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(57) ABSTRACT

The present invention involves a radical polymerization
initiator comprising an organotellurium compound repre-
sented by a formula (1), wherein R' represents an alkyl
group or the like, each of R? and R? independently represents
a hydrogen atom or the like, and each of R*, R® and R®
independently represents a hydrogen atom or the like. The
present invention provides: a radical polymerization initiator
that is useful for producing a polymer that includes a double
bond at the molecular terminal; and a method for producing
a polymer that utilizes the radical polymerization initiator.
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RADICAL POLYMERIZATION INITIATOR
AND METHOD FOR PRODUCING
POLYMERS

TECHNICAL FIELD

[0001] The present invention relates to a radical polym-
erization initiator that is useful for producing a polymer that
includes a double bond at the molecular terminal, and a
method for producing a polymer that utilizes the radical
polymerization initiator.

BACKGROUND ART

[0002] A polymer that includes a double bond at the
molecular terminal is used as a macromonomer when pro-
ducing a polymer that has a branched structure (e.g., graft
polymer or star-shaped polymer).

[0003] For example, Patent Literature 1 discloses a
method for producing a polymer having a branched structure
wherein a macromonomer is polymerized, the macromono-
mer including a group that includes a polymerizable carbon-
carbon double bond at the molecular terminal. Patent Lit-
erature 1 discloses a method for producing a macromonomer
wherein a vinyl-based monomer is polymerized using an
atom transfer radical polymerization method that utilizes a
polymerization initiator (e.g., organic halide) and a catalyst
(e.g., transition metal complex) to obtain a vinyl-based
polymer that includes a terminal halogen group, and the
terminal halogen group is substituted with a compound that
includes a double bond, for example.

[0004] When using the method disclosed in Patent Litera-
ture 1 wherein a functional group (e.g., halogen group)
situated at the molecular terminal is substituted with a group
that includes a carbon-carbon double bond, it is necessary to
effect a functional group substitution reaction. Therefore, a
method that introduces a carbon-carbon double bond into the
polymerization-initiation terminal using a polymerization
initiator that includes a carbon-carbon double bond has been
studied in order to more easily obtain a macromonomer.
Examples of such a method include an atom transfer radical
polymerization method that utilizes an allyl halide as a
polymerization initiator (see Non-Patent Literature 1). How-
ever, the type of vinyl-based monomer that can be applied to
the atom transfer radical polymerization method that utilizes
an allyl halide as a polymerization initiator is limited.
Moreover, it may be difficult to control the polymerization
reaction, or the polymerization reaction may not proceed
depending on the type of vinyl-based monomer. In view of
the above situation, a radical polymerization initiator that
includes a carbon-carbon double bond, and can be applied to
a wide variety of radically polymerizable monomers (e.g.,
vinyl-based monomer) to implement a controlled polymer-
ization reaction, has been strongly desired.

[0005] However, since a radical polymerization initiator
has reactivity with a carbon-carbon double bond, a radical
polymerization initiator normally does not exhibit sufficient
polymerization activity when a carbon-carbon double bond
is introduced into the molecule of the radical polymerization
initiator. Specifically, a radical polymerization initiator that
includes a carbon-carbon double bond and has the desired
properties has not yet been obtained.

[0006] An organotellurium compound is known as a radi-
cal polymerization initiator that makes it possible to subject
a vinyl-based monomer or the like to radical polymerization
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while controlling the molecular weight distribution and the
like (see Patent Literature 2 and 3).

CITATION LIST

Patent Literature

[0007] Patent Literature 1: JP-A-2007-254758 (US2006/
0052563A)

[0008] Patent Literature 2: W02004/014962 (US2006/
0167199A)

[0009] Patent Literature 3: JP-A-2007-277533
Non-Patent Literature
[0010] Non-Patent Literature 1: Yoshiki Nakagawa and

Krzysztof Matyjaszewski, “Synthesis of Well-Defined
Allyl End-Functionalized Polystyrene by Atom Transfer
Radical Polymerization with an Allyl Halide Initiator”,
Polymer Journal, 1998, Vol. 30, No. 2, pp. 138-141

SUMMARY OF INVENTION

Technical Problem

[0011] The invention was conceived in view of the above
situation. An object of the invention is to provide a radical
polymerization initiator that is useful for producing a poly-
mer that includes a double bond at the molecular terminal,
and can be applied to a wide variety of radically polymer-
izable monomers to implement a controlled polymerization
reaction, and a method for producing a polymer that utilizes
the radical polymerization initiator.

Solution to Problem

[0012] The inventors conducted extensive studies with
regard to a radical polymerization initiator that is used for a
living radical polymerization reaction in order to solve the
above problem. As a result, the inventors found that a wide
variety of radically polymerizable monomers can be polym-
erized in a controlled manner, and a polymer that includes a
double bond at the molecular terminal can be efficiently
obtained by subjecting a radically polymerizable monomer
to a living radical polymerization reaction in the presence of
a radical polymerization initiator that includes an organo-
tellurium compound that includes at least one non-aromatic
carbon-carbon double bond at the 3-position. This finding
has led to the completion of the invention.

[0013] Several aspects of the invention provide the fol-
lowing radical polymerization initiator (see (1)), method for
producing a polymer (see (2) to (5)), and polymer (see (6)).
(1) A radical polymerization initiator including an organo-
tellurium compound represented by the following formula

(1),

M
R4

RS

T
s ~ R
R¢ R R?
wherein R” represents a group selected from an alkyl group,

a substituted or unsubstituted cycloalkyl group, a substituted
or unsubstituted aryl group, and a substituted or unsubsti-
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tuted heteroaromatic ring group, each of R* and R? inde-
pendently represents an atom or a group selected from a
hydrogen atom, an aliphatic hydrocarbon group, a substi-
tuted or unsubstituted aryl group, a substituted or unsubsti-
tuted heteroaromatic ring group, a halogen atom, a carboxyl
group, a hydrocarbyloxycarbonyl group, a cyano group, and
an amide group, and each of R*, R®, and R® independently
represents an atom or a group selected from a hydrogen
atom, an aliphatic hydrocarbon group, a substituted or
unsubstituted aryl group, a substituted or unsubstituted
heteroaromatic ring group, a halogen atom, a carboxyl
group, a hydrocarbyloxycarbonyl group, a cyano group, an
amide group, and a group represented by the following
formula (2), provided that two groups selected from R to R°
are optionally bonded to each other to form a ring other than
an aromatic ring,

@

Te
~ R’

R® RS

wherein R” represents a group selected from an alkyl group,
a substituted or unsubstituted cycloalkyl group, a substituted
or unsubstituted aryl group, and a substituted or unsubsti-
tuted heteroaromatic ring group, each of R® and R® inde-
pendently represents an atom or a group selected from a
hydrogen atom, an aliphatic hydrocarbon group, a substi-
tuted or unsubstituted aryl group, a substituted or unsubsti-
tuted heteroaromatic ring group, a halogen atom, a carboxyl
group, a hydrocarbyloxycarbonyl group, a cyano group, and
an amide group, and the wavy line represents that the group
represented by the formula (2) is bonded to the carbon atom
included in the formula (1) that forms the double bond.
(2) A method for producing a polymer including subjecting
a radically polymerizable monomer to radical polymeriza-
tion in a state in which the radical polymerization initiator
according to (1) is present in a polymerization system.

(3) The method for producing a polymer according to (2),
wherein the radically polymerizable monomer is subjected
to radical polymerization in a state in which an azo-based
radical generator is further present in the polymerization
system.

(4) The method for producing a polymer according to (2) or
(3), wherein the radically polymerizable monomer is sub-
jected to radical polymerization in a state in which light is
applied to the polymerization system.

(5) The method for producing a polymer according to any
one of (2) to (4), wherein the radically polymerizable
monomer is subjected to radical polymerization in a state in
which a ditelluride compound represented by the following
formula (3) is further present in the polymerization system,

R!°Te—TeR! 3)

wherein each of R'® and R!'' independently represents a
group selected from an alkyl group, a substituted or unsub-
stituted cycloalkyl group, a substituted or unsubstituted aryl
group, and a substituted or unsubstituted heteroaromatic ring
group.

(6) A polymer obtained by the method for producing a
polymer according to any one of (2) to (5).
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Advantageous Effects of Invention

[0014] The aspects of the invention thus provide a radical
polymerization initiator that is useful for producing a poly-
mer that includes a double bond at the molecular terminal,
and can be applied to a wide variety of radically polymer-
izable monomers to implement a controlled polymerization
reaction, and a method for producing a polymer that utilizes
the radical polymerization initiator.

[0015] Note that the expression “includes a double bond at
the molecular terminal” used herein means that a group
represented by (R)ROC—=R*)—CR>HR*)— that is
derived from the organotellurium compound represented by
the formula (1) forms one of the terminals of the polymer
chain.

DESCRIPTION OF EMBODIMENTS

[0016] A radical polymerization initiator and a method for
producing a polymer according to the exemplary embodi-
ments of the invention are described in detail below.

1) Radical Polymerization Initiator

[0017] A radical polymerization initiator according to one
embodiment of the invention includes the organotellurium
compound represented by the formula (1).

[0018] R! in the formula (1) represents a group selected
from an alkyl group, a substituted or unsubstituted
cycloalkyl group, a substituted or unsubstituted aryl group,
and a substituted or unsubstituted heteroaromatic ring group.
Among these, an alkyl group and a substituted or unsubsti-
tuted aryl group are preferable as R*.

[0019] Note that the expression “substituted or unsubsti-
tuted” used herein in connection with a group or the like
means that the group or the like is unsubstituted, or substi-
tuted with a substituent.

[0020] The number of carbon atoms of the alkyl group that
may be represented by R! is not particularly limited, but is
preferably 1 to 10, more preferably 1 to 8, and still more
preferably 1 to 5, from the viewpoint of availability.
[0021] Examples of the alkyl group that may be repre-
sented by R! include a linear alkyl group such as a methyl
group, an ethyl group, an n-propyl group, an n-butyl group,
an n-pentyl group, an n-hexyl group, an n-heptyl group, an
n-octyl group, an n-nonyl group, and an n-decyl group; and
a branched alkyl group such as an isopropyl group, a
sec-butyl group, and a tert-butyl group.

[0022] The number of carbon atoms of the cycloalkyl
group (that is substituted or unsubstituted) that may be
represented by R! is normally 3 to 10. The number of carbon
atoms of the cycloalkyl group is preferably 3 to 8, and more
preferably 5 or 6, from the viewpoint of availability.
[0023] Examples of the cycloalkyl group (that is substi-
tuted or unsubstituted) that may be represented by R*
include a cyclopropyl group, a cyclobutyl group, a cyclo-
pentyl group, a cyclohexyl group, a cycloheptyl group, a
cyclooctyl group, and the like.

[0024] A substituent that may substitute the cycloalkyl
group (that is substituted or unsubstituted) that may be
represented by R! is not particularly limited as long as the
substituent does not hinder the polymerization reaction.
Examples of the substituent include a halogen atom such as
a fluorine atom, a chlorine atom, a bromine atom, and an
iodine atom; a hydroxyl group; an alkyl group having 1 to
8 carbon atoms, such as a methyl group, an ethyl group, an
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n-propyl group, and an isopropyl group; an alkoxy group
having 1 to 8 carbon atoms, such as a methoxy group and an
ethoxy group: an amino group; a nitro group; a cyano group;
a group represented by —CORa (wherein Ra represents an
alkyl group having 1 to 8 carbon atoms, such as a methyl
group, an ethyl group, an n-propyl group, and an isopropyl
group; a cycloalkyl group having 3 to 8 carbon atoms, such
as a cyclopropyl group, a cyclobutyl group, and a cyclopen-
tyl group; an aryl group having 6 to 10 carbon atoms, such
as a phenyl group, a 1-naphthyl group, and a 2-naphthyl
group; an alkoxy group having 1 to 8 carbon atoms, such as
a methoxy group and an ethoxy group; a substituted or
unsubstituted aryloxy group having 6 to 10 carbon atoms,
such as a phenoxy group and a 2,4,6-trimethylphenyloxy
group; and a haloalkyl group having 1 to 8 carbon atoms,
such as a trifluoromethyl group; and the like.

[0025] The number of carbon atoms of the aryl group (that
is substituted or unsubstituted) that may be represented by
R! is normally 6 to 20. The number of carbon atoms of the
aryl group is preferably 6 to 15, and more preferably 6 to 10,
from the viewpoint of availability.

[0026] Examples of the aryl group (that is substituted or
unsubstituted) include a phenyl group, a 1-naphthyl group,
a 2-naphthyl group, an anthranyl group, and the like.

[0027] A substituent that may substitute the aryl group
(that is substituted or unsubstituted) is not particularly
limited as long as the substituent does not hinder the
polymerization reaction. Examples of the substituent include
those mentioned above in connection with the cycloalkyl
group (that is substituted or unsubstituted).

[0028] The number of carbon atoms of the heteroaromatic
ring group (that is substituted or unsubstituted) that may be
represented by R is normally 1 to 15. The number of carbon
atoms of the heteroaromatic ring group is preferably 3 to 15,
and more preferably 4 to 10, from the viewpoint of avail-
ability.

[0029] Examples of the heteroaromatic ring group (that is
substituted or unsubstituted) include a S-membered het-
eroaromatic ring group such as a pyrrolyl group, an imida-
zolyl group, a furyl group, a thienyl group, an oxazolyl
group, and a thiazolyl group; a 6-membered heteroaromatic
ring group such as a pyridyl group, a pyrimidyl group, a
pyridazyl group, and a pyrazinyl group; a fused heteroaro-
matic ring group such as a benzimidazolyl group, a quinolyl
group, and a benzofuranyl group; and the like.

[0030] A substituent that may substitute the heteroaro-
matic ring group (that is substituted or unsubstituted) is not
particularly limited as long as the substituent does not hinder
the polymerization reaction. Examples of the substituent
include those mentioned above in connection with the
cycloalkyl group (that is substituted or unsubstituted).

[0031] Each of R? and R? in the formula (1) independently
represents an atom or a group selected from a hydrogen
atom, an aliphatic hydrocarbon group, a substituted or
unsubstituted aryl group, a substituted or unsubstituted
heteroaromatic ring group, a halogen atom, a carboxyl
group, a hydrocarbyloxycarbonyl group, a cyano group, and
an amide group. Among these, a hydrogen atom and an
aliphatic hydrocarbon group are preferable as R* and R>.
[0032] The number of carbon atoms of the aliphatic hydro-
carbon group that may be represented by R' and R? is
preferably 1 to 10, more preferably 1 to 8, and still more
preferably 1 to 5.
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[0033] Examples of the aliphatic hydrocarbon group that
may be represented by R? and R? include an alkyl group
having 1 to 10 carbon atoms, such as a methyl group and an
ethyl group; an alkenyl group having 2 to 10 carbon atoms,
such as a 1-propenyl group and a 2-propenyl group; an
alkynyl group having 2 to 10 carbon atoms, such as a
1-propynyl group and a 2-propynyl group; a cycloalkyl
group having 3 to 10 carbon atoms, such as a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, and a
cyclohexyl group; and the like.

[0034] Specific examples of the substituted or unsubsti-
tuted aryl group that may be represented by R? and R>
include those mentioned above in connection with the
substituted or unsubstituted aryl group that may be repre-
sented by R.

[0035] Specific examples of the substituted or unsubsti-
tuted heteroaromatic ring group that may be represented by
R?and R? include those mentioned above in connection with
the substituted or unsubstituted heteroaromatic ring group
that may be represented by R*.

[0036] Examples of the halogen atom that may be repre-
sented by R? and R? include a fluorine atom, a chlorine atom,
a bromine atom, an iodine atom, and the like.

[0037] The number of carbon atoms of the hydrocarby-
loxycarbonyl group that may be represented by R* and R? is
preferably 2 to 10, more preferably 2 to 8, and still more
preferably 2 to 5.

[0038] Examples of the hydrocarbyloxycarbonyl group
that may be represented by R? and R? include an alkyloxy-
carbonyl group such as a methyloxycarbonyl group and an
ethyloxycarbonyl group; an alkenyloxycarbonyl group such
as

an ethenyloxycarbonyl group and a 2-propenyloxycarbonyl
group;

an alkynyloxycarbonyl group such as a propagyloxycarbo-
nyl group; a substituted or unsubstituted aryloxycarbonyl
group such as a phenoxycarbonyl group,

a 4-methylphenyloxycarbonyl group, a 4-chlorophenoxycar-
bonyl group,

a 1-naphthyloxycarbonyl group, and a 2-naphthyloxycarbo-
nyl group; and the like.

[0039] Examples of the amide group that may be repre-
sented by R*> and R>® include a group represented by
—C(X)—N(ThH(r?) (wherein X represents an oxygen atom,
a sulfur atom, or a selenium atom, and each of r' and r?
independently represents a hydrogen atom or an organic
group having 1 to 10 carbon atoms), a group represented by
—SO,—N(r')(r?) (wherein r' and r* are the same as defined
above), and a group represented by —N(')—C(O)-(r?)
(wherein r* and r* are the same as defined above).

[0040] Examples of the organic group that may be repre-
sented by r' and r* include a linear or branched alkyl group
having 1 to 10 carbon atoms, such as a methyl group and an
ethyl group; a linear or branched alkenyl group having 2 to
10 carbon atoms, such as a 1-propenyl group and a 2-pro-
penyl group; a linear or branched alkynyl group having 2 to
10 carbon atoms, such as a 1-propynyl group and a 2-pro-
pynyl group; a cycloalkyl group having 3 to 10 carbon
atoms, such as a cyclopropyl group, a cyclobutyl group, a
cyclopentyl group, and a cyclohexyl group; an aryl group
having 6 to 10 carbon atoms, such as a phenyl group and a
1-naphthyl group; an alkylcarbonyl group having 2 to 10
carbon atoms, such as an acetyl group; an alkoxycarbonyl
group having 2 to 10 carbon atoms, such as a methoxycar-



US 2016/0297755 Al

bonyl group; a hydrocarbylsulfonyl group having 1 to 10
carbon atoms, such as a methylsulfonyl group and a p-tolu-
enesulfonyl group; and the like.

[0041] Examples of the group represented by —C(X)—
N(r')(?) include an aminocarbonyl group, a methylamin-
ocarbonyl group, an ethylaminocarbonyl group, a benzy-
laminocarbonyl group, a phenylaminocarbonyl group, a
dimethylaminocarbonyl group, a phenylmethylaminocarbo-
nyl group, a dimethylaminothiocarbonyl group, a dimethyl-
aminoselenocarbonyl group, and the like.

[0042] Examples of the group represented by —SO,—N
(r")(r®) include an aminosulfonyl group, a methylaminosul-
fonyl group, a benzylaminosulfonyl group, a dimethylam-
inosulfonyl group, and the like.

[0043] Examples of the group represented by —N(')—
C(O)-(r*) include an acetylamino group, a benzoylamino
group, and the like.

[0044] Each of R*, R’ and R® in the formula (1) indepen-
dently represents an atom or a group selected from a
hydrogen atom, an aliphatic hydrocarbon group, a substi-
tuted or unsubstituted aryl group, a substituted or unsubsti-
tuted heteroaromatic ring group, a halogen atom, a carboxyl
group, a hydrocarbyloxycarbonyl group, a cyano group, an
amide group, and a group represented by the formula (2).
Among these, a hydrogen atom, an aliphatic hydrocarbon
group (including a ring that is formed by R* and R® that are
bonded to each other), a hydrocarbyloxycarbonyl group, and
the group represented by the formula (2) are preferable as
R*, R’ and R®.

[0045] Specific examples of the aliphatic hydrocarbon
group that may be represented by R*, R®, and R include
those mentioned above in connection with the aliphatic
hydrocarbon group that may be represented by R* and R>.
[0046] Specific examples of the substituted or unsubsti-
tuted aryl group that may be represented by R*, R®, and R
include those mentioned above in connection with the
substituted or unsubstituted aryl group that may be repre-
sented by R'.

[0047] Specific examples of the substituted or unsubsti-
tuted heteroaromatic ring group that may be represented by
R* R3 and R® include those mentioned above in connection
with the substituted or unsubstituted heteroaromatic ring
group that may be represented by R.

[0048] Specific examples of the halogen atom that may be
represented by R*, R®, and RS include those mentioned
above in connection with the halogen atom that may be
represented by R and R.

[0049] Specific examples of the hydrocarbyloxycarbonyl
group that may be represented by R*, R®, and R° include
those mentioned above in connection with the hydrocarby-
loxycarbonyl group that may be represented by R* and R*.
[0050] Specific examples of the amide group that may be
represented by R*, R, and R® include those mentioned
above in connection with the amide group that may be
represented by R? and R®.

[0051] R” in the formula (2) represents a group selected
from an alkyl group, a substituted or unsubstituted
cycloalkyl group, a substituted or unsubstituted aryl group,
and a substituted or unsubstituted heteroaromatic ring group.
Among these, an alkyl group and a substituted or unsubsti-
tuted aryl group are preferable as R”.

[0052] Specific examples of the alkyl group, the substi-
tuted or unsubstituted cycloalkyl group, the substituted or
unsubstituted aryl group, and the substituted or unsubsti-
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tuted heteroaromatic ring group that may be represented by
R7 include those mentioned above in connection with the
alkyl group, the substituted or unsubstituted cycloalkyl
group, the substituted or unsubstituted aryl group, and the
substituted or unsubstituted heteroaromatic ring group that
may be represented by R*.

[0053] Each of R® and R? in the formula (2) independently
represents an atom or a group selected from a hydrogen
atom, an aliphatic hydrocarbon group, a substituted or
unsubstituted aryl group, a substituted or unsubstituted
heteroaromatic ring group, a halogen atom, a carboxyl
group, a hydrocarbyloxycarbonyl group, a cyano group, and
an amide group. Among these, a hydrogen atom and an
aliphatic hydrocarbon group are preferable as R® and R®.
[0054] Specific examples of the aliphatic hydrocarbon
group, the substituted or unsubstituted aryl group, the sub-
stituted or unsubstituted heteroaromatic ring group, the
halogen atom, the hydrocarbyloxycarbonyl group, and the
amide group that may be represented by R® and R® include
those mentioned above in connection with the aliphatic
hydrocarbon group, the substituted or unsubstituted aryl
group, the substituted or unsubstituted heteroaromatic ring
group, the halogen atom, the hydrocarbyloxycarbonyl
group, and the amide group that may be represented by R>
and R>.

[0055] Note that two groups selected from R? to R® are
optionally bonded to each other to form a ring other than an
aromatic ring. A hydrocarbon ring is preferable as the ring
other than an aromatic ring.

[0056] The ring is preferably a 5 to 7-membered ring, and
more preferably a 6-membered ring.

[0057] Examples of the ring when the ring includes a
double bond (e.g., when R? and R® or R* and R* are bonded
to each other), include a substituted or unsubstituted cyclo-
pentene ring, a substituted or unsubstituted cyclohexene
ring, a substituted or unsubstituted cycloheptene ring, and
the like.

[0058] Examples of the ring when the ring does not
include a double bond (e.g., when R' and R are bonded to
each other), include a substituted or unsubstituted cyclopen-
tane ring, a substituted or unsubstituted cyclohexane ring, a
substituted or unsubstituted cycloheptane ring, and the like.
[0059] Examples of a substituent that may substitute the
ring include those mentioned above in connection with the
substituent that may substitute R* to R*.

[0060] Specific examples of the organotellurium com-
pound represented by the formula (1) include 3-methyltel-
lanyl-1-propene, 3-methyltellanyl-2-methyl-1-propene,
3-methyltellanyl-2-phenyl-1-propene, 3-methyltellanyl-3-
methyl-1-propene,  3-methyltellanyl-3-phenyl-1-propene,
3-methyltellanyl-3-cyclohexyl-1-propene, 3-methyltellanyl-
3-cyano-1-propene, 3-ethyltellanyl-1-propene, 3-methyltel-
lanyl-3-dimethylamninocarbonyl-1-propene, 3-[(n-propyl)
tellanyl]-1-propene, 3-isopropyltellanyl-1-propene, 3-(n-
butyl)tellanylpropene, 3-[(n-hexyl)tellanyl]-1-propene,
3-phenyltellanyl-1-propene, 3-[(p-methylphenyl)tellanyl]-
1-propene, 3-cyclohexyltellanyl-1-propene, 3-[(2-pyridyl)
tellanyl]-1-propene, 3-methyltellanyl-2-butene, 3-methyltel-
lanyl-1-cyclopentene, 3-methyltellanyl-1-cyclohexene,
3-methyltellanyl-1-cyclooctene, 3-ethyltellanyl-1-cyclohex-
ene, 3-methyltellanyl-1-cyclohexene, 3-[(n-propyl)tellanyl]-
1-cyclohexene, 3-[(n-butyl)tellanyl]-1-cyclohexene, methyl
2-(methyltellanylmethyl)acrylate, ethyl 2-(methyltellanylm-
ethyi)acrylate, n-butyl 2-(methyltellanylmethyl)acrylate,
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methyl 2-(ethyltellanylmethyi)acrylate, methyl 2-[(n-butyl)
tellanylmethyl]acrylate, methyl 2-(cyclohexyltellanylm-
ethyi)acrylate, 1,4-bis(methyltellanyl)-2-butene, 1,4-bis
(ethyltellanyl)-2-butene, 1,4-bis[(n-butyl)tellanyl]-2-butene,
1,4-bis(cyclohexyltellanyl)-2-butene, 1,4-bis(phenyltella-
nyl)-2-butene, and the like. Note that the organotellurium
compound used in connection with one embodiment of the
invention is not limited to these organotellurium com-
pounds.

[0061] The organotellurium compound represented by the
formula (1) may be obtained by reacting a compound
represented by the following formula (4), a compound
represented by the following formula (5), and metallic
tellurium according to the method disclosed in WO2004/
014962, for example.

Q)
R4

5
R P X

R¢ R R?

®
MR,

[0062] Note that R* to R® in the formula (4) are the same
as defined above. X represents a halogen atom. The halogen
atom represented by X may be a fluorine atom, a chlorine
atom, a bromine atom, or an iodine atom. Among these, a
chlorine atom and a bromine atom are preferable.

[0063] R®in the formula (5) is the same as defined above.
M represents an alkali metal such as lithium, sodium, or
potassium, an alkaline-earth metal such as magnesium or
calcium, or copper. m is 1 when M represents an alkali
metal, is 2 when M represents an alkaline-earth metal, and
is 1 or 2 when M represents copper. When M in the formula
(5) represents magnesium, one of the two groups repre-
sented by R' may be a halogen atom. Specifically, the
compound represented by the formula (5) may be a Grignard
reagent.

[0064] More specifically, metallic tellurium is suspended
in a solvent in an inert gas atmosphere to prepare a suspen-
sion, and the compound represented by the formula (5) is
added to the suspension to effect a reaction. The compound
represented by the formula (4) is added to the resulting
reaction mixture to effect a reaction to obtain the organo-
tellurium compound represented by the formula (1).

[0065] The compound represented by the formula (5) is
normally used in an amount of 0.5 to 1.5 mol, and preferably
0.8 to 1.2 mol, based on 1 mol of metallic tellurium.

[0066] The compound represented by the formula (4) is
normally used in an amount of 0.5 to 1.5 mol, and preferably
0.8 to 1.2 mol, based on 1 mol of metallic tellurium.

[0067] Examples of the inert gas include nitrogen gas,
helium gas, argon gas, and the like.

[0068] Examples of the solvent include an ether-based
solvent such as diethyl ether and tetrahydrofuran; an amide-
based solvent such as dimethylformamide; an aromatic
solvent such as toluene; an aliphatic hydrocarbon-based
solvent such as hexane; and the like.
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[0069] Each of the compound represented by the formula
(5) and the compound represented by the formula (4) is
preferably added dropwise to the reaction system at a low
temperature (=20 to 5° C.).

[0070] The reaction conditions are not particularly limited.
For example, the reaction time is set to 5 minutes to 24
hours, and the reaction temperature is set to =20 to 80° C.
[0071] Organotellurium compounds respectively repre-
sented by the following formulas (la) to (lc) may be
obtained as follows.

(1a)

(1b)

(le)

Te
R’

wherein R! to R are the same as defined above.

[0072] Specifically, the organotellurium compounds
respectively represented by the formulas (1a) to (1¢) may be
obtained by reacting compounds respectively represented by
the following formulas (4a) to (4c) as described above
instead of the compound represented by the formula (4).

. (4a)
R -
RS
R? P X!
R¢ R} R?
(4b)
R r¢ R
1
. P X
Rf R} R?
(4c)
R4
R? . X!
8
R R R?
9
R »
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wherein R? to R® are the same as defined above, provided
that R*, R>, and RS are not the group represented by the
formula (2), and X' and X? represent a halogen atom
(preferably a chlorine atom or a bromine atom).

[0073] When using the compounds respectively repre-
sented by the formulas (4a) to (4¢), the compounds respec-
tively represented by the formulas (4a) to (4¢) are normally
used in an amount of 0.25 to 0.75 mol, and preferably 0.4 to
0.6 mol, based on 1 mol of metallic tellurium. The com-
pound represented by the formula (5) is normally used in an
amount of 0.5 to 1.5 mol, and preferably 0.8 to 1.2 mol,
based on 1 mol of metallic tellurium.

[0074] After completion of the reaction, the target product
may be isolated by a known post-treatment operation and
separation-purification means. For example, the reaction
mixture is sequentially washed with deaerated water, a
deaerated ammonium chloride aqueous solution, and a
deaerated saturated sodium chloride solution, and the
organic layer is dried and concentrated to obtain a crude
product. The resulting reaction product is optionally purified
using a known purification method (e.g., vacuum distillation
method) to obtain the target organotellurium compound
having high purity.

[0075] The organotellurium compound represented by the
formula (1) that is used as the radical polymerization ini-
tiator according to one embodiment of the invention
includes at least one non-aromatic carbon-carbon double
bond at the n-position with respect to Te.

[0076] When a radically polymerizable monomer is sub-
jected to radical polymerization in the presence of the
organotellurium compound represented by the formula (1),
the carbon-carbon double bond is introduced into the polym-
erization-initiation terminal, and a living radical polymer-
ization reaction with excellent controllability can be imple-
mented (described later).

[0077] Therefore, it is possible to efficiently produce a
polymer that includes a double bond at the molecular
terminal by utilizing the radical polymerization initiator
according to one embodiment of the invention.

2) Method for Producing Polymer

[0078] A method for producing a polymer according to
one embodiment of the invention includes subjecting a
radically polymerizable monomer to radical polymerization
in a state in which the radical polymerization initiator
according to one embodiment of the invention is present in
a polymerization system (i.e., in the presence of the radical
polymerization initiator according to one embodiment of the
invention).

[0079] The radically polymerizable monomer used in con-
nection with one embodiment of the invention is not par-
ticularly limited as long as it is radically polymerizable.
Examples of the radically polymerizable monomer include
an acrylic-based monomer such as methyl (meth)acrylate,
ethyl (meth)acrylate, propyl (meth)acrylate, butyl (meth)
acrylate, octyl (meth)acrylate, lauryl (meth)acrylate, 2-hy-

droxyethyl (meth)acrylate, cyclohexyl (meth)acrylate,
methylcyclohexyl (meth)acrylate, isobornyl (meth)acrylate,
cyclododecyl (meth)acrylate, glycidyl (meth)acrylate,

(meth)acrylic acid, (meth)acrylamide, N-methyl(meth)acry-
lamide. N-isopropyl(meth)acrylamide, N,N-dimethyl(meth)
acrylamide, N-(2-dimethylaminoethyl)(meth)acrylamide,
N-(3-dimethylaminopropyl)(meth)acrylamide, 2-(dimethyl-
amino)ethyl (meth)acrylate, 3-dimethylaminopropyl (meth)
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acrylate, hydroxyethyl (meth)acrylate, (meth)acrylonitrile,
2-hydroxy-3-(meth)acryloyloxypropyltrimethylammonium
chloride, and (meth)acryloylaminoethyldimethylbenzylam-
monium chloride (Note that the term “(meth)acrylic acid”
used herein refers to acrylic acid or methacrylic acid (this
definition also applies to (meth)acrylamide and the like));
a styrene-based monomer such as styrene, a-methylstyrene,
2-methylstyrene, 3-methylstyrene, 4-methylstyrene,
4-methoxystyrene, 4-tert-butylstyrene, 4-n-butylstyrene,
4-tert-butoxystyrene, 2-hydroxymethylstyrene, 2-chlorosty-
rene, 4-chlorostyrene, 2,4-dichlorostyrene, 1-vinylnaphtha-
lene, divinylbenzene, 4-styrenesulfonic acid, and an alkali
metal salt (e.g., sodium salt and potassium salt) thereof; an
a-olefin-based monomer such as ethylene, propene,
1-butene, l-pentene, 1-hexene, l-octene, and 1-decene;

a vinyl-based monomer such as 2-vinylthiophene.
N-methyl-2-vinylpyrrole,  1-vinyl-2-pyrrolidone,  2-vi-
nylpyridine, 4-vinylpyridine, N-vinylformamide, N-viny-
lacetamide, vinyl acetate, vinyl benzoate, methyl vinyl
ketone, vinyl chloride, and vinylidene chloride;

an unsaturated carboxylic acid-based monomer such as
maleic acid, fumaric acid, itaconic acid, citraconic acid,
crotonic acid, and maleic anhydride; a conjugated diene-
based monomer such as 1,3-butadiene, isoprene, 2,3-dim-
ethyl-1,3-butadiene, 2-chloro-1,3-butadiene, and 1,3-penta-
diene; a non-conjugated diene-based monomer such as
4-methyl-1,4-hexadiene and 7-methyl-1,6-octadiene; and
the like.

[0080] These radically polymerizable monomers may be
used either alone or in combination.

[0081] The method for producing a polymer according to
one embodiment of the invention can implement a con-
trolled polymerization reaction using a wide variety of
radically polymerizable monomers as compared with known
atom transfer radical polymerization that utilizes an allyl
halide as a polymerization initiator to introduce a carbon-
carbon double bond into the polymerization-initiation ter-
minal. Therefore, the method for producing a polymer
according to one embodiment of the invention can particu-
larly suitably be used when using a radically polymerizable
monomer for which it is difficult to implement a controlled
polymerization reaction using a known method. The radi-
cally polymerizable monomer that is particularly suitably
used when implementing the method for producing a poly-
mer according to one embodiment of the invention includes
at least one radically polymerizable monomer selected from
(meth)acrylates that include a functional group selected
from a hydroxyl group, an amino group, and an ammonium
group, (meth)acrylic acids, (meth)acrylamides, a-olefins, a
vinyl-based monomer that includes a vinyl group that is not
conjugate to an aromatic ring, and a conjugated diene-based
monomer.

[0082] The amount of the organotellurium compound rep-
resented by the formula (1) and the amount of the radically
polymerizable monomer may be appropriately adjusted tak-
ing account of the molecular weight and the molecular
weight distribution of the desired polymer. The organotel-
lurium compound represented by the formula (1) is normally
used in an amount of 0.00005 to 0.2 mol, and preferably
0.0001 to 0.02 mol, based on 1 mol of the radically polym-
erizable monomer.

[0083] Radical polymerization may be effected by charg-
ing a container (in which the internal atmosphere has been
replaced by an inert gas (e.g., nitrogen gas, helium gas, or
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argon gas) with the organotellurium compound represented
by the formula (1), the radically polymerizable monomer,
and an optional solvent, and stirring the mixture at a specific
temperature for a specific time.

[0084] A solvent that is normally used for a radical polym-
erization reaction may be used as the solvent. Examples of
the solvent include aromatic hydrocarbons such as benzene
and toluene; ketones such as acetone and methyl ethyl
ketone; esters such as ethyl acetate; ethers such as dioxane
and tetrahydrofuran (THF); amides such as N,N-dimethyl-
formamide (DMF); sulfur-containing compounds such as
dimethyl sulfoxide (DMSO); alcohols such as methanol,
ethanol, isopropanol, and n-butanol; halogen-containing
compounds such as chloroform, carbon tetrachloride, and
trifluoromethylbenzene; cellosolve and a derivative thereof
such as ethyl cellosolve, butyl cellosolve, and 1-methoxy-
2-propanol; water; and the like.

[0085] These solvents may be used either alone or in
combination.
[0086] When using the solvent, the solvent is used in an

amount of 0.01 to 50 mL, preferably 0.05 to 10 mL, and
more preferably 0.1 to 5 ml, based on 1 g of the radically
polymerizable monomer, for example.

[0087] The reaction temperature and the reaction time may
be appropriately adjusted.

[0088] The reaction temperature is normally set to 20 to
150° C., and preferably 40 to 100° C., and the reaction time
is normally set to 1 minute to 100 hours, and preferably 0.1
to 30 hours.

[0089] The reaction is normally effected under normal
pressure. Note that the reaction may be effected under
pressure, or may be effected under reduced pressure.
[0090] When implementing the method for producing a
polymer according to one embodiment of the invention, the
radically polymerizable monomer may be subjected to radi-
cal polymerization in a state in which an azo-based radical
generator is further present in the polymerization system.
[0091] When the polymerization reaction is effected in the
presence of the azo-based radical generator, the polymer-
ization reaction is further promoted, and a polymer can be
efficiently obtained.

[0092] An arbitrary azo-based radical generator that is
normally used for radical polymerization as a polymeriza-
tion initiator or a polymerization promoter may be used as
the azo-based radical generator.

[0093] Examples of the azo-based radical generator

include

[0094] 2,2'-azobis(isobutylonitrile) (AIBN),

[0095] 2,2'-azobis(2-methylbutyronitrile) (AMBN),

[0096] 2,2'-azobis(2,4-dimethylvaleronitrile) (ADVN),

[0097] 1,1'-azobis(cyclohexane-1-carbonitrile) (ACHN),

[0098] dimethyl 2,2'-azobisisobutyrate (MAIB),

[0099] 4,4'-azobis(4-cyanovaleric acid) (ACVA),

[0100] 1,1'-azobis(1-acetoxy-1-phenylethane),

[0101] 2,2'-azobis(2-methylbutylamide),

[0102] 2,2'-azobis(4-methoxy-2,4-dimethylvaleronitrile),

[0103] 2,2'-azobis(2-methylamidinopropane) dihydro-
chloride,

[0104] 2,2'-azobis[2-(2-imidazolin-2-yl)propane],

[0105] 2,2'-azobis[2-methyl-N-(2-hydroxyethyl)propio-
namide],

[0106] 2,2'-azobis(2,4,4-trimethylpentane),  2-cyano-2-

propylazoformamide,
[0107] 2,2'-azobis(N-butyl-2-methylpropionamide),
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[0108] 2,2'-azobis(N-cyclohexyl-2-methylpropionamide),
and the like.
[0109] These azo-based radical generators may be used
either alone or in combination.
[0110] Itis preferable to appropriately select the azo-based
radical generator taking account of the reaction conditions.
[0111] For example, 2,2'-azobis(2,4-dimethylvaleronitrile)
(ADVN) and 2,2'-azobis(4-methoxy-2,4-dimethylvaleroni-
trile) are preferable when effecting the polymerization reac-
tion at a low temperature (40° C. or less). 2,2'-Azobis
(isobutylonitrile) (AIBN), 2,2'-azobis(2-
methylbutyronitrile) (AMBN), dimethyl 2,2'-
azobisisobutyrate (MAIB), and 1,1'-azobis(1-acetoxy-1-
phenylethane) are preferable when effecting the
polymerization reaction at a medium temperature (40 to 80°
C.). 1,1'-Azobis(cyclohexane-1-carbonitrile)  (ACHN),
2-cyano-2-propylazoformamide, 2,2'-azobis(N-butyl-2-
methylpropionamide), 2,2'-azobis(N-cyclohexyl-2-methyl-
propionamide), and 2,2'-azobis(2,4,4-trimethylpentane) are
preferable when effecting the polymerization reaction at a
high temperature (80° C. or more).
[0112] When using the azo-based radical generator, the
azo-based radical generator is used in an amount of 0.01 to
100 mol, preferably 0.05 to 10 mol, and more preferably
0.05 to 2 mol, based on 1 mol of the organotellurium
compound represented by the formula (1).
[0113] When implementing the method for producing a
polymer according to one embodiment of the invention, the
polymerization reaction may be effected in a state in which
light is applied to the polymerization system (i.e., while
applying light to the polymerization system).
[0114] When the polymerization reaction is effected in a
state in which light is applied to the polymerization system,
the polymerization reaction is further promoted, and a
polymer can be efficiently obtained.
[0115] Ultraviolet rays (light having a wavelength of 200
to 380 nm) or visible light (light having a wavelength of 380
to 830 nm) is preferable as light applied to the polymeriza-
tion system. Light may be applied to the polymerization
system using a method that is normally used when effecting
a photopolymerization reaction. For example, light may be
applied to the polymerization system using a light source
such as a low-pressure mercury lamp, a medium-pressure
mercury lamp, a high-pressure mercury lamp, an ultra-high-
pressure mercury lamp, a chemical lamp, a black light lamp,
a microwave-excited mercury lamp, a metal halide lamp, a
xenon lamp, a krypton lamp, or an LED lamp.
[0116] Note that the azo-based radical generator and the
application of light may be used in combination. However,
the polymerization reaction is normally promoted suffi-
ciently when either the azo-based radical generator or the
application of light is used.
[0117] When implementing the method for producing a
polymer according to one embodiment of the invention, the
radically polymerizable monomer may be subjected to radi-
cal polymerization in a state in which the ditelluride com-
pound represented by the formula (3) is further present in the
polymerization system.
[0118] When the polymerization reaction is effected in the
presence of the ditelluride compound represented by the
formula (3), it is possible to more advantageously control the
polymerization reaction, and obtain a polymer having a
molecular weight close to the theoretical value and a narrow
molecular weight distribution.
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[0119] Each of R'° and R'! in the formula (3) indepen-
dently represents a group selected from an alkyl group, a
substituted or unsubstituted cycloalkyl group, a substituted
or unsubstituted aryl group, and a substituted or unsubsti-
tuted heteroaromatic ring group.

[0120] Specific examples of the alkyl group, the substi-
tuted or unsubstituted cycloalkyl group, the substituted or
unsubstituted aryl group, and the substituted or unsubsti-
tuted heteroaromatic ring group that may be represented by
R'® and R include those mentioned above in connection
with the alkyl group, the substituted or unsubstituted
cycloalkyl group, the substituted or unsubstituted aryl
group, and the substituted or unsubstituted heteroaromatic
ring group that may be represented by R'.

[0121] Specific examples of the ditelluride compound
represented by the formula (3) include dimethyl ditelluride,
diethyl ditelluride, di(n-propyl) ditelluride, diisopropyl
ditelluride, dicyclopropyl ditelluride, di(n-butyl) ditelluride,
di(sec-butyl) ditelluride, di(tert-butyl) ditelluride, dicy-
clobutyl ditelluride, dipheny! ditelluride, bis(p-methoxyphe-
nyl) ditelluride, bis(p-aminophenyl) ditelluride, bis(p-nitro-
phenyl) ditelluride, bis(p-cyanophenyl) ditelluride, bis(p-
sulfonylphenyl) ditelluride, bis(2-naphthyl) ditelluride, 4,4'-
dypyridyl ditelluride, and the like.

[0122] These ditelluride compounds may be used either
alone or in combination.

[0123] When using the ditelluride compound represented
by the formula (3), the ditelluride compound represented by
the formula (3) is used in an amount of 0.01 to 100 mol,
preferably 0.1 to 10 mol, and more preferably 0.1 to 5 mol,
based on 1 mol of the organotellurium compound repre-
sented by the formula (1), for example.

[0124] Note that the ditelluride compound represented by
the formula (3) may be used in combination with the
azo-based radical generator, or may be used in combination
with the application of light.

[0125] After completion of the reaction, the polymer may
be isolated and purified using an ordinary method. For
example, the solvent and the residual radically polymeriz-
able monomer may be evaporated from the reaction solution
under reduced pressure to isolate the polymer, or the reaction
solution may be poured into a poor solvent to precipitate the
polymer.

[0126] The molecular weight of a polymer that is obtained
by the method for producing a polymer according to one
embodiment of the invention can be adjusted by adjusting
the reaction time and the amount of organotellurium com-
pound. For example, the number average molecular weight
of the polymer is 500 to 1,000,000, and preferably 1,000 to
50,000. The molecular weight distribution (Mw/Mn) of the
polymer is normally 1.01 to 2.50, preferably 1.01 to 2.00,
more preferably 1.01 to 1.50, still more preferably 1.01 to
1.30, and most preferably 1.01 to 1.15.

[0127] The method for producing a polymer according to
one embodiment of the invention can produce a copolymer
when two or more radically polymerizable monomers are
used.

[0128] For example, the method for producing a polymer
according to one embodiment of the invention can produce
a random copolymer when two or more radically polymer-
izable monomers are simultaneously present in the polym-
erization system.

[0129] The method for producing a polymer according to
one embodiment of the invention can produce a block
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copolymer when two or more radically polymerizable
monomers are sequentially reacted, since the polymerization
reaction proceeds in a living manner (described later).

[0130] The growing terminal of the polymer chain during
the polymerization reaction effected by the method for
producing a polymer according to one embodiment of the
invention is a highly reactive organotellurium site (R'—
Te— or R’—Te—) derived from the radical polymerization
initiator according to one embodiment of the invention, and
has living properties.

[0131] When the growing terminal of the polymer chain
that has living properties is exposed to air, the growing
terminal is substituted with a hydrogen atom or a hydroxyl
group, and is inactivated.

[0132] The other terminal (polymerization-initiation ter-
minal) of the polymer obtained by the method for producing
a polymer according to one embodiment of the invention is
a group represented by (R*)(RSC—=CR*)—CR*)(R>)—
that is derived from the organotellurium compound repre-
sented by the formula (1).

[0133] Therefore, the method for producing a polymer
according to one embodiment of the invention can efficiently
produce a polymer that includes a double bond at the
molecular terminal, has a controlled molecular weight and
molecular weight distribution, and is useful as a mac-
romonomer and the like.

EXAMPLES

[0134] The invention is further described below by way of
examples and the like. Note that the invention is not limited
to the following examples and the like. Note that the units
“parts” and “%” respectively refer to “parts by weight” and
“wt %” unless otherwise indicated.

[0135] The measurement methods used in connection with
the examples are described below.

'H-NMR Measurement

[0136] The "H-NMR measurement was performed using
an NMR spectrometer “BRUKER-500" (manufactured by
BRUKER) (solvent: CDCl, or d-DMSO).

Gas Chromatography Measurement

[0137] The gas chromatography measurement was per-
formed using a gas chromatograph “GC2010” (manufac-
tured by Shimadzu Corporation) and a column “ZB-5”
(manufactured by Phenomenex). The quantitative determi-
nation was performed based on an internal standard method
using mesitylene.

Gel Permeation Chromatography (GPC) Measurement

[0138] The weight average molecular weight (Mw), the
number average molecular weight (Mn), and the molecular
weight distribution (Mw/Mn) of the polymer were deter-
mined as polystyrene-equivalent values by gel permeation
chromatography (GPC) measurement using a GPC system
“HLC-8220” (manufactured by Tosoh Corporation) (col-
umn: TSK-GEL G6000HHR, G5000HHR, G4000HHR, and
G2500HHR (manufactured by Tosoh Corporation) (that
were sequentially connected), eluent: tetrahydrofuran
(THFE)).
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Synthesis Example 1

[0139] A 300 mL three-necked flask was charged with
5.23 g (41 mmol) of metallic tellurium (manufactured by
Aldrich (hereinafter the same)) and 45 ml of THF in a
nitrogen atmosphere to prepare a suspension. The suspen-
sion was cooled to 0° C. with stirring. 45.0 mL (43.0 mmol)
of methyllithium (1.10 M diethyl ether solution, manufac-
tured by Kanto Chemical Co., Inc. (hereinafter the same))
was added dropwise to the suspension over 10 minutes while
cooling the suspension with stirring. After the dropwise
addition, the mixture contained in the three-necked flask was
stirred at room temperature (25° C.) for 20 minutes to obtain
a reaction solution in which the metallic tellurium had
completely disappeared.

[0140] 30 mL of a saturated NH,CI aqueous solution was
added to the reaction solution with stirring, and the mixture
was stirred for 1 hour in air. The organic layer was separated,
and sequentially washed with water and a saturated NaCl
aqueous solution. The organic layer (i.e., the reaction solu-
tion subjected to washing) was dried over anhydrous mag-
nesium sulfate, and filtered through Celite. The filtrate was
concentrated under reduced pressure, and the concentrate
was subjected to vacuum distillation (0.6 mmHg, 43° C.) to
obtain 2.48 g (yield: 42%) of dimethyl ditelluride as a brown
oily product.

[0141] The 'H-NMR data of the resulting dimethyl ditel-
luride is shown below.

[0142] 'H-NMR (500 MHz, CDCl,, TMS, 8 ppm) 2.67 (s,
6H)

Synthesis Example 2
[0143] A 300 mL three-necked flask was charged with

8.75 g (68.6 mmol) of metallic tellurium and 90 mL of THF
in a nitrogen atmosphere to prepare a suspension. The
suspension was cooled to 0° C. with stirring. 45.0 mL (72.0
mmol) of n-butyllithium (1.6 M hexane solution, manufac-
tured by Kanto Chemical Co., Inc. (hereinafter the same))
was added dropwise to the suspension over 10 minutes while
cooling the suspension with stirring. After the dropwise
addition, the mixture contained in the three-necked flask was
stirred at room temperature (25° C.) for 20 minutes to obtain
a reaction solution in which the metallic tellurium had
completely disappeared.

[0144] 50 mL of a saturated NH,CL aqueous solution was
added to the reaction solution with stirring, and the mixture
was stirred for 1 hour in air. The organic layer was separated,
and sequentially washed with water and a saturated NaCl
aqueous solution. The organic layer (i.e., the reaction solu-
tion subjected to washing) was dried over anhydrous mag-
nesium sulfate, and filtered through Celite. The filtrate was
concentrated under reduced pressure, and the concentrate
was subjected to vacuum distillation (0.2 mmHg, 84° C.) to
obtain 4.98 g (yield: 39%) of dibutyl ditelluride as a brown
oily product.

[0145] The 'H-NMR data of the resulting dibutyl ditellu-
ride is shown below.

[0146] 'H-NMR (500 MHz, CDCl,, TMS, 8 ppm) 0.93 (t,
J=7.4 Hz, 3H), 1.35-1.43 (m, 4H), 1.67-1.74 (m, 4H), 3.11
(t, J=7.4 Hz, 4H)

Example 1

[0147] A 300 mL three-necked flask was charged with
11.48 g (90 mmol) of metallic tellurium and 86 ml. of THF
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in a nitrogen atmosphere to prepare a suspension. The
suspension was cooled to 0° C. with stirring. 86.0 mL (94.5
mmol) of methyllithium (1.10 M diethyl ether solution) was
added dropwise to the suspension over 10 minutes while
cooling the suspension with stirring. After the dropwise
addition, the mixture contained in the three-necked flask was
stirred at room temperature (25° C.) for 20 minutes to obtain
a reaction solution in which the metallic tellurium had
completely disappeared.

[0148] The reaction solution was cooled to 0° C. with
stirring. 11.4 g (94.5 mmol) of allyl bromide (manufactured
by Tokyo Chemical Industry Co., Ltd. (hereinafter the
same)) was added to the reaction solution while cooling the
reaction solution with stirring. After reacting the mixture
contained in the three-necked flask for 2 hours with stirring,
the reaction solution was returned to room temperature.
[0149] The resulting reaction solution was sequentially
washed with deaerated water, a deaerated saturated NH,Cl
aqueous solution, and a deaerated saturated NaCl aqueous
solution. The organic layer (i.e., the reaction solution sub-
jected to washing) was dried over anhydrous magnesium
sulfate, and filtered through Celite in a nitrogen atmosphere.
The filtrate was concentrated under reduced pressure, and
the concentrate was subjected to vacuum distillation (33
mmHg, 55° C.) to obtain 6.55 g (yield: 40%) of 3-methyl-
tellanyl-1-propene as a yellow oily product.

[0150] The 'H-NMR data of the resulting 3-methyltella-
nyl-1-propene is shown below.

[0151] 'H-NMR (500 MHz, CDCl,, TMS, § ppm) 1.85 (s,
3H), 3.31 (d, J=8.5 Hz, 2H), 4.80 (d, J=9.0 Hz, 1H), 4.85 (d,
J=17.0 Hz, 1H), 5.90-5.99 (m, 1H)

Example 2

[0152] A 300 ml three-necked flask was charged with
6.38 g (50 mmol) of metallic tellurium and 50 mL of THF
in a nitrogen atmosphere to prepare a suspension. The
suspension was cooled to 0° C. with stirring. 48.6 mL (52.5
mmol) of phenyllithium (1.08 M cyclohexane-diethyl ether
solution, manufactured by Kanto Chemical Co., Inc.) was
added dropwise to the suspension over 10 minutes while
cooling the suspension with stirring. After the dropwise
addition, the mixture contained in the three-necked flask was
stirred at room temperature (25° C.) for 20 minutes to obtain
a reaction solution in which the metallic tellurium had
completely disappeared.

[0153] The reaction solution was cooled to 0° C. with
stirring. 6.35 g (52.5 mmol) of allyl bromide was added to
the reaction solution while cooling the reaction solution with
stirring. After reacting the mixture contained in the three-
necked flask for 2 hours with stirring, the reaction solution
was returned to room temperature.

[0154] The resulting reaction solution was sequentially
washed with deaerated water, a deaerated saturated NH,Cl
aqueous solution, and a deaerated saturated NaCl aqueous
solution. The organic layer (i.e., the reaction solution sub-
jected to washing) was dried over anhydrous magnesium
sulfate, and filtered through Celite in a nitrogen atmosphere.
The filtrate was concentrated under reduced pressure, and
the concentrate was subjected to vacuum distillation (2.0
mmnHg, 70° C.) to obtain 5.6 g (yield: 46%) of 3-phenyl-
tellanyl-1-propene as a yellow oily product.

[0155] The "H-NMR data of the resulting 3-phenyltella-
nyl-1-propene is shown below.
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[0156] 'H-NMR (500 MHz, CDCl,, TMS, 8 ppm) 3.63
(dd, 2H), 4.77 (d, 1=10.0 Hz, 1H), 4.83 (dd, =16.8 Hz, 1H),
6.03-6.12 (m, 1H), 7.18-7.78 (m, 5H)

Example 3

[0157] A 300 mL three-necked flask was charged with
3.76 g (29.5 mmol) of metallic tellurium and 38 ml of THF
in a nitrogen atmosphere to prepare a suspension. The
suspension was cooled to 0° C. with stirring. 19.4 mL (31.0
mmol) of n-butyllithium (1.6 M hexane solution) was added
dropwise to the suspension over 10 minutes while cooling
the suspension with stirring. After the dropwise addition, the
mixture contained in the three-necked flask was stirred at
room temperature (25° C.) for 20 minutes to obtain a
reaction solution in which the metallic tellurium had com-
pletely disappeared.

[0158] The reaction solution was cooled to 0° C. with
stirring. 5.0 g (31.0 mmol) of 3-bromocyclohexene (manu-
factured by Tokyo Chemical Industry Co., Ltd.) was added
to the reaction solution while cooling the reaction solution
with stirring. After reacting the mixture contained in the
three-necked flask for 2 hours with stirring, the reaction
solution was returned to room temperature.

[0159] The resulting reaction solution was sequentially
washed with deaerated water, a deaerated saturated NH,Cl
aqueous solution, and a deaerated saturated NaCl aqueous
solution. The organic layer (i.e., the reaction solution sub-
jected to washing) was dried over anhydrous magnesium
sulfate, and filtered through Celite in a nitrogen atmosphere.
The filtrate was concentrated under reduced pressure, and
the concentrate was subjected to vacuum distillation (1.0
mmHg, 82° C.) to obtain 4.47 g (yield: 57%) of 3-[(n-butyl)
tellanyl]-1-cyclohexene as a yellow oily product.

[0160] The 'H-NMR data of the resulting 3-[(n-butyl)
tellanyl]-1-cyclohexene is shown below.

[0161] 'H-NMR (500 MHz, CDCl,, TMS, 8 ppm) 0.92 (t,
J=7.5 Hz, 3H), 1.38 (dt, J=7.5 Hz, 14.8 Hz, 2H), 1.64-1.89
(m, 4H), 2.01-2.22 (m, 4H), 2.62-2.78 (m, 2H), 3.96-4.00
(m, 1H), 5.56-5.60 (m, 1H), 5.85-5.89 (nm, 1H)

Example 4

[0162] A 300 mL three-necked flask was charged with
3.39 g (26.6 mmol) of metallic tellurium and 25 mL of THF
in a nitrogen atmosphere to prepare a suspension. The
suspension was cooled to 0° C. with stirring. 25.1 mL (27.9
mmol) of methyllithium (1.11 M diethyl ether solution) was
added dropwise to the suspension over 10 minutes while
cooling the suspension with stirring. After the dropwise
addition, the mixture contained in the three-necked flask was
stirred at room temperature (25° C.) for 20 minutes to obtain
a reaction solution in which the metallic tellurium had
completely disappeared.

[0163] The reaction solution was cooled to 0° C. with
stirring. 5.0 g (27.9 mmol) of methyl 2-(bromomethyl)
acrylate (manufactured by Tokyo Chemical Industry Co.,
Ltd.) was added to the reaction solution while cooling the
reaction solution with stirring. After reacting the mixture
contained in the three-necked flask for 2 hours with stirring,
the reaction solution was returned to room temperature.
[0164] The resulting reaction solution was sequentially
washed with deaerated water, a deaerated saturated NH,Cl
aqueous solution, and a deaerated saturated NaCl aqueous
solution. The organic layer (i.e., the reaction solution sub-
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jected to washing) was dried over anhydrous magnesium
sulfate, and filtered through Celite in a nitrogen atmosphere.
The filtrate was concentrated under reduced pressure, and
the concentrate was subjected to vacuum distillation (1.0
mmHg, 52° C.) to obtain 2.3 g (yield: 36%) of methyl
2-(methyltellanylmethyl)acrylate as a yellow oily product.
[0165] The '‘H-NMR data of the resulting methyl 2-(meth-
yltellanylmethyl)acrylate is shown below.

[0166] 'H-NMR (500 MHz, CDCl,. TMS, 8 ppm) 1.91 (s,
3H), 3.74 (s, 2H), 3.76 (s, 3H), 5.54 (s, 1H), 6.18 (s, 1H)

Example 5

[0167] Ina glovebox in which the internal atmosphere had
been replaced by nitrogen, a 30 mL glass reaction vessel was
charged with 0.68 g (10 mmol) of isoprene (manufactured
by Tokyo Chemical Industry Co., Ltd. (hereinafter the
same)), 0.53 g (10 mmol) of acrylonitrile (manufactured by
Wako Pure Chemical Industries, Ltd. (hereinafter the
same)), 36.7 mg (0.20 mmol) of 3-methyltellanyl-1-propene
obtained in Example 1, 5.7 mg (0.02 mmol) of dimethyl
ditelluride obtained in Synthesis Example 1, 24.4 mg (0.10
mmol) of 1,1'-azobis(cyclohexane-1-carbonitrile) (manufac-
tured by Wako Pure Chemical Industries, Ltd. (hereinafter
the same)), and 0.24 g of mesitylene (manufactured by Wako
Pure Chemical Industries, Ltd. (hereinafter the same)) (gas
chromatography internal standard (hereinafter referred to as
“internal standard™)), and the mixture was stirred at 80° C.
for 16 hours to effect a polymerization reaction.

[0168] The resulting polymerization reaction product was
purified by evaporating a volatile component under reduced
pressure, and the purified product was dried to obtain an
isoprene-acrylonitrile random copolymer.

[0169] The conversion ratio of isoprene and the conver-
sion ratio of acrylonitrile determined by gas chromatography
were 93% and 84%, respectively.

[0170] The weight average molecular weight (Mw), the
number average molecular weight (Mn), and the molecular
weight distribution (Mw/Mn) of the isoprene-acrylonitrile
random copolymer determined by GPC (with respect to a
polystyrene standard sample) were 7,060, 6,130, and 1.15,
respectively.

[0171] It was found by 'H-NMR analysis that the iso-
prene-acrylonitrile random copolymer included a terminal
double bond in a ratio of 98%.

Example 6

[0172] A polymerization reaction was effected in the same
manner as in Example 5, except that 1,1'-azobis(cyclo-
hexane-1-carbonitrile) was not added, and light was applied
to the polymerization system during the polymerization
reaction using an LED lamp (output: 6 W, 5% ND filter was
used), to obtain an isoprene-acrylonitrile random copolymer.

[0173] The conversion ratio of isoprene and the conver-
sion ratio of acrylonitrile determined by gas chromatography
were 88% and 81%, respectively.

[0174] The weight average molecular weight (Mw), the
number average molecular weight (Mn), and the molecular
weight distribution (Mw/Mn) of the isoprene-acrylonitrile
random copolymer determined by GPC (with respect to a
polystyrene standard sample) were 6,730, 6,100, and 1.09,
respectively.
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[0175] It was found by 'H-NMR analysis that the iso-
prene-acrylonitrile random copolymer included a terminal
double bond in a ratio of 96%.

Example 7

[0176] A polymerization reaction was effected in the same
manner as in Example 5, except that dimethyl ditelluride
was not added, to obtain an isoprene-acrylonitrile random
copolymer.

[0177] The conversion ratio of isoprene and the conver-
sion ratio of acrylonitrile determined by gas chromatography
were 92% and 82%, respectively.

[0178] The weight average molecular weight (Mw), the
number average molecular weight (Mn), and the molecular
weight distribution (Mw/Mn) of the isoprene-acrylonitrile
random copolymer determined by GPC (with respect to a
polystyrene standard sample) were 8,690, 6,980, and 1.25,
respectively.

[0179] It was found by 'H-NMR analysis that the iso-
prene-acrylonitrile random copolymer included a terminal
double bond in a ratio of 98%.

Example 8

[0180] A polymerization reaction was effected in the same
manner as in Example 5, except that dimethyl ditelluride and
1,1'-azobis(cyclohexane-1-carbonitrile) were not added, and
the polymerization reaction time was changed to 72 hours,
to obtain an isoprene-acrylonitrile random copolymer.
[0181] The conversion ratio of isoprene and the conver-
sion ratio of acrylonitrile determined by gas chromatography
were 75% and 63%, respectively.

[0182] The weight average molecular weight (Mw), the
number average molecular weight (Mn), and the molecular
weight distribution (Mw/Mn) of the isoprene-acrylonitrile
random copolymer determined by GPC (with respect to a
polystyrene standard sample) were 4,160, 3,080, and 1.35,
respectively.

[0183] It was found by 'H-NMR analysis that the iso-
prene-acrylonitrile random copolymer included a terminal
double bond in a ratio of 97%.

Example 9

[0184] Ina glovebox in which the internal atmosphere had
been replaced by nitrogen, a 30 mL glass reaction vessel was
charged with 2.56 g (20 mmol) of n-butyl acrylate (manu-
factured by Wako Pure Chemical Industries, Ltd. (hereinaf-
ter the same)), 36.7 mg (0.20 mmol) of 3-methyltellanyl-1-
propene obtained in Example 1, 16.4 mg (0.10 mmol) of
azobisisobutyronitrile (manufactured by Wako Pure Chemi-
cal Industries, Ltd. (hereinafter the same)), and 0.24 g of
mesitylene (internal standard), and the mixture was stirred at
60° C. for 1 hour to effect a polymerization reaction.
[0185] The resulting polymerization reaction product was
purified by evaporating a volatile component under reduced
pressure, and the purified product was dried to obtain an
n-butyl acrylate polymer.

[0186] The conversion ratio of n-butyl acrylate deter-
mined by gas chromatography was 91%.

[0187] The weight average molecular weight (Mw), the
number average molecular weight (Mn), and the molecular
weight distribution (Mw/Mn) of the n-butyl acrylate poly-
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mer determined by GPC (with respect to a polystyrene
standard sample) were 18,970, 15,240, and 1.25, respec-
tively.

[0188] It was found by "H-NMR analysis that the n-butyl
acrylate polymer included a terminal double bond in a ratio
of 90%.

Example 10

[0189] In a glovebox in which the internal atmosphere had
been replaced by nitrogen, a 30 mL glass reaction vessel was
charged with 2.56 g (20 mmol) of n-butyl acrylate, 36.7 mg
(0.20 mmol) of 3-methyltellanyl-1-propene obtained in
Example 1, 16.4 mg (0.10 mmol) of azobisisobutyronitrile,
and 0.24 g of mesitylene (internal standard), and the mixture
was stirred at 60° C. for 1 hour to effect a polymerization
reaction. After the addition of 1.00 g (10 mmol) of methyl
methacrylate (manufactured by Wako Pure Chemical Indus-
tries. Ltd. (hereinafter the same)) and 28.5 mg (0.1 mmol) of
dimethyl ditelluride obtained in Synthesis Example 1 to the
reaction vessel, the mixture was stirred at 80° C. for 15 hours
to effect a polymerization reaction.

[0190] The resulting polymerization reaction product was
purified by evaporating a volatile component under reduced
pressure, and the purified product was dried to obtain an
n-butyl acrylate-methyl methacrylate block copolymer.
[0191] The conversion ratio of methyl methacrylate deter-
mined by gas chromatography was 100%.

[0192] The weight average molecular weight (Mw), the
number average molecular weight (Mn), and the molecular
weight distribution (Mw/Mn) of the n-butyl acrylate-methyl
methacrylate block copolymer determined by GPC (with
respect to a polystyrene standard sample) were 50,900,
29,600, and 1.71, respectively.

[0193] It was found by "H-NMR analysis that the n-butyl
acrylate-methyl methacrylate block copolymer included a
terminal double bond in a ratio of 88%.

Example 11

[0194] A polymerization reaction was effected in the same
manner as in Example 9, except that 2.08 g (20 mmol) of
styrene (manufactured by Tokyo Chemical Industry Co.,
Ltd. (hereinafter the same)) was used instead of n-butyl
acrylate, to obtain a styrene polymer.

[0195] The conversion ratio of styrene determined by gas
chromatography was 91%.

[0196] The weight average molecular weight (Mw), the
number average molecular weight (Mn), and the molecular
weight distribution (Mw/Mn) of the styrene polymer deter-
mined by GPC (with respect to a polystyrene standard
sample) were 10,860, 8,150, and 1.33, respectively.

[0197] It was found by "H-NMR analysis that the styrene
polymer included a terminal double bond in a ratio of 97%.

Example 12

[0198] Ina glovebox in which the internal atmosphere had
been replaced by nitrogen, a 30 mL glass reaction vessel was
charged with 2.08 g (20 mmol) of styrene, 36.7 mg (0.20
mmol) of 3-methyltellanyl-1-propene obtained in Example
1, 16.4 mg (0.10 mmol) of azobisisobutyronitrile, and 0.24
g of mesitylene (internal standard), and the mixture was
stirred at 60° C. for 1 hour to effect a polymerization
reaction. After the addition of 1.00 g (10 mmol) of methyl
methacrylate and 28.5 mg (0.1 mmol) of dimethyl ditelluride
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obtained in Synthesis Example 1 to the reaction vessel, the
mixture was stirred at 80° C. for 15 hours to effect a
polymerization reaction.

[0199] The resulting polymerization reaction product was
purified by evaporating a volatile component under reduced
pressure, and the purified product was dried to obtain a
styrene-methyl methacrylate block copolymer.

[0200] The conversion ratio of methyl methacrylate deter-
mined by gas chromatography was 100%.

[0201] The weight average molecular weight (Mw), the
number average molecular weight (Mn), and the molecular
weight distribution (Mw/Mn) of the styrene-methyl meth-
acrylate block copolymer determined by GPC (with respect
to a polystyrene standard sample) were 26,600, 18,800, and
1.41, respectively.

[0202] It was found by 'H-NMR analysis that the styrene-
methyl methacrylate block copolymer included a terminal
double bond in a ratio of 92%.

Example 13

[0203] A polymerization reaction was effected in the same
manner as in Example 5, except that 1.00 g (10 mmol) of
methyl methacrylate was used instead of acrylonitrile, to
obtain an isoprene-methyl methacrylate random copolymer.
[0204] The conversion ratio of isoprene and the conver-
sion ratio of methyl methacrylate determined by gas chro-
matography were 97% and 90%, respectively.

[0205] The weight average molecular weight (Mw), the
number average molecular weight (Mn), and the molecular
weight distribution (Mw/Mn) of the isoprene-methyl meth-
acrylate random copolymer determined by GPC (with
respect to a polystyrene standard sample) were 9,110, 7,530,
and 1.21, respectively.

[0206] It was found by 'H-NMR analysis that the iso-
prene-methyl methacrylate random copolymer included a
terminal double bond in a ratio of 96%.

Example 14

[0207] A polymerization reaction was effected in the same
manner as in Example 5, except that 1.28 g (10 mmol) of
n-butyl acrylate was used instead of acrylonitrile, to obtain
an isoprene-n-butyl acrylate random copolymer.

[0208] The conversion ratio of isoprene and the conver-
sion ratio of n-butyl acrylate determined by gas chromatog-
raphy were 99% and 87%, respectively.

[0209] The weight average molecular weight (Mw), the
number average molecular weight (Mn), and the molecular
weight distribution (Mw/Mn) of the isoprene-n-butyl acry-
late random copolymer determined by GPC (with respect to
a polystyrene standard sample) were 5,800, 4,700, and 1.23,
respectively.

[0210] It was found by 'H-NMR analysis that the iso-
prene-n-butyl acrylate random copolymer included a termi-
nal double bond in a ratio of 95%.

Example 15

[0211] A polymerization reaction was effected in the same
manner as in Example 5, except that 1.04 g (10 mmol) of
styrene was used instead of acrylonitrile, to obtain an
isoprene-styrene random copolymer.

[0212] The conversion ratio of isoprene and the conver-
sion ratio of styrene determined by gas chromatography
were 93% and 73%, respectively.
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[0213] The weight average molecular weight (Mw), the
number average molecular weight (Mn), and the molecular
weight distribution (Mw/Mn) of the isoprene-styrene ran-
dom copolymer determined by GPC (with respect to a
polystyrene standard sample) were 8,070, 6,580, and 1.19,
respectively.

[0214] It was found by 'H-NMR analysis that the iso-
prene-styrene random copolymer included a terminal double
bond in a ratio of 98%.

Example 16

[0215] Ina glovebox in which the internal atmosphere had
been replaced by nitrogen, a 30 mL stainless steel autoclave
was charged with 1.62 g (30 mmol) of 1,3-butadiene (manu-
factured by Tokyo Chemical Industry Co., Ltd.), 1.59 g (30
mmol) of acrylonitrile, 0.6 mg (0.003 mmol) of 3-methyl-
tellanyl-1-propene obtained in Example 1, 0.1 mg (0.0006
mmol) of dimethyl ditelluride, 1.5 mg (0.009 mmol) of
1,1'-azobis(cyclohexane-1-carbonitrile), and 0.24 g of mesi-
tylene (internal standard), and the mixture was stirred at 80°
C. for 21 hours to effect a polymerization reaction.

[0216] The resulting polymerization reaction product was
purified by evaporating a volatile component under reduced
pressure, and the purified product was dried to obtain a
butadiene-acrylonitrile random copolymer.

[0217] The conversion ratio of 1,3-butadiene and the con-
version ratio of acrylonitrile determined by gas chromatog-
raphy were 81% and 58%, respectively.

[0218] The weight average molecular weight (Mw), the
number average molecular weight (Mn), and the molecular
weight distribution (Mw/Mn) of the butadiene-acrylonitrile
random copolymer determined by GPC (with respect to a
polystyrene standard sample) were 332,300, 223,000, and
1.49, respectively.

[0219] It was found by '"H-NMR analysis that the butadi-
ene-acrylonitrile random copolymer included a terminal
double bond in a ratio of 96%.

Example 17

[0220] Ina glovebox in which the internal atmosphere had
been replaced by nitrogen, a 30 mL glass reaction vessel was
charged with 0.68 g (10 mmol) of cis-1,3-pentadiene (manu-
factured by Tokyo Chemical Industry Co., Ltd.), 0.53 g (10
mmol) of acrylonitrile, 1.2 mg (0.0067 mmol) of 3-methyl-
tellanyl-1-propene obtained in Example 1, 0.4 mg (0.0013
mmol) of dimethyl ditelluride, 0.8 mg (0.003 mmol) of
1,1'-azobis(cyclohexane-1-carbonitrile), and 0.24 g of mesi-
tylene (internal standard), and the mixture was stirred at 80°
C. for 38 hours to effect a polymerization reaction.

[0221] The resulting polymerization reaction product was
purified by evaporating a volatile component under reduced
pressure, and the purified product was dried to obtain a
cis-1,3-pentadiene-acrylonitrile random copolymer.

[0222] The conversion ratio of cis-1,3-pentadiene and the
conversion ratio of acrylonitrile determined by gas chroma-
tography were 76% and 36% S, respectively.

[0223] The weight average molecular weight (Mw), the
number average molecular weight (Mn), and the molecular
weight distribution (Mw/Mn) of the cis-1,3-pentadiene-
acrylonitrile random copolymer determined by GPC (with
respect to a polystyrene standard sample) were 89,400,
60,400, and 1.48, respectively.
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[0224] It was found by '"H-NMR analysis that the cis-1,
3-pentadiene-acrylonitrile random copolymer included a ter-
minal double bond in a ratio of 92%.

Example 18

[0225] A polymerization reaction was effected in the same
manner as in Example 5, except that 49.1 mg (0.2 mmol) of
3-phenyltellanyl-1-propene obtained in Example 2 was used
instead of 3-methyltellanyl-1-propene, and 8.2 mg (0.02
mmol) of diphenyl ditelluride (manufactured by Aldrich)
was used instead of dimethyl ditelluride, to obtain an iso-
prene-acrylonitrile random copolymer.

[0226] The conversion ratio of isoprene and the conver-
sion ratio of acrylonitrile determined by gas chromatography
were 91% and 82%, respectively.

[0227] The weight average molecular weight (Mw), the
number average molecular weight (Mn), and the molecular
weight distribution (Mw/Mn) of the isoprene-acrylonitrile
random copolymer determined by GPC (with respect to a
polystyrene standard sample) were 5,740, 5,010, and 1.15,
respectively.

[0228] It was found by 'H-NMR analysis that the iso-
prene-acrylonitrile random copolymer included a terminal
double bond in a ratio of 94%.

Example 19

[0229] A polymerization reaction was effected in the same
manner as in Example 5, except that 52.9 mg (0.2 mmol) of
3-[(n-butyl)tellanyl]-1-cyclohexene obtained in Example 3
was used instead of 3-methyltellanyl-1-propene, and 7.5 mg
(0.02 mmol) of dibutyl ditelluride obtained in Synthesis
Example 2 was used instead of dimethyl ditelluride, to
obtain an isoprene-acrylonitrile random copolymer.

[0230] The conversion ratio of isoprene and the conver-
sion ratio of acrylonitrile determined by gas chromatography
were 91% and 84%, respectively.

[0231] The weight average molecular weight (Mw), the
number average molecular weight (Mn), and the molecular
weight distribution (Mw/Mn) of the isoprene-acrylonitrile
random copolymer determined by GPC (with respect to a
polystyrene standard sample) were 7,770, 6,150, and 1.26,
respectively.

[0232] It was found by 'H-NMR analysis that the iso-
prene-acrylonitrile random copolymer included a terminal
double bond in a ratio of 99%.

Example 20

[0233] A polymerization reaction was effected in the same
manner as in Example 10, except that 48.3 mg (0.2 mmol)
of methyl 2-(methyltellanylmethyl)acrylate obtained in
Example 4 was used instead of 3-methyltellanyl-1-propene,
to obtain an isoprene-acrylonitrile random copolymer.
[0234] The conversion ratio of isoprene and the conver-
sion ratio of acrylonitrile determined by gas chromatography
were 86% and 76%, respectively.

[0235] The weight average molecular weight (Mw), the
number average molecular weight (Mn), and the molecular
weight distribution (Mw/Mn) of the isoprene-acrylonitrile
random copolymer determined by GPC (with respect to a
polystyrene standard sample) were 8,190, 5,570, and 1.47,
respectively.
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[0236] It was found by 'H-NMR analysis that the iso-
prene-acrylonitrile random copolymer included a terminal
double bond in a ratio of 85%.

Example 21

[0237] A polymerization reaction was effected in the same
manner as in Example 9, except that 3.14 g (20 mmol) of
2-(dimethylamino)ethyl methacrylate was used instead of
n-butyl acrylate, to obtain a 2-(dimethylamino)ethyl meth-
acrylate polymer.

[0238] The conversion ratio of 2-(dimethylamino)ethyl
methacrylate determined by gas chromatography was 83%.
The weight average molecular weight (Mw), the number
average molecular weight (Mn), and the molecular weight
distribution (Mw/Mn) of the 2-(dimethylamino)ethyl meth-
acrylate polymer determined by GPC (with respect to a
polystyrene standard sample) were 25,900, 19,300, and 1.34,
respectively.

[0239] It was found by "H-NMR analysis that the 2-(di-
methylamino)ethyl methacrylate polymer included a termi-
nal double bond in a ratio of 87%.

Comparative Example 1

[0240] Ina glovebox in which the internal atmosphere had
been replaced by nitrogen, a 30 mL glass reaction vessel was
charged with 28.7 mg (0.2 mmol) of copper(l) bromide
(manufactured by Wako Pure Chemical Industries, L[td.
(hereinafter the same)), 34.7 mg (0.2 mmol) of N,N,N',N",
N"-pentamethyldiethylenetriamine (manufactured by Wako
Pure Chemical Industries, Ltd.), 0.68 g (10 mmol) of iso-
prene, 0.53 g (10 mmol) of acrylonitrile, 24.2 mg (0.20
mmol) of allyl bromide, and 0.24 g of mesitylene (internal
standard), and the mixture was stirred at 80° C. for 15 hours
to effect a polymerization reaction.

[0241] The resulting polymerization reaction product was
purified by evaporating a volatile component under reduced
pressure, and the purified product was dried.

[0242] The conversion ratio of isoprene and the conver-
sion ratio of acrylonitrile determined by gas chromatography
were 21% and 27%, respectively.

[0243] The weight average molecular weight (Mw), the
number average molecular weight (Mn), and the molecular
weight distribution (Mw/Mn) of the resulting product deter-
mined by GPC (with respect to a polystyrene standard
sample) were 370, 360, and 1.04, respectively. It was thus
found that an oligomer was obtained by the polymerization
reaction.

Comparative Example 2

[0244] In a glovebox in which the internal atmosphere had
been replaced by nitrogen, a 30 mL glass reaction vessel was
charged with 28.7 mg (0.2 mmol) of copper(I) bromide, 34.7
mg (0.2 mmol) of N,N,N'N"N"-pentamethyldiethylenetri-
amine, 2 mL of toluene, 3.14 g (20 mmol) of 2-(dimethyl-
amino)ethyl methacrylate, 24.2 mg (0.20 mmol) of allyl
bromide, and 0.24 g of mesitylene (internal standard), and
the mixture was stirred at 80° C. for 15 hours to effect a
polymerization reaction.

[0245] The resulting polymerization reaction product was
purified by evaporating a volatile component under reduced
pressure, and the purified product was dried to obtain a
2-(dimethylamino)ethyl methacrylate polymer.
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[0246] The conversion ratio of 2-(dimethylamino)ethyl
methacrylate determined by gas chromatography was 42%.
[0247] The weight average molecular weight (Mw), the
number average molecular weight (Mn), and the molecular
weight distribution (Mw/Mn) of the 2-(dimethylamino )ethyl
methacrylate polymer determined by GPC (with respect to a
polystyrene standard sample) were 36,000, 13,300, and 2.71,
respectively. Specifically, the 2-(dimethylamino)ethyl meth-
acrylate polymer had a relatively wide molecular weight
distribution.

1. A radical polymerization initiator comprising an
organotellurium compound represented by a formula (1),

M
R4

R3 Te

= \Rl

R¢ R} R?

wherein R’ represents a group selected from an alkyl
group, a substituted or unsubstituted cycloalkyl group,
a substituted or unsubstituted aryl group, and

a substituted or unsubstituted heteroaromatic ring group,

each of R? and R? independently represents an atom or a
group selected from a hydrogen atom, an aliphatic
hydrocarbon group, a substituted or unsubstituted aryl
group, a substituted or unsubstituted heteroaromatic
ring group, a halogen atom,

a carboxyl group, a hydrocarbyloxycarbonyl group, a
cyano group, and an amide group, and each of R*, R>,
and R° independently represents an atom or a group
selected from a hydrogen atom, an aliphatic hydrocar-
bon group, a substituted or unsubstituted aryl group, a
substituted or unsubstituted heteroaromatic ring group,
a halogen atom,

a carboxyl group, a hydrocarbyloxycarbonyl group, a
cyano group, an amide group, and a group represented
by a formula (2),

provided that two groups selected from R? to RS are
optionally bonded to each other to form a ring other
than an aromatic ring,

@

Oct. 13, 2016

wherein R” represents a group selected from an alkyl
group, a substituted or unsubstituted cycloalkyl group,
a substituted or unsubstituted aryl group, and

a substituted or unsubstituted heteroaromatic ring group,
each of R® and R” independently represents an atom or
a group selected from a hydrogen atom,

an aliphatic hydrocarbon group, a substituted or unsub-
stituted aryl group, a substituted or unsubstituted het-
eroaromatic ring group, a halogen atom, a carboxyl
group,

a hydrocarbyloxycarbonyl group, a cyano group, and an
amide group, and the wavy line represents that the
group represented by the formula (2) is bonded to the
carbon atom included in the formula (1) that forms the
double bond.

2. A method for producing a polymer comprising subject-
ing a radically polymerizable monomer to radical polymer-
ization in a state in which the radical polymerization initiator
according to claim 1 is present in a polymerization system.

3. The method for producing a polymer according to
claim 2, wherein the radically polymerizable monomer is
subjected to radical polymerization in a state in which an
azo-based radical generator is further present in the polym-
erization system.

4. The method for producing a polymer according to
claim 2, wherein the radically polymerizable monomer is
subjected to radical polymerization in a state in which light
is applied to the polymerization system.

5. The method for producing a polymer according to
claim 2, wherein the radically polymerizable monomer is
subjected to radical polymerization in a state in which a
ditelluride compound represented by a formula (3) is further
present in the polymerization system,

R!°Te—TeR!! 3)

wherein each of R'° and R'! independently represents a
group selected from an alkyl group, a substituted or
unsubstituted cycloalkyl group, a substituted or unsub-
stituted aryl group, and a substituted or unsubstituted
heteroaromatic ring group.
6. A polymer obtained by the method for producing a
polymer according to claim 2.

7. A polymer obtained by the method for producing a
polymer according to claim 3.

8. A polymer obtained by the method for producing a
polymer according to claim 4.

9. A polymer obtained by the method for producing a
polymer according to claim 5.
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