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DESCRIPTION

POLYMER HAVING A SULFONIC GROUP OR A SULFONATE GROUP

AND AN AMIDE GROUP AND METHOD OF PRODUCING SAME

TECHNICAL FIELD

The present invention relates to: a polymer
having a sulfonic group or a derivative of the
sulfonic group; a method of producing the polymer;
and a novel compound for producing the polymer.

The present invention also relates to a charge
control agent, a toner for developing an
electrostatic charge image, an image forming method,
and an image forming apparatus using the toner used
for a repording method utilizing an
elecfrophotographic methéd, an electrostatic
recording method, a magnetic recording method, or the

like.

BACKGROUND ART

A polymer having a hydrophilic group such as a
sulfonic group is expected to find use in a wide
variety of applications.

In addition, the synthesis of such a polymer
containing a sulfonic group is generally limited to

one involving-the use of a specific vinyl monomer

’containing a sulfonic functional group. Specific
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examples of the monomer include sulfonated styrene
and AMPS (2-acrylamide-2-methylpropanesulfonic acid)
(for example, see JP-A 2002-351147).

DISCLOSURE OF THE INVENTION

In order to respond to the above expectation,
it has been desired to provide a method of
synthesizing a polymer‘containing the sulfonic group
from a monomer other than the specific vinyl monomer
described above and provision of a novel polymer
containing the sulfonic group.

In view of the above background art, an object
of the present invention is to provide: a polymer
into which a sulfonic group or a derivative thereof
is introduced; a method of producing the polymer; and
a compound for producing.the polymer.

‘The inventors of the present invention have
made extensive studies withla view to developing a
novel polymer into Which a hydrophilic group'or a
polar group, which is considered to be ueeful in

improving various kinds of functionalities, is

introduced. As a result, they have completed the

" invention shown below.

A polymer according to a first aspect of the
invention (corresponding to claim 1) is characterized
by including one or more units each having a

structure represented by the following chemical
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formula (1).

Riw Riy
AN
\ ' /
Ry =0
H—N
R

0))

(In the formula, R represents -A;-SOz;R;. Riy, Rix, and
R;y are selected from combinations described in the

5 followinglitéms (i) and (ii). For the item (i), A
and Ry are selected from combinations described in
the féllowing items (i-A) to (i-G). For the item
(1ii), A; and R; are selected from combinations
described in the following item (ii-A).

10 (i) Riy and Rjx each represent a hydrogen‘atom,
‘and Ry, represents a CH; group or a hydrogen étom.

(i-A) A, represents a methylene group, an

ethylene group, .a linear or branched alkylene group |
having 3 carbon atoms, an alkylene group having 4

15 carbon atoms selected from the chemical formulae
(101), an alkylene group having 5 carbon atoms
selected from the chemical formulae (402), a linear
or branched alkylene group having 6 to 8 carbon atoms,

an unsubstituted aromatic ring structure represented
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by the chemical formula (104a) or (104b), or an
unsubstituted heterocyclic structure. R; represents a
halogen atom or ORj,. Ria represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure.

(1-B) A; represents an unsubstituted aromatic
ring structure represented by the chemical formula
(105). Ry represents a halogen atom or ORiz. Ris
represents a methyl group, a linear or branched alkyl
group having 3 to 8 carbon atoms, a substituted or
unsubstituted aromatic ring structure, or é
substituted or unsubstituted heterocyclic structure.

(i-C) A; represents a branched alkylene gféup
having 4 carbon atoms represented by the chemical
formula (106). Rj represents a halogen atom or ORia.
Ria represents a linear or branched alkyl group having
3 carbon atoms, a branched alkyl group haviﬂg 4
cafbon atoms, a linear or branched alkyl group having
5 to 8 carbon atoms, a substituted or unsubstituted
aromatic ring sfructure, or a substituted or
unsubstituted heterocyclic structure.

(i-D) A; represents a branched alkylene group
having 4 carbon atoms represented by the chemical
formula (107). R; represents a halogen atom or ORQ.

Ria représents a linear or branched alkyl group having
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2 to 8 carbon atoms, a substituted or unsubstituted
aromatic ring structure, or a substituted or
unsubstituted heterocyclic structure.

(1-E) A, represents a substituted aromatic ring

structure. R; represents OH, a halogen atom, ONa, OK,

or ORi,. Rh represents a substituted or unsubstituted
aliphatic hydrocarbon structure, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure.

(1—-F) A; represents a substituted heterocyclic
structure. R; represents OH, a halogen atom, ONa, OK,
or ORia. Ria represents a substituted or unsubstituted
aliphatic hydrocarbon structure, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure.

(1-G) A; represents an unsubstituted naphthalene
structure. R; represents a halogen atom or ORjs. Ria
represents a substituted or unsubstituted aliphatic
hydrocarbon structure, a substituted or unsﬁbstituted
aromatic fing structure, or a substituted or
unsubstituted heterocyclic structure.

(1i) Ryy and Ryx each independently represent a
halogen atom or a hydrégen atom. Ry represents a CHs
group, a halogen atom, or a hydrogen atom. At least
one of Riw, Rix, and Ry, represents a halogen atom.

(ii-A) A; represents a substituted or

unsubstituted aliphatic hydrocarbon structure, a



WO 2005/108441 PCT/JP2005/009015

substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure. Ry represents OH, a halogen atom, ONa, OK,
or ORia. Rj. represents a substituted or unsubstituted
5 aliphatic hydrocérbon structure, a substituted or
unsubstituted aromatic ring structure, or a

substituted or unsubstituted heterocyclic structure.)
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A compound according to a second aspect of the
invention (corresponding to claim 17) is represented

by the chemical formula (617).

R617w . R617y

R617x O

5 R (617)
(In the formula, R represents —Amj—SOﬂ%rp Re17w, Re17xs
and Rei7y are selected from combinations described in
" the following items (i) and (ii). For the item (i),
Ae17 and Rgi7 are selected from combinations described

10 in the following items (i-A) to (i-G). For the item
(11), Ag7 and Rg7 are selected from combinations
'deséribed in the following item (ii-A).

(1) Rew and Rgix each represent a hydrogen atom,
and Rgny represents a CHz group or a hydrogen atom.

15 (i-A) A@7 represents a methylene group, an
ethylene group, a linear or branched alkylene group
having 3 carbon atoms, an alkylene group having 4
carbon atoms selected from the chemical formulae
(601), an alkylene group having 5 carbon atoms

20 selected from the chemical formulae (602), a linear
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or branched alkylene group having 6 to 8 carbon atoms,
an unsubstituted aromatic ring structure represented
by the chemical formula (604a) or (604b), or an
unsubstituted heterocyclic structure. Rgy represents
a halogen atom or éija. Rg17a represents a.

substituted or unsubstituted aliphatic hydrocarbon
structure, a substituted or unsubstituted aromatic
ring structure, or a substituted or unsubstituted
heterocyclic structure.

(i-B) Ag7 represents an unsubstitutea aromatic
ring structure represented by the chemical formula
(605). Ry represents a halogen atom or ORei7a. Reiva
represents a methyl group, a linear or branched alkyl
group having 3 to 8 carbon atoms, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure.

(1-C) Ag7 represents a branched alkylene group

having 4 carbon atoms represented by the chemical

formula (606). Rei represedts a halogen atom or ORei7a-

Re17a represents a linear or branched alkyl group
having 3 carbon atoms, a branched alkyl group having
4 carbon atoms, a linear or branched alkyl group
having 5 to 8 carbon atoms, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure.
(1-D) Ag7 represents a branched alkylene group

having 4 carbon atoms represented by the chemical
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formula (607) . Rg7 represents a halogen atom or ORgi7a.
Rg17a represents a linear or branched alkyl group
having 2 to 8 carbon atoms, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure.

(1-E) Ag17 represents a substituted aromatic
ring structure. Rgy represents OH, a halogen atom,
ONa, OK, or ORg7a. Rei7a represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic.ring structure,
or a substituted or unsubstituted heterocyclic
structure.

(1-F) A¢17 represents a substituted heterocyclid
structure. Regyy represents OH,.a halogen atom, ONa,
OK, or ORgi7a. Re17a represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure.

(1-G) Ag7 represents an unsubstituted
naphthalene structure. Rgy; represents a halogen atom
or ORg17a. Re17a represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a

substituted or unsubstituted aromatic ring structure,

- or a substituted or unsubstituted heterocyclic

structure.

(1i) Reiw and Rei7x each independently represent
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a halogen atom or a hydrogen atom. Rgi7y represents a A
CH; group, a halogen atom, or a hydrogen atom. At
least one of Reiwr Rei7xr and Rei7y represents a halogen
atom.

(1i-A) ' Ag17. represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure. Rg7 represents OH, a halogen atom, ONa,
OK, or ORgi7a. Re17a represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic

structure.)
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Hi CHy  |A617
| :

——N-—-CH,-CH-CH,+S0,—

(607)
A method of producing a polymer according to

the present invention (corresponding to claim 19) is
characterized by including polymerizing a compound
repreéented by the cheﬁical formula (617) to produce
a polymer having a unit represented by the chemical

formula (1).

R (617)

(In the formula, R represents =-Rg7-S02Re17. Reimwsr Re17xs
and Rei7y are selected from combinations described in
the following items (i) and (ii). For the item'(i),
Bg17 and Rg17 are selected from combinations described
in the following items (i-A) to (i-G). For the item
(ii), Ae7 and Rgp7 are selected from coﬁbinations
described in the following item (ii-A).

(1) Reiw and Rei7x each represent a hydrogen atom,
and Rei7y represents a CHs group or a hydrogen atom.

(1-A) Ag7 represents a methylene group, an
ethylene group, a linear or branched alkylene group

having 3 carbon atoms, an alkylene group having 4
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carbon atoms selected from the chemical formulae
(601), an alkylene group having 5 carbon atoms
selected from the chemical formulae (602), a linear

or branched alkylene group having 6 to 8 carbon atoms,

.an unsubstituted aromatic ring structure represented

by the chemical formula (604a) or (604b), or an
unsubstituted heterocyclic structure. Rg7 represents
a halogen atom or ORei7a. Reiva represenfs a
substituted or unsubstituted aliphatic hydrocarbon
structure, a substituted or unsubstituted aromatic
ring structure, or a substituted or unsubstituted
heterocyclic structure.

(1-B) Ae7 represents an unsubstituted aromatic
ring structure represented by the chemical formula
(605). Rei7 represents a halogen atom or ORg17a. Re17a
represents a methyl group, a linear or*branched alkyl
group having 3 to 8 carbon atoms, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure.

(i-C) Ag7 represents a branched alkylene group
having 4 carbon atoms represented by the chemical
formula (606)1' Re17 represents a halogen atom or OResi7a-
Re17a represents a linear or branched alkyl group
having 3 carbon atoms, a branched alkyl group having
4 carbon atoms, a linear or branched alkyl group
having 5 to 8 carbon atoms, a substituted or

unsubstituted aromatic ring structure, or a
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substituted or unsubstituted heterocyclic structure.

(1-D) Ag7 represents a branched alkylene group
having 4 carbon atoms represented by the chemical
formula (607). Rg7 represents a halogen atom or ORgi7a-.
Re17a represents a linear or branched alkyl group
having 2 to 8 carbon atoms, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyelic structure.

(1—-E) Ag7 represents a substituted aromatic
ring structure. Rgi7 represents OH, a halogen atom,
ONa, OK, or ORgi17a. Rgi7a represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure.

(i—~F) Re17 represents a substituted heterocyclic
structure. Rg7 represents OH, a halogen atom,‘ONa,
OK, or ORg17a- Re17a represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure.

(1-G) Ag7 represents an unsubstituted
naphthalene strueture. Re17 represents a halogen atom
or ORg17a- Rei7a represents a substituted or.
unsubstituted aliphatic hydrocarbon structure, a

substituted or unsubstituted aromatic ring structure,



WO 2005/108441 ) PCT/JP2005/009015

10

15

22

or a substituted or unsubstituted heterocyclic
structure.

{(11) Reimw and Rex each independently représent
a halogen atom or a hydrogen atom. Rei7y represents a
CH; group, a halogen atom, or a hydrogen atom. At
least one of Reius Rei7xr and Rgiyy represents a halogen
atom.

(1i-A) Ae17 represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure. Rg7 represents OH, a halogen atom, ONa,
OK, or ORg17a. Re17a represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic

structure.)
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R

(D

(In the formula, R represents -A;-SOzR;. Ry, Rix, and
Riy are selected from combinations described in the
following items (i) and (ii). For the item (i), A
aﬁd R; are selected from combinations described in
the following items (i-A) to (i-G). For thg item
(ii), A; and R; are selecte& from coﬁbinations
described in the following item (ii-2a). "

(i) Riw and Rjx each represent a hydrogen atom,
and Ryy représents a CHs group or a hydrogen atom.

(i-A) A; represents a methylene group, an
ethylene group, a linear or branched alkylene group
having 3 carbon atoms, an alkylene group having 4
carbon atoms selected from the chemical formulae

" (101), an alkylene group having 5 carbon atoms



WO 2005/108441 ) PCT/JP2005/009015

10

15

20

25

28

selected from the chemical formulae (402), a linear

or branched alkylene group having 6 to 8 carbon atoms,
an unsubstituted aromatic ring structure represented
by the chemical formula (104a) or (104b), or an
unsubstituted heterocyclic structure. R; represents a
halogen atom or ORji,. Rh.represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic iing structure,
or a substituted or unsubstituted hetefocyclic
structure.

(1-B) A; represents an unsubstituted aromatic
ring structure represented by the chemical formula
(105). R; represents a halogén atom or ORi;. B“
represents a methyl group, a linear or branched alkyl
group having 3 to 8 carbon atoms, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure.

(1-C) A; represents a branched aikylene'group
having 4 carbon atoms repreéented by the chemical
formula (106). R; represents a halogen atom or ORH;
Ria represents a linear or branched alkyl group having
3 carbon atomé, a branched alkyl group having 4
carbon atoms, a linear or branched alkyl group having
5 to 8 carbon atoms, a substituted or unsubétituted
aromatic ring structure, or a substituted or
unsubstituted heterocyclic structure.

(i-D) A; reéresents a branched alkylene group
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having 4 carbon atoms represented by the chemical
formula (107). R; represents a halogen atom or ORji,.
Ri;a. represents a linear or branched alkyl group having
2 to 8 carbon atoms, a substituted or unsubstituted
aromatic ring structure, or a substituted or
unsubstituted heterocyclic structure.

(i-E) A; represents a substituted aromatic ring
structure. R; represents OH, a halogeﬁ atom, ONa, OK,
or ORj;s. Rjs represents a substituted or unsubstituted
aliphatic hydrocarbon structure, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure.

(i-F) A; represents a substituted heterocyclic
structure.'lh rep;esents OH, a halogen atom, ONa, OK,
or ORja. Ria represents a substituted or unsubstituted
aliphatic hydrocarbon structure, a substituted or
unsubstituted aromatié ring structure, or a
substituted or unsubstituted heterocyclic structure.

(i-G) A; represents an.unsubstituted naphthalene
structure. R; represents a halogen atom or ORijs. Ris
represents a substituted or unsubstituted aliphatic
hydrocarbon étructure, a substituted or unsubstituted
aromatic ring structure, or a substituted or
unsubstituted heterocyclic structure.

(1i) Ryy and Rix each independently represent a
halogen atom or a hydrogen atom. R,y represents a CHs;

group, a halogen atom, or a hydrogen atom. At least
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one of Ry, Rix, and Rjy represents a halogen atom.
(1i-A) A; represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure. R; represents OH, a halogen atom, ONa, OK,
or ORia. Ria represents a substituted or unsubstituted
aliphatic hydrocarbon sfructure, a subétituted or
unsubstituted aromatic ring structure, or a

substituted or unsubstituted heterocyclic structure.)
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H Al

‘_"'fL‘é‘CHzéH"CHQ‘;“SOZ—

e AR AL AL ! (107)

A method of producing a polymer represented by
the chemical formula (16) according to the present
invention (corresponding to claim 20) is

5 characterized by including subjecting é polymer
having a unit represented by the chemical formula
(14) and at least one kind of amine compound
represented by the chemical formula (15) to a

condensation reaction to produce a polymer having a

10 unit represented by the chemical formula (16).

Roow R2oy

[ )
\ . /
Raox 0

R 20 (14)

(In the formula, Raoy and Rpox each independently
represent a halogen atom or a hydrogen atom. Ry
represents a CH; group, a halogen atom, or a hydrogen.

15 atom. Ry represents an H atom, an Na atom, or a K
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atom.)

HN — A — SOR,, .
(In the formula, Rp; represents OH, a halogen atom,
ONa, OK, or ORgzia. Az and Ry, each independently
represent a substituted or unsubstituted aliphatic
hydrocarbon structure, a substituted or unsubstituted
aromatic ring structure, or a substituﬁed or

unsubstituted heterocyclic structure.)

R 22w R 22y

[ \
T

Rox F——

H—N

(16)

{In the formula, R reﬁresenﬁs —A—-S02Rz2.  Razy and Ragy
each independently represent a halogen atom or a
hydrogen atomf Rzp2y represents a CH; group, a halogen
atom, or a hydrogen atom. Ry; represents OH, a
halogen atom, ONa, OK, or ORsz,. Ag and Rz, each
independently represent a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,

{
or a substituted or unsubstituted heterocyclic
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structure.)

A method of producing a polymer having a unit
represented by the chemical formula (18) according to
the present invention (corresponding to claim 25) is
characterized by including esférifying a polymer
having a unit represented by the chemical formula

(17) by using an esterifying agent.

R 23w R 23y

[ \

R an

(In the formula, R represents -A;;—SO,Rp3;. Ry3, and Ro3x
each independently represent a halogen atom or a
hydrogen atom. Rpsy represenfs a CHz group, a halogen
atom, or a hydrogen atom. Rp3; represents OH, a
halogen atom, ONa, or OK. A3 represents a
substituted or unsubstituted aliphatic hydrocarbon
structure, a substituted or unsubstituted aromatic
ring structure, or a substituted or unsubstituted

heterocyclic structure.)
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Pl S
~l_-

18

(In the formula, R represents —-A;;—SO3Rzs. Rosaw and Rogy
each independently represent a halogen atom or a
hydrogen atom. Ry represents a CHz group, a halogen
atom, or a hydrogen atom. Az and Rps each
independently represent a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure.)

A charge control agent for controlling'a
charged state of powder accdrding to the present
invention (corresponding to claim 28) is
characterized by including a polymer having a unit
haviﬁg a structure represented by the chemical

formula (19).
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P
\_

(19

(In the formula, R represents -RAys—SO02Rz5. Rosy, Rosx,
and Rysy are selected from combinations described in
the following items (i) and (ii). For the item (i),
Ays and Rys are selected from combinations described
in the following items (i-A) and (i-B). For the item
(1i), Bys and Ry are selected from combinations
described in the following -item (ii-A).

(1) Rgsy and Rasx each represent a hydrogen atom,
and Rpsy represents a CHs group or a hydrogenuatom.

(i—A) Ays represents a.substituted or
unsubstituted aliphatic hydrocarbon structure. Rgs
repreéents a halogen atom or ORgsa. Rysa represents a
substituted or unsubstituted aliphatic hydrocarbon
structure, a substituted or unsubstituted aromatic
ring strucfure, or a substituted or unsubstituted
heterocyclic structure.

(1-B) Ass represents'a substituted or

unsubstituted aromatic ring structure, or a
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substituted or unsubstituted heterocyclic‘structure.
Rys represents OH, a halogen atom, ONa, OK, or ORjs,.
R,s, represents a substituted or unsubstituted
aliphatic hydrocarbon structure, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure.

(i1) Rgsw and Rysx each independently represent a
halogen atom or a hydrogen atom. Rpsy fepresents a CHj
group, a halogen atom, or a hydrogen atom. At least
one of Rysy, Rasx, and Rgpsy represents a halogen atom.

(1i-A) Ays represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring strucﬁure,
or a substituted or unsubstituted heterocyclic
structure. Ros represents OH, a halogen atom, ONa, OK,
or ORjsa. Rpzsa represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstitutgd aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure.)

A charge control agent for controlling a
charged staté of powder according to the present
invention is characterized by containing at least one
kind of polymer containing one or more units each
having the structure represented by the chemical
formula (1).

A toner for developing an electrostatic charge
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image according to the present invention is
characterized by containing at least: a binder resin;
a colorant; and a charge control agent having a
structure represented by the chemical formula (1) or
the chemical formula (19).

According to the present invention, an image
forming method is provided including at least the
steps of: applying a voltage from an oﬁtside to a
charging member to charge an electrostatic latent
image-bearing member; forming an electrostatic charge
image on the charged electrostatic latent'image—
bearing member; developing the electrostatic charge
image with toner for developing an electrostatic
charge image to form a toner image on the
electrostatic latent image-bearing member;
transferring the toner imagé on the electrostatic
latent image-bearing member onto a recording

material; and fixing the toner image on the recording

material under heating, wherein the toner for

developing an electrostatic charge image having the
aboveAstructure is used.

Accordihg to the‘present invention, an image
forming apparatus is provided including at least: a
means for externally apRlying a voltage to a charging
member to charge an electrostatic latent image-
bearing member; a means for forming an electrostatic

charge image on the charged electrostatic latent
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image-bearing meﬁber; a means for developing the
electrostatic charge image with toner for developing
an electrostatic charge image to form a toner image
on the electrostatic latent image-bearing member; a

5 means for transferring the toner image on the |
electrostatic latent image-bearing member onto a
recording material; and a means for fixing the toner
image on the recording material under ﬁeating,
wherein the toner for developing an electrostatic

10 Acharge image having the above structure is used as
the toner for developing an electrostatic charge

image.

EFFECT OF THE INVENTION

15 The present invention provides a polymer into
which a sulfonic group or a derivative of the
sulfonic group is introduced, a method of producing

the same, and a compound for producing the polymer.

20 BRIEF DESCRIPTION OF THE DRAWINGS
'Fig. 1 is a schematic view for explaining an
image formind apparatus used in each of Examples 31
to 36 and Comparative Examples 7 to 12.
Fig. 2 is a sectional view of a main part of a
25 developing device for a two-component developer used
in each of Examples 31 to 36 and Comparative Examples

7 to 12.
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Fig. 3 is a schematic view for explaining an
image forming apparatus having a toner reuse
mechanism used in each of Examples 37 to 39 and
Comparative Examples 13 to 15.

Fig. 4 is a sectional view of a main part of a
developing device for a one-component developer used
in each of Examples 37 to 39 and Comparative Examples
13 to 15. |

Fig. 5 is an exploded perspective view of a
main part of a fixing device used in each example of
the present invention.

Fig. 6 is an enlarged sectional view of the
main part of the fixing device ﬁsed in each example
of the present invention showing a film state at the
time of non-driving.

Fig. 7 is a schematic view showing a blow-off

charge amount measuring device for measuring a charge

amount of toner.

Fig. 8 shows a lH—NMRichart of the compound L-1
synthesized in Example-L—l.

-Fig. 9 shows a 1H-NMR chart of the polymer
produced in Example N-2, having a unit represented by

the formula N-2.

BEST MODE FOR CARRYING OUT THE INVENTION
(Polymer and compound according to the present

invention)
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(1) A polymer according to a first invention is‘
characterized by including one or more units each
having a structure represented by the chemical

formula (1).

R]w Rw
[ |
\ l /
Ru ——0
H—N
R

M

(In the formula, R represents -A;—-SO;R;. Riu, Rix, and
Ry are selected from combinations described in ﬁhe
following items (i) and (ii). For the item (i), A
and R; are selected from combinations described in
10 the following items (i-A) to (i—G).. For the_item
(11), A; and R; are selected'frém combinations
described in the following item (ii-A).
.(i) Riy and Rix each represent a hydrogen atom,
and Ry repreéents a CH3 group or a hydrogen atom.
15 (i-A) A; represents a methYlene group, an
ethylene group, a linear or branched alkylene group
having 3 carbon atoms, an alkylene group having 4
carbon atoms selected from the chemical formulae

(101), an alkylene group having 5 carbon atoms
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selected from the chemical formulae (402), a linear
or branched alkylene group having 6 to 8 carbon atoms,
an unsubstituted aromatic ring structure represented
by the chemical formula (104a) oxr (104b), or an

5 unsubstituted heterocyclic structure. R; represents a
halogen atom or ORj,. Rj. represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic'ring structure,
or a substituted or unsubstituted hetexocyclic

10 structure.

(i-B) A; represents an unsubstituted aromatic
ring structure represented by the chemical formula
(105). R; represents a halogen atom or ORjs. Ria
represents a methyl group, a linear or branched alkyl

15 group having 3 to 8 carbon atoms, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure.

(i-C) A; represents a branched alkyleng group
having 4 carbon atoms repreéented by the chemical

20 formula (106). R; represents a halogen atom or ORia.
Rh,répresents a linear or branched alkyl group having
3 carbon atoms, a branched alkyl group having 4
carbon atoms, a linear or branched alkyl group having
5 to 8 carbon atoms, a substituted or unsubstituted

25 aromatic ring structure, or a substituted or
unsubstituted heterocyclic structure.

(1-D) A; represents a branched alkylene group
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having 4 carbon atoms represented by the chemical
formula (107). R; represents a halogen atom or ORi,.
Ri, represents a linear or branched alkyl group having
2 to 8 carbon atoms, a substituted or unsubstituted
aromatic ring structure, or a substituted or
unsubstituted heterocyclic structure.

(i-E) A, represents a substituted aromatic ring
structure. R; represenfs OH, a halogen atom, ONa, OK,
or ORja. Ria represents a substituted or unsubstituted
aliphatic hydrocarbon structure, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure.

(1-F) A; represents a substituted heterocyclic
structure. R; represents OH, a halogen atom, ONa, OK,
or ORja. Rj, represents a substituted or unsubstituted -
aliphatic hydrocarbon structure, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure.

(i-G) A; represents an.unsubstituted naphthalene
structure. R; represents a halogen atom or ORi,. Ria
repreéents a substituted or unsubstituted aliphatic
hydrocarbon étructure, a substituted or unsubstituted
aromatic ring structure, or a substituted or
unsubstituted heterocyclic structure.

(1i) Riw and Rix each independently represent a
halogen atom or a hydrogen atom. Riy represents a CHj

group, a halogen atom, or a hydrogen atom. At least
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one of Riy, Rix, and Riy represents a halogen atom.
(1i-A) A; represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure. R; represents OH, a halogeh atom, ONa, OK,
or ORja. Ria represents a substituted or unsubstituted
aliphatic hydrocarbon étructuré, a substituted or
unsubstituted aromatic ring structure, or a

substituted or unsubstituted heterocyclic structure.)
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A1 (105)
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‘ H Al
—N--CHyCH-CH,~S0,—
e e ' (107)

In the present invention, when multiple kinds
of units selected from the above combinations are
present in the polymer, the respective units are

5 independent from each other. That is,:the present
invention includes the case where the polymer is
comprised of the same kind of unit and the case where
the polymer is comprised of units different from each
other.

10 (2) A polymer according to a second invention
is characterized in that the structure represented by
the chemical formpla (1) corresponds to the chemical

formula (2).

Row R2y
(| )
Vo /
R 2x —0
H———N
|
R

(2)

15 (In the formula, R represents -A;-SO;R;. Ry, and Ryx
each represent a hydrogen atom, and Ryy represents a

CHs group or a hydrogen atom. A; represents a
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methylene group, an ethylene group, a linear or
branched alkylene group having 3 carbon atoms, an
alkylene group having 4 carbon atoms represented by
the chemical formula (401), an alkylene group having
5 5 carbon atoms represented by the chemical formula
(502), a linear or branched alkylene group having 6
to 8 carbon atoms, an unsubstituted aromatic ring
structure represented by the chemicalnformula (409a)
or (409b), or an unsubstituted heterocyclic structure.
10 R, represents a halogen atom or ORz,. Rpa represents a
linear or branched alkyl group having 1 to 8 carbon

atoms, or a substituted or unsubstituted phenyl

group.)
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L A2
SO2R; (409a)
' A2
SOzRz (409b)
5 (3) A polymer according to a third invention is

characterized in that the structure represented by
the chemical formula (1) corresponds to the chemical

formula (5).

R 5w R sy
( \
\ ‘ /
Rsx ——0
\H——N
I
R

(5)

10 (In the formula, R represents —-As—SO;Rs. Rsy-and Rsy

each represen’t a hydrogen atom, and Rsy represents a

CH; group or a hydrogen atom. As represents an
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unsubstituted aromatic ring structure represented by
the chemical formula (110). Rs represents a halogen
atom or ORsis. Rsa represents a methyl group, a linear
or branched alkyl group having 3 to 8 carbon atoms,

5 or a substituted or unsubstituted phenyl group.)

O

A5

I —Z

(110)

(4) A polymer according to a fourth invention
is characterized in that the structure represented by
the chemical formula (1) corresponds to the chemical

10 formula (6).

(6)

(In the formula, R represents =-Ag-SO;R¢. Rg, and Ry

each represent a hydrogen atom, and R¢y, represents a
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CH3; group or a hydrogen atom. BAg represents é
branched alkylene group having 4 carbon atoms
represented by the chemical formula (406). Rg
represents a halogen atom or ORg,. Rgs represents a
linear or branched alkyl group having 3 carbon atoms,
a branched alkyl group having 4 carbon atoms, a
linéar or branched alkyl group having 5 to 8 carbon

atoms, or a substituted or unsubstituted phenyl

group.)
i (|3H3
————N{—(I;—CHZ%SOZ—
i CHs a6

(406)
(5) A polymer according to a fifth invention is
characterized in that the structure represented by
the chemical formula (1) corresponds to the chemical

formula (7).

(7)
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(In the formula, R represents -A;-SO;R;. Ry, and Ry
each represent a hydrogen atom, and Ry, represents a
CH3 group or a hydrogen atom. A; represents a
branched alkylene group having 4 carbon atoms
represented by the chemical formula (407). Ry
represents a halogeh atom or ORy,. Rya represents a
linear or branched alkyl group having 2 to 8 carbon

atoms, or a substituted or unsubstitutéd phenyl

group.)

H

—N—CHyCH-CH,+80,—
""""""""" ' (407)

CH, ' A7

(6) A polymer according to a sixth invention is
characterized in that the structure represented by
the chemical formula (1) corresponds to the chemical

formula (8).
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R203w Rz
[ \
\ ' /

Raosx F—0

H—N

R203a \ R203e
R203b R2034

R203c ®

(In the formula, Ryosw and Rposx each represent a
hydrogen atom, and Rjpsy represents a CHs; group or a

hydrogen atom. At least one of Raoza; Raosbs Raoser Rzo3ar

and Rypze represents SOzRze3s (Rao3s represents OH, a

halogen atom, ONa, OK, or ORgpsp- Rmmlrepresgnts a
linear or branched alkyl gréup having 1 to 8 carbon
atoms, or a substituted or unsubstituted phenyl
group;) . Each of Rzozar R203bs Ra203cr Rzo3za, and Rppze is
selected from a hydrogen atom, a halogen atom, an
alkyl group having 1 to 20 carbon atoms, an alkoxy
group having 1 to 20 carbon atoms, an OH group, an
NH, group, an NO; group, COORzo3g (Rz03q represents an H
atom, an Na atom, or a K atom.), an acetamide group,

an OPh group, an NHPh group, a CF3 group, a CyFs group,
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and a C3F7 group. Up to three of Raosa; Reosbr Roose, Ra2o3dy
and Rzo3e can.represeht hydrogen atoms.)

(7) A polymer according to a seventh invention
is characterized in that the structure represented by
the chemical formula (1) corresponds to the chemical
formula (507).

Rso7w  Rsozy

(1 \
\’ /

Rsorx  —0

"

R (507)

(In the formula, R represents —-Asp7—SOsRsg7. Rsorw and
Rsg7x each represent a hydrogen atom, and‘Rmny
represents a CHsz group or a hydrogen atom. Asyy
represents a substituted heterocyclic structure. Rsg7 —
represents OH, a halogen atom, ONa, OK, or ORsg7a.
Rsma represents a linear or branched alkyl group
having 1 to 8 carbon atoms,'or a substituted or
unsubstituted phenyl group.)

(8) A polymer according to an eighth invention
is characterized in that the structure represented by

the chemical formula (1) corresponds to the chemical

formula (50%9a) or (509b).
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Rsoow R 509y

f )
\ | /

R 509x

R 5054 (509a)

(In the formula, Rsgew and Rsgex each represent ‘a
hydrogen atom, and Rspsy represents a CHj group or a
hydrogen atom. One of Rsosa; Rsosbs Rsoser Rsosas Rsoses

5 Rsoor, and Rspeg represents SOzRsese (Rseso represents a
halogen atom or ORsgos. R5%s'represents a linear or
branched alkyl group having 1 to 8 caibon atoms, or a
substituted or unsubstituted phenyl group.). The

others represent hydrogen atoms.)

Rsoov R 509z

T

Rsoey F—0.

H——N R509n
R,sogh// R soom
Rs00 . "R 5001

R509; Rsook

10 (509b)
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(In the formula, Rspey and Rsgey each represent a
hydrogen aﬁom, and Rsge, represents a CH; group or a
hydrogen atom. One of Rsoon, Rsosis Rs@jr Rsogx, Rspor,
Rsoon, and Rspon represents SOzRspeq (Rspeg represents a
5 halogen atom or ORsgst. Rsper represents a linear or
branched alkyl group having 1 to 8 carbon atoms, or a
substituted or unsubstituted phenyl group.). The
others represent hydrogen atoms.)
(9) A polymer according to a ninth invention is
10 characterized in that the structure represented by
the chemical formula (1) corresponds to the chemical

formula (9a) or (9b).

Riow Rioy

H—

R 101

RiOe

R o (98)

(In the formula, Ripw and Rjox each represent. a
15 hydrogen atom, and Rjoy represents a CHs group or a

hydrogen atom. At least one of Ripa; Riobsr Rioer Rioar
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Rioer Riog, and Rigg represehts SO2R100 (Rigo represents OH,
a halogen atom, ONa, OK, or ORjps. Rigs represents a
linear or branched alkyl group having 1 to 8 carbon
atoms, or a substituted or unsubstituted phenyl
group.). Each of Rioa; Rion, Rioer Rioar Riocesr Rios, and
Rigg is selected from a hydrogen atom, a halogen atom,
an alkyl group having 1 to 20 carbon atoms, an alkoxy
group having 1 to 20 carbon atoms, an OH group, an

NH, group, an NO; group, COORiop (Rigp represents an H
atom, an Na atom, or a K atom.), an acetamide group,
an OPh group, an NHPh group, a CF; group, a CyFs group,
and a C3Fy group. Up to five of Riga; Riopsr Rioesr Ruiods

Riger Rios, and Rygy can represent hydrogen atoms.)

Riov Rz
{ \
\ | /
R 10u ——0
H N Rion
R 10h R 1om
N
R0i R 101
R10] R]Dk

(9b)

(In the formula, Rigyv and Rjg, each represent a

hydrogen atom, and Rijo, represents a CHs; group or a
hydrogen atom. At least one of Rion, Rioir Riojr Riok,
Rig1, Riomy and Rion represents SO;R10q (Rioq represents OH,

a halogen atom, ONa, OK, or ORip. Riot represents a
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linear or branched alkyl group having 1 to 8 carbon
atoms, or a substituted or unsubstituted phenyl
group.). Each of Rion, Rioi, Riojr Rioks Rioi, Riom, and
Rion is selected from a hydrogen atom, a halogen atom,
an alkyl group having 1 to 20 carbon atoms, an alkoxy
group having 1 to 20 carbon atoms, an OH group, an
NH, gfoup, an NO; group, COORior (Rior represents an H
atom, an Na atom, or a K atom.), an acetamide group,
an OPh group, an NHPh group, a CF3 group, a C,;Fs group,
and a C3Fy group. Up to five of Rion, Rioir Riojr Riok,
Rioi, Rioms and Rjon can represent hydrogen atoms.)

(10) A polymer according to a ténth invention
is characterized in that the structure represented by
the chemical formula (1) corresponds to the chemical

formula (10).

R 16w R 16y
[ \
\ ‘ /
Rigx F——0
H—N
SOZRIM
CH,

(10)

(In the formula, Riew and Riex each represent a

hydrogen atom, and Risy represents a CH; group or a
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hydrogen atom. Risa represents OH, a halogen atom,
ONa, OK, or ORig. Rigp represents a linear or
branched alkyl group having 1 to 8 carbon atoms, or a
substituted or unsubstituted phenyl group.)

5 (11) A polymer according to an eleventh
invention is characterized in that the strﬁcture
represented by the chemical formula (1) corresponds

to the chemical formula (11).

Rizw Ry

an

10 ‘(In the t"ormula,‘R”w and Rw; each represent a
hydrogen atom,. and Ri;y represents a CH; group or a
hydrogen atom. Ri7a represents a halogen atom or ORjup.
Ri7p répresenﬁs a linear or branched alkyl group
having 1 to 8 carbon atoms, or a substituted or

15 unsubstituted phenyl group.)

(12) A polymer according to a twelfth.invention

is characterized in that the structure represented by

the chemical formula (1) corresponds to the chemical
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formula (12).

Risw Risy
{ \
\ , /
R18x ——0
H—N
SO,R 14,
0
|
CH,

(12)

(In the formula, Rigy and Rigy each represent a
hydrogen atom, and Rigy represents a CH; group or a

5 hydrogen atom. Rjgy represents OH, a halogen atom,
ONa, OK, or ORigp. Rigy represents a linear or
branched alkyl group having 1 to 8 carbon atoms, or a
substituted or unsubstituted phenyl group.)

. (13) A polyﬁer accordiﬁg to a thirteenth

10 invention is characterized in that the structure

represented by the chemical formula (1) corresponds

to the chemical formula (13).
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Riow Rigy
[ \
\ l !
Riw —0
H—N 30,R g,
=
NN
(13)

(In the formula, Rjsw and Riex each represent a
hydrogen atom, and Rigy represents a CH; group or a
hydrogen atom. Rjsa represents OH, a halogen atom,

5 ONa, OK, or ORisph. Rigp represents a linear or
branched alkyl group having 1 to 8 carbon atoms, or a
substituted or unsubstituted phenyl group.)

(14) A polymer according to a fourteenth
invention is characterized in that the strqcture
10 represented by the chemicai formula (1) corresponds

to the chemical formula (301).

R301w R.301y
[ \
\ \ /
R301x '—‘O )
H—N
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(In the formula, R represents -Azp~SO2R301. Rzpiy and
R301x each independently represent a halogen atom or a
hydrogen atom, and Ry represents a CHz group, a
halogen atom, or a hydrogen atom. At least one of
5 Rsoiws Rsoix, and Rspiy represents a halogen atom. Asp
represents a substituted or unsubstituted aliphatic
hydrocarbon structure, a substituted or unsubstituted
aromatic ring structure, or a substituted or
unsubstituted heterocyclic structure. R3¢ represents
10 OH, a halogen atom, ONa, OK, or ORszgpia. Rai01a
represents a linear or branched alkyl group having 1
to 8 carbon atoms, or a substituted or unsubstituted
phenyl group.)
(15) A polymer according to a fifteenth
15 invention is characterized by further including at
least one unit derived from a vinyl-based monomer
represented by the chemical formula (108) in addition

to the unit repreéented by the chemical formula (1).

Riosw Riosy
AR
\ 1 ' -/
Ri0ax R
108x 7108 (108)
20 (In the formula, Riosw and Riggx each independently

represent a halogen atom or a hydrogen atom, and Riggy

represents a CH3 group, a halogen atom, or a hydrogen
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atom. Rjos represents a hydrogen atom, a substituted
or unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
a substituted or unsubstituted heterocyclic structure,
5 a halogen atom, -CO-Ripga, —O~Ripsb, —COO-Rigge, —OCO-Ripgq,

—CONRy1ogeR108¢, —CN, or a ring structure containing an N
atom. Riosas Riosbr Rioscr Riosar Rioge,; @and Ripss each
independently represent a hydrogen atom, a
substituted or unsubstituted aliphatic hydrocarbon

10 structure, a substituted or unsubstituted aromatic
ring structure, or a substituted or unsubstituted
heterocyclié structure.)

It is a matter of course that the 15th
invention can be applied to any one of the 2nd to

15 14th invention.

(16) A polymer according to a sixteenth
invention is characterized in that the polymer
according.to any one of the first to fifteenth
invention has a number avefage molecular weight of

20 1,000 to 1,000,000.

(17) A compound according to a seveﬂteenth

invention is characterized by being represented by

the chemical formula (617).



WO 2005/108441 PCT/JP2005/009015

10

15

20

72

R (617)

(In the formula, R represents -Ae17-SORe17. Rei7y, Re17x ¢
and Rei7y are selected from combinationé described in
the following items (i) and (ii). For‘the item (i),
Ag17 and Rgip are selected from combinations described
in the following items (i-A) to (i-G). For the item
(ii), RAgi7 and Rgp are selected from combinations
described in the following item (ii-A).

(1) Reimw and Rgiy éach represent a hydrogen atom,
and Regi17y represents a CH3 group or a hydrogen atom.

(1-A) Ag7 represents a methylene group, an
ethylene group, allinear or branched alkylene group
having 3 carbon atoms, an alkylene group having 4
carbon atoms selected from the chemical formulae
(601), an alkylene group having 5 carbon atoms
selected from the chemical formulae (602), a linear
or branched alkylene group having 6 to 8 carbon atoms,
an unsubstituted aromatic ring structure represented
by the chemical formula (604a) or (604b), or an
unsubstituted heterocyclic structure. Rep represents
a halogen atom or ORgi7a. Rgi7a represents a
substituted or unsubstituted aliphatic hydrocarbon

structure, a substituted or unsubstituted aromatic
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ring structure, or a substituted or unsubstituted
heterocyclic structure,

(1-B) Ag7 represents an unsubstituted aromatic
ring structure represented by the chemical formula
(605) . Rg7 represents a halogen atom or ORgi7a. Rei7a
represents a methyl group, a linear or branched alkyl
group having 3 to 8 carbon atoms, a sﬁbstituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure.

(1~-C) Ag17 represents a branched alkylene group
having 4 carbon atonis represented by the chemical
formula (606). Rerr represents.a halogen atom or ORgi7a.
Re17a represents a linear or branched alkyl group
having 3 carbon atoms, a branched alkyl group having
4 carbon atoms, a linear or branched alkyl group
having 5 to 8 carbon atoms, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic st;ucture.

(1-D) Ag17 represents a.branched alkylene group
having 4 carbon atoms represented by the chemical
formula (607) . Rg17 represents‘a halogen atoﬁ or ORgi17a-
Re17a represenfs a linear or branched alkyl group
having 2 to 8 carbon atoms, a substituted or
unsubstituted aromatic riné structure, or a
subsﬁituted or unsubstituted heterocyclic structﬁre.

(i-E) Ae17 represents a substituted aromatic

ring structure. Reg7; represents OH, a halogen atom,
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ONa, OK, or ORei7a. Rei17a represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
Structure.

(1-F) Ag7 represents a substituted heterocyclic
structure. Rg7 represents OH, a halogen atom, ONa,
OK, or ORg17a. Rei7a represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure.

(1-G) Ag17 represents an unsubstituted
naphthalene structure. Re¢17 represents a halogen atom
or OReg17a. Re17a represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure.

(11) Re17w and Rgi7x each independently represent
a halogen atom or a hydrogen atom. Re17y .represents a
CH3; group, a halogen atom, or a hydrogen atom. At
least one of Rgi7w; Re17x, and Re17y represents a halogen
atom.

(1i-A) Aﬂ7’represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a

substituted or unsubstituted aromatic ring structure,
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or a substituted or unsubstituted heterocyclic
structure. Re7 represents OH, a halogen atom, ONa,
OK, or ORe17a. Re17a represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a

5 substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic

structure.)



WO 2005/108441

'——N—CHyCHy-CHy"CHy+S0,—

H o TGH;
—N—:-(IB—é-SOz—
CHs & ag17
W |
i iso—
/CIH\ §A6]7
Hoe CH; !

PCT/JP2005/009015

...................

H: CH, | A617

——N-+CH—CHy CH,+S0,—

.........

(601)



WO 2005/108441

PCT/JP2005/009015

77

A617

------------------------ I
T ?Ha L AG17 ! CH, CHy
——N--CH,-CH~CHj CH2*802 ’éHS L A6
'T (I3H3 """" | A617 Toﬁs """ :
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N-{CHy Gy CH-CHyfS0,— TN CHy 50—
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I b
——N—TCHZ CH,CH, CH-80,— | CHy A617
................... T
HiCH3CHy  agt7 | geeeemmeeeemy
R ——N-+CH—CH-50,—
—N-+CH-CH~CH,+S0,—
CH3 CHy|
Hi CHz  CHs! 617 |
| | CHa! A617
—N‘;—CH—CHz-CH*SOz— oo
------------------- H CHs!
TE CHs (I3H3 A617 ] 3;
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b : CHa:
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(605)
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H CHz | A617

—N—CH, CH-CH,+80,—

"""""""""" (607)

(18) A compound according to an eighteenth
invention is characterized in that the compound
represented by the chemical formula (617) has a

5 structure represented by the chemical formula (618).

RG18W Rs-,ay

(618)
(In the formula, R represents -RAgg~SORe15. Reigwy Re1sx s
and Reigy are selected from combinations described in
the following items (i) and (ii). For the itgm (1),
10 Ags and Rgig are selected froﬁ combinations described
in the following items (i-A) to (i-D). For the item
(ii), Agg and Rgi1s are selected from combinations
described in the following item (ii-A).
(1) Reigw and Regigx each represent a hydrogen atom,
15 and Reigy represents a CH3 group or a hydrogen atom.
(1-A) Agg represents a methylene group; an

ethylene group, a linear or branched alkylene group

having 3 carbon atoms, an alkylene group having 4
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carbon atoms selected from the chemical formulae
(701), an alkylene group having 5 carbon atoms
selected from the chemical formulae (702), a linear

or branched alkylene group having 6 to 8 carbon atoms,
an unsubstituted aromatic ring structure, or an
unsubstituted heterocyclic structure. Rgig represents
a halogen atom or ORgigsa. Reisa represehts a methyl
group, an ethyl group, or a phenyl group.

(1-B) Aeis represents a branched alkylene group
having 4 carbon atoms represented by the chemical
formula (706). Rgis represents a halogen atom or ORgiga.
Rei1sa represents a phenyl group.

(1-C) Ass represents a branched.alkylene group
having 4 carbon atoms represented by the chemical
formula (707). Reis represents a halogen atom, OK, or
ORg1sa- Reisa represents an ethyl group or a phenyl
group.

(1-D) Aeg represents a substituted aromatic
ring structure or a substitﬁted heterocyclié
structure. Rﬂsirepresents OH, a halogen atom, ONa,
OK, or OReisa. Reisa represents a methyl group, an
ethyl group, or a phenyl group.

(ii) Regigw and Rgigx each independently represent
a halogen atom or a hydrogen atom. Re1sy represents é
CH; group, a halogen atom, or a hydrogen atom. At
least one of Rgisw, Reisx, and Re1gy represents a halogen

atom.
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(1i-A) Ags represents a-substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aroﬁatic ring structure,
or a substituted or unsubstituted heterocyclic

5 structure. Rgg represents OH, a halogen atom, ONa,
OK, or ORegiga- Rgma represents a methyl group, an

ethyl group, or a phenyl group.)
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T ______________________
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o s' (ltH
——N—g—cI:'—on%soz——
P CHs | Ag1s
L8 (706)
H """ (';ﬁ?; """ | AG18
P i
——N—-CH,-CH-CH,+S0,—
R ' (707)

(Production method)

In éddition, the polymer having the unit
represented by the chemical formula (1) can be
produced by polymerizing the compound according to
the seventeenth invention, that is, the compound
represented by the chemical formula (617).

A method of producing a polymer aqcording to a
twentieth invention is charécterized by including
subjecting a polymer having a unit represented by the
chemical formula (14) and at least one kind of amine
compound repfesented by the chemical formula (15) to
a condensation reaction to produce a polymer having a

unit represented by the chemical formula (16).
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R20w RZOY

B

Rao ——0

R 20 (14)

(In the formula, Ryo, and Ryox each independently
represent a halogen atom or a hydrogen atom. Raoy
represents a CH3 group, a halogen atom, or a hydrogen
atom. Ry represents an H atom, an Na atom, or a K

atom.)

N — A SORy
(In the formula, R;; represents OH, a halogen_atom,
ONa, OK, or ORz1a. Ay and Rﬁa each independently
represent’ a substituted or unsubstituted aliphatic
hydroéarbon structure, a substituted or unsubstituted
aromatic ring.structure, or a substituted or

unsubstituted heterocyclic structure.)
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(16)

(In the formula, R represents -A;—-S0:Rzs. Rasy and Rooy
each independently represent a halogen atom or a
hydrogen atom. Rz, represents a CHz group, a halogen
atom, or a hydrogen atom. R;; represents OH, a
halogen atom, ONa, OK, or ORzz.. Az and Rooa each
independently represent a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,

or a substituted or unsubstituted heterocyclic

' structure.)

In the method of producing the polymer having
the unit represented by the chemical formula (16), a
condensation égent is pféferably used to form an
amide bond in an identical reaction field.

A phosphoric acid-based condensation agent can
be used as the condensation agent in this case. For
example, at least one selected from a phosphite-based

condensation agent, a phosphorus chloride-based
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condensation agent, a phosphoric anhydride-based
condensation agent, a phosphate-based condensation
agent, and a phosphoric amide-based condensation
agent can be used as the phosphoric acid-based
condensation agent. In addition, the condensation
reaction can be performed in the presence of pyridine.
A method of producing a polymer having a unit
represented by the chemical formula (18) according to

a twenty-fifth invention is characterized by

.including esterifying a polymer having a unit

represented by the chemical formula (17) by using an
esterifying agent to produce the polymer having the

unit represented by the chemical formula (18).

R 23w R 23y

CL

R an

(In the formﬁla, R represents -Az3-SO03Rz3. Rg3, and Raag
each independently represent a halogen atom or a
hydrogen atom. Rp3y represents a CH; group, a halogen
atom, or a hydrogen atom. Ry; represents OH, a
halogen atom, ONa, or OK. BAp; represents a

substituted or unsubstituted aliphatic hydrocarbon
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structure, a substituted or unsubstituted aromatic
ring structure, or a substituted or unsubstituted

heterocyclic structure.)

R 24w R 24y

| \

Pl S
pa —

Rax F——0
H—N
R (18)
5 (In the formula, R represents -Ay;—SOs3Rzs. Rygy and Roay

each independently represent a halogen atom or a
hydrogen atom. R4y represents a CH; group, a halogen
atom, or a hydrogen atom. A,; and Rys each
independently represent a substituted or
10 unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubsti£uted heterocyclic
structure.)
Examples of the esterifying agent used in the
15 method of producing the polymer having the unit
represented by the chemical formula (18) include
trimethylsilyldiazomethane, trimethyl orthoformate,
and triethyl orthoformate.
Examples of an approach to synthesizing a

20 sulfonic acid-containing polymer include an approach
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involving introducing a corresponding chemical
structure into water-soluble polyacrylamide through
an amide exchange reaction. In this approach, the
acrylamide structure as a raw material may remain in
5 a polymer to be obtained. Therefore, in this
approach there is room for improvement. The present
invention is more useful than the approach.
(Charge control agent) ‘
A charge control agent for controlling a
10 charged state of powder according to a twenty-eighth
invention is characterized by including a polymer
having a unit having a structure represented by the

chemical formula (19).

R 25w R 25y

[ \
A /

R 25x ——0

R (19)

15 (In the formﬁla, R represents =-R;5—-SOzR35. Rosy, Rosx,
and-R%y are selected from combinations described in
the following items (i) and (ii). For the item (i),
Azs and Rys are selected from combiﬁations described
in the following items (i-A) and (i-B). For the item

20 (ii), Ays and Rys are selected from combinations
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described in the following item (ii-A).

(1) Rosy and Rasy each represent a hydrogen atom,
and Rzsy represents a CH3 group or a hydrogen atom.

(i-A) Dys reﬁresents a substituted or
unsubstituted aliphatic hydrocarbon structure. Rys
represents a halogen atom or ORjs.. Ross represents a
substituted or unsubstituted aliphatié hydrocarbon
structure; a substituted or unsubstitufed aromatic
ring structure, or a substituted or unsubstituted
heterocyclic structure.

(i-B) Ajs represents a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure.
Ros répresénts OH, a halogen atom, ONa, OK, or ORasss.
Rzsa represents a substituted or unsubstituted
aliphatic hydrocarbon structure, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic st;ucture.

(ii) Rasy and Rasy each independently represent a
halogen atoﬁ or a hydrogen atom. R%§ represents a CHj

group; a halogen atom, or a hydrogen atom. At least

“one of Rpsy, Rasx, and Rzsy represents a halogen atom.

(1i-A) Ays represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic

structure. Rzs represents OH, a halogen atom, ONa, OK,
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or ORzs,. Ryss represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure.)

in addition, the powder is preferably a toner
for developing an electrostatic charge image.

(Image forming method) A

An image forming method according to a thirty-
second invention is characterized by including the
steps of: externally applying a voltage to a charging
member to charge an electrostatic latent image-
bearing member; forming an electrostatic charge.image
on the charged electrostatic latent image-bearing
member; developing the electrostatic charge image
with toner for developing an electrostatic charge
image to form a toner image on'the electrostatic
latent image-bearing member; transferring the toner
image on the electrostatic latent image-bearing
member onto a recording material; and fixing the
toner image on the recording material under heating.
The image forming ﬁethod is characterized in that the
toner having.the above constitution is used.

In the image forming method described above, a
transferring step may be employed which is composed
of two steps of: a first transferring step of

transferring the toner image on the electrostatic
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latent image-bearing member onto an intermediate
transfer member; and a second transferring step of
transferring the toner image on the intermediate
transfer member onto the recording material.

(Image forming apparatus)

An image forming apparatus according to a
thirty-third invenfion is characterized by including
the following means: means for externally applying a
voltage to a charging member to charge an
electrostatic latent image-bearing member; means for
forming an electrostatic charge image on the charged
electrostatic latent image-bearing member; means for
developing the electrostatic charge image with toner
for developing an electrostatic charge image to form
a toner image on the electrostatic latent image-
bearing member; means for transferfing the toner
image on the electrostatic latent image-bearing
member onto a recording material; and means for
fixing the toner image on the recording material
under heating.

The image forming apparatus is characterized in
that the toner for developing an electrostatic charge
image according to claim 31 is used for developing an
electrostatic charge image.

The transferring means in the image forming
apparatus may be composed of two means: a first

transferring means for transferring the toner image
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on the electrostatic latent image-bearing member onto
an intermediate transfer member and a second
transferring means for transferring the toner image
on the intermediate transfer member onto the
recording material.

(More specific method of producing polymer
according to the present invention)

Hereinafter, the present invention will be
described in more detail by way of preferred
embodiments. The polymer according to the present
invention having each of the structures described
above shows very excellent properties as a charge
control agent, and has a high safety for a human body
and environments. Furthermore, the polymer shows a
remarkable advantage when used in toner for
developing an electrostatic charge image, containing
the charge confrol agent. The toner for developing
an electrostatic charge image also shows a remarkable
advantage when used in an iﬁage forming apparatus
having a certain developing system. The following
method can be exemplified for a method of producing
the polymer.

For example, a polymer having a unit
represented by the éhemical formula (16) can be

produced by a reaction of a polymer having a unit

" represented by the chemical formula (14) to be used

as a'starting material with at least one compound
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represented by the chemical formula (15).

Raow R 20y

T~
~—

R20x

R 20 (14)

{In the formula, Ry, and Ryx each independently
represent a halogen atom or a hydrogen atom. Ry
represents a CHs group, a halogen atom, or a hydrogen
atom. Ryp represents an H atom, a Na atom, or a K
atom. When multiple units exist, Riy, Raouw, Roox, and
Ryoy each independently have the above meaning for

each unit.)

HN — A — SO.R
2 2 T g

(In the formula, R;; represents OH, a halogen atom,

ONa, OK, or ORzia. A1 and Rp;a each independently

represent a substituted or unsubstituted aliphatic
hydrocarbon structure, a substituted or unsubstituted
aromatic ring structure, or a substituted or

unsubstituted heterocyclic structure.)
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(16)

(In the formula, R represents -Ay;-SOzR:. Rooy and RQZ;
each independently represent a halogen atom or a
hydrogen atom. Rpy, represents a CH; group, a halogen
atom, or a hydrogen atom. Ry, represents OH, a
halogen atom, ONa, OK, or ORpza. Az and Ry, each
independently represent a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure. Wheﬁ multiple units exist, R, Anf R22, Raoa,
Roowr Ra22x, and Ry, each indeﬁendently have the above
meaning for each unit.)

(Method of producing polymer having unit
represented by chemical formula (14))

A polymer having a carboxyl group represented
by. the chemical formula (14) can be produced as a
copolymer having a vinyl-based monomer unit.
represented by the chemical formula (108) in addition

to the chemical formula (14) by using a



WO 2005/108441 PCT/JP2005/009015

98

conventionally known polymerization method and

polymer reaction.

R2ow R0y
N
Raox F——0
0
R 20

(14)

(In the formula, Ry and Rygx each independently

5 represent a halogen atom or a hydrogen atom. Rooy
represents a CH; group, a halogen atom, or a hydrogen
atom. Ryo represents an H atom, an Na atom, or a K
atom. When multiple units exist, Ryp, Raoows Raox, and
Raoy each independently have the above meaning for

b

10  each unit.)

Riosw Riosy

H—H

R108x R 108

(108)

(Iﬁ the formula, Ripsw and Rigsx each independently
represent a halogen atom or a hydrogen atom, and Riosy

represents a CH; group, a halogen atom, or a hydrogen
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atom. Rios represents a hydrogen atom, a substituted

or unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic fing structure,
a substituted or unsubstituted heterocyclic structure,
a halogen atom, -CO-Rjpga, —O-Riogp, ~CO0-Rip8c, —OCO-Rigga,
—CONRN%Rmsﬁ -CN, or a ring structure containing an N
atom. Riosar Riosn; Riosc, Riosar Riose; and Rygee each
represent a hydrogen atom, a substitutéd or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure. When multiple units exist, Rigs, Riosa, Riosp,
Riogsesr Riosar Rioser Riose, Riosws Rigsx, and Riogy each
independently have the above meaning for each unit.)
Examples of the vinyl-based monomer represented
by the chemical formula (108) include: styrene and
derivatives thereof such as styrene, o—methylstyrene,
m-methylstyrene, p-methylstyrene, p—methoxys?yrene,
p-phenylstyrene, p—chlorostyiene, 3,4-dichlorostyrene,
p-ethylstyrene, 2,4-dimethylstyrene, p-n-butylstyrene,
p-tert-butylstyrene, p-n-hexylstyrene, p—n;
octylstyrene,'p—n—nonylstyrene, p-n-decylstyrene, and
p-n-dodecylstyrene; ethylene unsaturated monoolefins
such as ethylene, propylene, butylepe, and
isobutylene; halogenated vinyls such as vinyl
chloride, vinylidene chloride, vinyl bromide, and

vinyl fluoride; vinyl esters such as vinyl acetate,
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vinyl propionate, and vinyl benzoate; a-methylene
aliphatic monocarboxylates such as methyl
methacrylate, ethyl methacrylate, propyl methacrylate,
n-butyl methacrylate, isobutyl methacrylate, n-octyl
methacrylate, dodecyl methacrylate, 2-ethylhexyl
methacrylate, stearyl methacrylate, phenyl
methacrylate, dimethylaminoethyl methacrylate, and
diethylaminoethyl methacrylate; acrylates such as
methyl acrylate, ethyl acrylate, n-butyl acrylate,
isobutyl acrylate, propyl acrylate, n-octyl acrylate,
dodecyl acrylate, 2-ethylhexyl aérylate, stearyl
acrylate, 2-chloroethyl acrylate, and phenyl
acrylate; vinyl ethers such as vinyl methyl ether,
vinyl ethyl ether, and vinyl isobutyl ether; vinyl
ketones such as vinyl methyl ketone, vinyl hexyl
ketone, and methyl isopropenyl ketone; N-vinyl
compounds such as N—vinylpyrroie, N-vinylcarbazole,
N-vinylindole, and N-vinylpyrrolidone; vinyl
naphthalenes; and acrylic/méthacrylic acid
derivatives such as acrylonitrile, methacrylonitrile,
and acrylamide.

‘As an example of a polymer having a carboxyl
group represented by the chemical formula (14), a
copoymer of methacrylate and methacrylic acid or a
copolmyer of acrylate and acrylic acid having a
carboxyl group obtained by partially hydrolyzing a

homopolymer of methacrylate or acrylate may be cited.
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In addition, a copolymer of another
polymerizable monomer and an acrylate or methacrylate
is synthesized, and is deesterified in the same
manner as that described above, whereby a copolymer
having a carboxyl group can be easily obtained.

A copolymer having a carboxyl group can also be
obtained by directly polymerizing acrylic acid or
methacrylic acid and another polymerizable monomer.

(Compound represented by chemical formula (15))

An example of the compound represented by the
chemical formula (15) to be used in the pfesent

invention includes the following.

N — A S0Ry
(In the formula, Ry repfesents OH, a halogen atom,
ONa, OK, or ORpzia. Az and Ryia each independently
represent a substituted or unsubstituted aliphatic
hydrocarbon structure, a substituted or unsugstituted
aromatic ring structure, or a substituted or
unsubstituted heterocyclic structure.) More
specifically, Ay represents a linear or branched
alkylene group having 1 to 8 carbon atoms, a
substituted or unsubstituted phenyl group, a
substituted or unsubstituted naphthyl group, or a
substituted or unsubstituted heterocyclic structure

containing one or more of N, S, and O. When A,
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represents a ring structure, an unsubstituted ring
may be further condensed.

Specific examples of the linear or branched
alkylene group having 1 to 8 carbon atoms represented
by A;; include 2-aminoethanesulfonic acid (taurine),
3-aminopropanesulfonic acid, 4-aminobutanesulfonic
acid, 2-amino-2-methylpropanesulfonic acid, and
alkali metals thereof.

When A;; represents' a substituted or
unsubstituted phenyl group, the compound is

represented by the chemical formula (26).

NH

2

RZ%

R264

Rase C(26)

(In the formula, at least Qﬂe of Raear Razsps R2ecs Roea,

- and Rgpge represents SO,Rzer (Raes represents OH, a

halogen atom, ONa, OK, or ORzen. Raen represents a
substituted or unsubstituted aliphatic hydrocarbon
structure, a substituted or unsubstituted aromatic
ring structure, or a substituted or unsubstituted
heterocyclic structure.). Rg%, Roepr R26cr Raga, and Rage
are each independently selected from a hydrogen atom,

a halogen atom, an alkyl group having 1 to 20 carbon
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atoms, an alkoxy group having 1 to 20 carbon atoms,
an OH group, an NH, group, an NO; group, COOR3¢4 (Ragg
represents an H atom, an Na atom, or a K atom.), an
acetamide group, an OPh group, an NHPh group, a CFs
group, a CzFs group, and a C3F7gr6up.)

Examples of the compound represented by the

chemical formula (26) include: various

aminobenzenesulfonic acid derivatives and salts

thereof such as p-aminobenzenesulfonic acid
(sulfanilic acid), m-aminobenzenesulfonic acid, o-
aminobenzenesulfonic acid, m-toluidine-4-sulfonic
acid, o-toluidine-4-sulfonic acid sodium salt, p-
toluidine-2-sulfonic acid, 4-methoxyaniline-2-
sulfonic acid, o-anisidine-5-sulfonic acid, p-
anisidine-3-sulfonic acid, 3-nitroaniline-4-sulfonic

acid, 2-nitroaniline-4-sulfonic acid sodium salt, 4-

nitroaniline-2-sulfonic acid sodium salt, 1,5-

dinitroaniline—4-suifonic acid, 2—aminopheno;—4—
hydroxy-5-nitrobenzenesulfonic acid,v2,4—
dimethylaniline-5-sulfonic acid sodium salt, 2,4-
dimethylaniline-6-sulfonic acid, 3,4-dimethylaniline-
5-sulfonic aéid, 4-isopropylaniline-6-sulfonic acid,
4-trifluoromethylaniline-6-sulfonic acid, 3-carboxy-
4-hydroxyaniline-5-sulfonic acid, and 4-
carboxyaniline-6-sulfonic acid; and esterified

products such as methyl esterified products and

.phenyl esterified products of various
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aminobenzenesulfonic acid derivatives and salts
thereof such as 2-aminobenzenesulfonic acid methyl
ester, 4-aminobenzenesulfonic acid ﬁethyl ester, 2-
aminobenzenesulfonic acid phenyl ester, and 4-
5 aminobenzenesulfonic acid phenyl ester.
When A;; represents a substituted or
unsubstituted naphthyl group, the compound is

represented by the chemical formula (27a) or (27b).

R arg Co(27a)

10 (In the formula, at least one of Rz7a, Ra7p, Rave, Ra74,
R27e; Ro7g, and Ry7g represents SO2R276 (Ra7, represents OH,
a halogen atom, ONa, OK, or'ORzk. R27s represents a
substituted or unsubstituted aliphatic hydrocarbon
structure, a substituted or unsubstituted aromatic

15 ring structure, or a substituted or unsubstituted
heterocyclic structure.). R27ar Remos Razes, Rava, Rove,
R27¢, and Rpyyq are each independently selected from a
hydrogen atom, a halogen atom, an alkyl group having
1 to 20 carbon atoms, an alkoxy group having 1 to 20

.20  carbon atoms, an OH group, an NH, group, an NO, group,
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COORz7p (Rz7p represents an H atom, an Na atom, or a K
atom.), an acetamide group, an OPh group, an NHPh

group, a CF3 group, a C,Fs group, and a Ci3Fy group.)

NHZ Rotn
Ramh l Romn
Rari Ra7i
Rati R 2 71)
5 (In the formula, at least one of Ran, Ra27i, Ra7y, Ravg,

R271, Ramm, and -Ryqp represents SOﬁQnI(qu represents OH,
a halogen atom, ONa, OK, or ORy7:. R27t represents a
substituted or unsubstituted aliphatic hydrocarbon
structure, a substituted or unsubstituted aromatic

10 ring structure, or a substituted or unsubstituted
heterocyclic structure.). Rz, R27i, Ro7y, Ra7x, Rapa,
R27m, and Ry, are each independently selected from a
hydrogen atom, a halogen atom, an alkyl group having
1 to 20 carbon atoms, an alkoxy group having'l to 20

15 carbon atoms, an OH group, an NH; group, an NO, group,
COOR27r (Ro7e represents an H atom, an Na atom, or a K
atom.), an acetamide group, an OPh group, an NHPh
group, a CF3 group, a CyFs group, and a C3F; group.)

Examples of the compound represented by the

20 chemical formula (27a) or (27b) includé: various

naphthylamineSulfonic acid derivatives and salts

thereof such as l-naphthylamine-4-sulfonic acid, 1-
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naphthylamine-5-sulfonic acid, l-naphthylamine-6-
sulfonic acid, l-naphthylamine-7-sulfonic acid, 1-
naphtylamine-8-sulfonic acid, 2-naphthylamine-1-

sulfonic acid, 2-naphthylamine-5-sulfonic acid, 1-

5 naphthylamine-2-ethoxy-6-sulfonic acid, l-amino-2-
naphthol-4-sulfonic acid, 6-amino-l1-naphthol-3-
sulfonic acid, l-amino-8-naphthol-2,4-disulfonic acid
Monosodium salt, and l-amino-8—naphthol—3,6—
disulfonic acid Monosodium salt; and esterifiéd

10 4products such as methyl esterified products and
phenyl esterified products of various
naphthylaminesulfonic acid derivatives and salts
thereof :such as l-naphthylamine-8-sulfonic acid
methyl ester, 2-naphthylamine-l-sulfonic acid methyl

15 ester, l-naphthylamine-8-sulfonic acid phenyl ester,
and 2—naphthylamine—l—sglfonic acid phenyl ester.

When Ajs represents a substitﬁted or
unsubstituted heterocyclic structure containing one
or more of N, S, and O, exaﬁples of the ring'include

éO a pyridine ring, a piperazine ring, a furan ring, and
a thiol ring.

(Method of producing polymer having one or more
units each represented by chemical formula (16) in
molecule) -

25 A condensation reaction of a polymer having a
unit represented by the chemical formula (14) with an

aminosulfonic acid compound represented by the
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chemical formula (15) in the present invention will
be described below in detail.

Examples of an available method for a
condensation reaction of a carboxyl group with an
amino group include: a method which involves using a
condensation'agent; a method which involves forming a
salt and performing condensation throﬁgh a
dehydration reaction; and a method which involves
using a dehydrating agent.

A method which involves using a condensation
agent as a production method of the present invention
will be described in detail.

A phosphoric acid-based condensation agent, a
carbodiimide-based condensation agent, or the like
can be used as the condensation agent. Examples of
an available phosphoric acid-based condensation agent
include a phosphite-based condensation agent, a
phosphorus chloride-based condensation agent, a
phosphoric anhydride-based condensation agent, a
phosphate-based condensation agent, and a phosphoric
amide-based condensation agent. A phosphite-based
condensation agent is preferably used in the reaction
in the present invention. Examples of a phosphite
used herein include, triphenyl phosphite, trimethyi
phosphite, triethyl phosphite, diphenyl phosphite,
tri-o-tolyl phosphite, di-o-tolyl phosphite, tri-m-
tolyl phosphite, di-m-tolyl phosphite, tri-p-tolyl
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phosphite, di—p—tolyl phosphite, di-o-chlorophenyl
phosphite, tri-p-chlorophenyl phosphite, and di-p-
chlorophenyl phosphite. Of these, triphenyl
phosphite is preferably used.

The amount of the condensation agent to be used

"is 0.1-fold mole or more, or preferably l-time mole

or more with respect to the compound fepresented by
the chemical formula (15).
A condensation agent it;elf can also be used as a
reaction solvent. |

The amount of the compound répresented by the
chemical formula (15) to be used in the method is in
the range of 0.1 to 50.0-fold moles, or preferably
1.0 to 20.0-fold moles with respect to the unit
represented by the chemical formula (14) to be used
as a starting material. A solvent may be used as
required in the reaction in the present invention;
Examples of the usable solvent include: hydrocarbons
such as hexane, cyclohexane.and heptane; ketones such
as acetone and methyl ethyl ketone; ethers such as
dimethyl ether, diethyl ether and tetrahydrofuran;
halogenated Hydrocarbons such as dichloromethane,
chloroform, carbon tetrachloride, dichloroethane and
trichloroethane; aromatic hydrocarbons such as
benzene and toluene; aprotic polar solvents suéh as
N, N-dimethylformamide and dimethyl sulfoxide; and

pyridine derivatives. Pyridine is particularly
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preferably used. The amount of the solvent to be
used can be appropriately determined in accordance
with kinds of starting materials and bases, a
reaction condition, and the like.

‘A reaction temperature is not particularly
limited in tﬁe method, but is generally in the range
of 0°C to the boiling point of a solvent. However,
it is preferable to perform the reaction at an
optimum temperature suited for a condensation agent
to be - used. In the method of the present invention,

a reaction time is in the range of, for example, 1 to

" 48 hours. The solvent can be removed from the

reaction solution thus produced containing a polymer
having one or more units each represented by the
chemical formula (16) in its molecule by an ordinary
method such as distillation. Alternatively, using a
solvent, for example, wéter, an alcohol such as
methanol or ethanoi, or an ether such as dimethyl
ether, diethyl ether, or tetrahydrofuran, thé target
polymer having one or more units each represented by
the chemical formuia (16) can be re-precipitated and
recovered by uniformly mixing a solvent that does not
dissolve that polymer with the solution. The
resultant polymer having one or more units each
represented by the chemical formula (16) in. its
molecule can be subjected to isolation purification

as required. A method for the isolation purification
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is not particularly limited, and includes a method
involving reprecipitation using a solvent that does
not dissolve the polymer ha#ing one or more units

each represented by the chemical formula (16) in its
molecule, a method according to column chromatography,
or the like.

In addition, out of the polymers each having
one or more units each represented by the chemical
formula (16), a polymer having one or more units each
represented by the chemical formula (1) can be
synthesized by copolymerization using a compound
represented by the chemical formula (617), another
polymerizable monomer, and a polymerization initiator.

(Method of producing compound represented by
chemical formula (617))

The compound represented by the chemical
formula (617) shown in the seventeenth invention can
be produced according' to the following method.

A method of synthesizing the compound |
represented by the chemical formula (617) in the
present invention will be described in detail. The
compound is synthesized by a condensation reaction
among: a polymerizable monomer having a carboxyl
group such as methacrylic acid or acrylic acid; an
acid chloride polymerizable monomer in which a
carboxyl group is transformed into an acid chloride

such as acrylic chloride or methacrylic chloride; and
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various compounds having amino groups represented by
the chemical formula (817) described below.

Examples of an available method for a
condensation reaction between a carboxyl group and an
amino group include: a method which involves using a
condensation agent; a method which involves forming a
salt and éerforming condensation through a
dehyaration reaction; a method which involves using a
dehydrating agent; and a method which involves
transforming a carboxyl group into an acid chloride
and aliowing an amino group to react with it. |

A method which involves transforming a carboxyl

group into an acid chloride and allowing an amino

group to react with it as a production method
according to the present invention will be described
below in detail.

Transformation of a polymerizable monomer
represented by the chemical formula (717) into an
acid chloride can be performed by an ordinaiy method

using thionyl chloride.

R717w ’ R717y

R717x O

R717

(71°7)
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(In the formula, Ryi7y and Ryp7x each independently
represent a halogen atom or a hydrogen atom. Ry17y
represents a CHs group, a halogen atom, or a hydrogen
atom. Ry représents an H atom, an Na atom, or a K

atom. When multiple units exist, Ryi7, Ry, Ryi7x, and

R717y each independently have the above meaning for

each unit.)

The amount of thionyl chloride to be used is in
the range of 0.1 or 50.0 times mole, or preferably
1.0 to 20.0-fold moles with respect to the compound
represented by the chemical formula (717).

Thionyl chloride itself can also bé used as a
reaction solvent.

The amount of a compound represented by the
chemical formula (817) described bélow to be used in
the method is in the range of 0.1 or 50.0-fold moles,
or- preferably 1.0 to 20.0-fold moles with respect to
the compound represented by the chemical formula

(717). A solvent can be used as required in the

"reaction of the present invention. Examples of the

solvent to be used include: hydrocarbons such as
hexane, cyclohexane, and heptane; ketones such as
acetone and methyl ethyl ketone; ethers such as
dimethyl ether, diethyl ether, and tetﬁahydrofuran;
halogenated hydrocarbons such as dichloromethane,
chloroform, carbon tetrachloride, dichloroethane, and

trichloroethane; aromatic hydrocarbons such as
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benzene and toluene; aprotic polar solvents such as
N, N-dimethylformamide and dimethyl sulfoxide;
pyridine derivatives; and water. The solvent is
preferably soluble in the compound represented by the
chemi;al formula (817) described below. The amount
of the solvent to be used can be appropriately
determined in accordance with starting materials,
reaction conditions, and the like.

A reaction temperature is not particularly
limited in the method, but is generally in the range
of - 30°C to the boiling point of a solvent. However,
it is preferable to perform the reaction at an
optimum temperature suited for the compound
represented byAthe chemical formula (817) described
below and a reaction solvent.. In the method of the

present invention, a reaction time, which cannot be

- uniquely determined, is generally in the range of 1

to 48 hours. A reaction solution thus produced
containing the compound represented by the chemical
formula (617) can be removed by an ordinary method
such ‘as distillation.

The resultént compound represented by the
chemical formula (617) can be subjected to isolation
purification as required. A method‘for the isolation
pﬁrification is not particularly limited, and
includes a methpd involving recrystallization using a

solvent in which the compound represented by the
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chemical formula (617) is hardly soluble, a method
according to column chromatography, or the like.
(Compound represented by chemical formula
(817))
An example of the compound represented by the
chemical formula (817) to be used in the present

invention includes the following.

HoN—Ag17—SO2Rg17 (517,

(In the formula, Rgi7 represents OH, a halogen atom,
ONa, OK; or ORgi7a. As17 aﬁd Rgi7a each independently
represent a substituted or unsubstituted aliphatic
hydrocarbon structure, a substituted or unsubstituted
aromatic ring structure, or a substituted or
unsubstituted heterocyclic structure.)

More specifically, Agi7 represents a linear or
branched alkylene group having 1 to 8 carbon atoms, a
substituted or unsubstifuted phenyl group, a
substituted or unsubstituted naphthyl group; or a
substituted or unsubstituted heterocyclic structure
containing one or more of N, S, and O. When Agiy
represents a'ring structure, an unsubstituted ring
may be further condensed.

Examples of the linear or branched alkylene
group having 1 to 8 carbon atomsnrepresented by Agiy

include 2-aminoethanesulfonic acid (taurine), 3-

~aminopropanesulfonic acid, 4-aminobutanesulfonic acid,
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2-amino-2-methylpropanesulfonic acid, and alkali
metal salts thereof.

Whén BPg;7 represents a substituted or
unsubstituted phenyl group, the compound is
represented by the chemical formula (26).

NH,

R262 R 26e

R25b R264

Rase (26)

(In the formula, at least one of Rzsar Roepn, Roecr Rosar
and Rpee represents SOzRzer (Rzer represents OH, a
halogen atom, ONa, OK, or ORgzes,. Rzen represents a
substituted or unsubstituted aliphatic hydrocarbon
structure, a substituted or unsubstituted aromatic
ring structure, or a substituted or unsubstituted
heterocyclic structure.). Risa, Raen, Raeer Rﬁd, and Roge
are each independently selected from a hydrogen atom,
a halogen atom, an alkyl group having 1 to 20 carbon
atoms, an alkoxy group having 1 to 20 carbon atoms,
an OH group, an NH; group, an NO; group, COORzeg (Razeg
represents an H atom, an Na atom, or a K atom.f, an
acetamide group, an OPh group, an NHPh group, a CFj3
group, a C,Fs- group, and a C3Fy; group.)

Examples of the compound represented by the
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chemical formula (26) include: various
aminobenzenesulfonic acid derivatives and salts
thereof such.as p—aminobenzenésulfonic acid
(sulfanilic acid), m-aminobenzenesulfonic acid, o-
aminobenzenesulfonic acid, m-toluidine-4-sulfonic
acid, o-toluidine-4-sulfonic acid sodium salt, p-
toluidine-2-sulfonic acid, 4-methoxyaniline-2-
sulfonic acid, o-anisidine-5-sulfonic acid, p-
anisidine-3-sulfonic acid, 3-nitroaniline-4-sulfonic:
acid,A2—nitroaniline—4—sulfonic acid sodium salt, 4-
nitroaniline-2-sulfonic acid sodiuﬁ salt, 1,5-
dinitroaniline-4-sulfonic acid, 2-aminophenol-4-
hydroxy—5—nitropenzenesulfonic acid, 2,4-
dimethylaniline-5-sulfonic acid sodium salt, 2,4-
dimethylaniline-6-sulfonic acid, 3,4~dimethylaniline-
5-sulfonic acid, 4-isopropylaniline-6-sulfonic acid,
A-trifluoromethylaniline-6-sulfonic acid, 3-carboxy-
4-hydroxyaniline-5-sulfonic acid, and 4-
carboxyaniline-6-sulfonic acid; and esterified
products such as methyl esterified products and
phenyl esterified products of various
aminobenzenesulfonic acid derivatives and salts
thereof such as 2-aminobenzenesulfonic acid methyl
ester, 4-aminobenzenesulfonic acid methyl ester, 2-
aminobenzenesulfonic acid phenyl ester, and 4-
aminobenzenesulfonic acid phenyl ester.

When Ag; represents a substituted or
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unsubstituted naphthyl group, the compound 1is

represented by the chemical formula (27a) or (27b).

R 274 (272)

(In the formula, at least one of Rz7a, Romw, R27e, R2vas

5 ' Ro7er R27e, and Rpyg represents SOzRz7, (Rz7o represents OH,
a halogen atom, ONa, OK; or ORz7s. Ryys represents a
substituted or unsubstitﬁted aliphatic hydrocarbon
struéture, a substituted of unsubstituted aromatic
ring structure,. or a substituted or unsubstituted

10 heterocyclic structure.). Ra7a, Ramw, R27e, R27ar R2ver
R27e, and Ryygy are each independently selected from a
hydrogen atom, a halogen atom, an alkyl group having
1 to 20 carbon atoms, an alkoxy group having 1 to 20
carbon atoms; an OH group, an NH, group, an NOztgroup,

15 COORj7, (Rpz7p represents an H atom, an Na atom, or a K
atom.), an acetamide group, an OPh group, an NHPh

group, a CF; group, a CzFs group, and a CsF; group.)
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NH2 Ramn ‘ \

Rarh Raon

Roti Ra7i

Rari - Roni - (2 7b)

(In the formula, at least one of Rz, Ra7i, R275, Rorxy
R271, Ramm, and Rpn represents SOzRz7q (R27q represents OH,
a halogen atom,4ONa, OK, or ORz7t. Ry represents a
substituted or unsubstituted aliphatic hydrocarbon
structure, a substituted or unsubstituted aromatic
ring structure, or a substituted or unsubstituted
heterocyclic structure.). Rzm, Ra7i, R273, Ramk, Romy
Roym, and Ry are each independently selected from a
hydrogen atom, a halogen atom, an alkyl group having
1 to 20 carbon atoms, an alkoxy group having 1.to 20
carbon atoms, an OH group, an NH; group, an NO; group,
COOR27: (R27: represents an H'atom, an Na atoﬁ/ or a K
atom.), an acetamide group, aﬁ OPh group, an NHPh
group, a CFs group,‘a C,Fs group, and a Cs3F; group.)
Examples of the compound represented by the
chemical formula (27a) or (27b) include: various
naphthylaminesulfonic acid derivatives and salts
thereof such as l-naphthylamine-4-sulfonic acid, 1-
naphthylamine-5-sulfonic acid, l-naphthylamine-6-

sulfonic acid, l-naphthylamine-7-sulfonic acid, 1-



WO 2005/108441 PCT/JP2005/009015

10

15

20

25

119

naphtylamine-8-sulfonic acid, Z2-naphthylamine-1-
nulfonic acid, 2-naphthylamine-5-sulfonic acid, 1-
naphthylamine-2-ethoxy-6-sulfonic acid, l-amino-2-
naphthol-4-sulfonic acid, 6-amino-l-naphthol-3-

sulfonic acid, l-amino-8-naphthol-2,4-disulfonic acid

- Monosodium salt, and l-amino-8-naphthol-3, 6~

disulfonic acid Monosodium salt; and esterified
products such as methyl esterified products and
phenyl esterified products of various
naphthylaminesulfonic acid derivatives and salts
thereof such as l-naphthylamine-8-sulfonic acid
methyl ester, 2-naphthylamine-l-sulfonic acid methyl
ester, 1—naphthyiamine—8—sulfonic acid phenyl ester,
and 2-naphthylamine—1l-sulfonic acid phenyl ester.

When Ag17; represents a substituted or
unsubstituted heterocyclic structure containing one
or more of N, S, and O, examples of the ring include
a pyridine ring, a piperazine ring, a furan ring, and
a thiol ring. ‘

In addition, in the case where out of the
compounds each represented by the chemical formula
(617), a compound having no sulfonate unit, for

example, a compound in which Re17 represents OH, a

‘halogen atom, ONa, or OK is synfhesizéd, a compound

represented by the chemical formula (617) having a
sulfonate unit can be synthesized by further using an

esterifying agent such as trimethylsilyldiazomethane,
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ﬁrimethyl orthoformate, or triethyl orthoformate.
Tﬁe reaction will be described below in detail.
A solvent can be used as required in the

reaction. Examples of the solvent to be used

5 include: hydrocarbons such as hexane, cyclohexane,
and'heptane; alcohols such as methanol and ethanol;
ethers such as dimethyl ether, diethyl ether,
tetrahydrofuran, and dioxane; halogenated
hydrocarbons such as dichloromethane, chloroform,

10 carbon tetrachloride, dichloroethane, and
trichloroethane; aromatic hydrocarbons such as
benzene and toluene; aprotic polar solvents such as
N, N-dimethylformamide and dimethyl sulfoxide; and
pyridine derivatives. Chloroform or methanol is

15 particularly preferably used. The amount of the
solvent to be used can be appropriately determined in
accordance with starting materials, reaction
condition, and the like.

The amount of the esterifying agent to be used

20 is in the range of 0.1 or 50-fold moles, or
preferably 1 to 20-fold moles with respect to the no
sulfonate unit which Rg7 in the chemical formula
(617) represents OH, a halogen atom, ONa, or OK.

A reaction temperature is not particularly

25 limited in the method, but is generally in the range

of - 20°C to-30°C. A reaction time, which cannot be

uniquely determined, is generally in the range of 1
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to 48 hours.

A reaction solution thus produced cbntaining
the compound represented by the chemical formula
(617) having a sulfonate unit can be removed by an
ordinary method such as distillation.

The resultant compound represented by the
chemical formula (617) having a sulfonate unit can be
subjected to isolation purification as required. A
method for the isolation purification is not
particularly limitéd, and includes a method involving
recrystallization using a solvent in which the
compound represented by the chemical formula (617)
having a sulfonate unit is hardly soluble, a method
according to column chromatography, or the like.

(Method of ?olymerizing compound represented by
chemical formula (617))

Any one of various conventionally known
polymerization reactions can be used for a method of
polymerizing a compound represented by the chemical
formula (617). The compound can also be
copolymerized with any one of various conventionally
known monomers.

| Examples of a copolymerizable monomer include:
styrene and derivatives thereof such as styrene, o—
methylstyrene, m-methylstyrene, p—methylstyrene, pP-
methoxystyrene, p-phenylstyrene, p—chlorostyrene,'

3,4-dichlorostyrene, p-ethylstyrene, 2,4-
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dimethylstyrene, p-n-butylstyrene, p-tert-
butylstyrene, p-n-hexylstyrene, p-n-octylstyrene, p-
n-nonylstyrene, p-n-decylstyrene, and p-n-

dodecylstyrene; ethylene unsaturated monoolefins such

as ethylene, propylene, butylene, and isobutylene;

halogenated vinyls such as vinyl chloride, vinylidene
chloride, vinyl bromide, and vinyl fluoride; vinyl
esters such as vinyl acetate, vinyl propionate, and
vinyl benzoate; o-methylene aliphatic
monocarboxylates such as methyl méthacrylate, ethyl
methacrylate, propyl methacrylate, n-butyl
methacrylate, isobutyl methacrylate, n-octyl
methacrylate, dodecyl methacrylate, 2-ethylhexyl
methacrylate, stearyl methacrylate, phenyl
methacrylate, dimethylaminoethyl methacrylate, and
diethylaminoethyl methacrylate; acrylates such as
methyl acrylate, ethyl acrylate, n-butyl acrylate,’
isobutyl acrylate, propyl acrylate, n-octyl acrylate,
dodecyl acrylate, 2-ethylhéxyl acrylate, stéaryl
acrylate, 2-chloroethyl acrylate, and phenyl
acrylate; vinyl ethers such as vinyl methyl ether,
vinyl ethyl ‘ether, and vinyl isobutyl ether; vinyl
ketones such as vinyl methyl ketone, vinyl hexyl
ketone, and methyl isopropenyl kefone; N-vinyl
compounds such as N-vinylpyrrole, N-vinylcarbazole,
NQVinylindole, and N-vinylpyrrolidone; vinyl

naphthalenes; and acrylic/methacrylic acid
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derivatives such as acrylonitrile, methacrylonitrile,
aﬁd acrylamide.
In the case where out of the compounds each
represented by the chemical formula (617), a compound
5 having no sulfonate unit, for example, a compound in
which Rg¢7 represents OH, a halogen atom, ONa, or OK
is polymerized, radical polymerization can be
particularly preferably used because:the conditions
for the polymerization can be relatively easily

10 controlled.

When the compound has a sulfonate unit, ion
polymerization can‘also be used.

Examples of an initiator for radical
polymerizatioﬁ include t-butylperoxy-2-ethylhexanoate,

15 cumine perpivarate, t-butylperoxylaurate, benzoyl
peroxide, lauroyl peroxide, octanoyl peroxide, di-t-
butyl peroxide, t-butylcumyl peroxide, dicumyl
peroxide, 2,2'-azobisisobutyronitrile, 2,2'-azobis(2-
methylbutyronitrile), 2,2'~azobis (2, 4-

20 dimethylvaleronitrile), 2,2'-azobis(4-methoxy-2,4-

' dimethylvaleronitrile), 1,1-bis(t-butylperoxy)3,3,5-
trimethylcyclohexane, 1,1-bis(t-
butylperoxy)cyclohexane, 1,4-bis(t-

‘ butylperoxycarbonyl)cycldhexane, 2,2—bis(t—

25 butylperoxy)octane, n-butyl 4,4-bis(t-

butylperoxy)valerate, 2,2-bis(t-butylperoxy)butane,

1,3-bis (t-butylperoxy-isopropyl)benzene, 2,5-
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dimethyl-2,5-di (t-butylperoxy)hexane, 2,5-dimethyl-
2/5—di(benzoylperéxy)hexane, di-t-
butyldiperoxyisophthalate, 2,2—bis(4,4—di—t-
butylperoxycyclohexyl)propane, di-t-butylperoxy o-
5 methylsuccinate, di-t-butylperoxydimethylglutarate,
di-t-butylperoxyhexahydroterephthalate, di-t-
butylperoxyazelate, diethylene glycol-bis(t-
butylperoxycarbonate), di-t-
butylperoxytrimethyladipate, tris(t-

10 butylperoxy)triazine, and vinyl tris(t-
butylperoxy)silane. A water-soluble initiator such
as potassium persulfate or ammonium persulfate can
also be used.

The above initiators can be used alone or in

15 combination.

The amount of the initiator used, which is
preferably in the range of 0.0001 to 0.5-fold mole
with respect to the total amount of the polymerizable
monomer, can be appropriately determined in

20 accordance with the kind of monomer to be used,
monomer to be used for copolymerization, and
initiator to be used.

A solvent may be used as required in the
polymerization reaction of the préseht invention.

25 Examples of the solvent to be used include:
hydrocarbons -such as hexane, cyclohexane,‘and

heptane; ketones such as acetone and methyl ethyl
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ketone; ethers such as dimethyl ether, diethyl ether,
aﬁd tetrahydrofuran; halogenated hydrocarbons such as
dichloromethane, chloroform, carbon tetrachloride,
dichloroethane, and trichloroethane; aromatic
hydrocarbons such as benzene and toluene; and aprotic
polar solvents such as N,N-dimethylformamide and
dimethyl sulfoxide. Aprotic polar solvents such as
N,N—dimethylformamide and dimethyl sulfoxide are
particularly preferably used. The amount of the
solvent to be used can be appropriately determined in
accordance with the kind of solvent, monomer to be
used for copolymerization, initiator to be used, a
reaction condition, and the like.

A reaction temperature is not particularly
limited in the method, but is genérally in the range
of - 76°C to the boiling point of a solvent. However,
it is desirable to perform the reaction at an optimum
temperature suited for an initiator to be used and a
monomer to be used for copvlymerization. In the
method of the present invention, a reaction time,
which cannot be uniquely determined, is generally in
the range of 0.5 to 48 hours. The solvent can be
removed from the reaction solution thus produced
containing a polymer having one or more units each
represented by the chemical formula (1) in its
molecule by -an ordinary method such as distillation.

Alternatively, using a solvent, for example, water,
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an alcohol such as methanol or ethanol, or an ether
sﬁch as dimethyl ether, diethyl ether, or
tetrahydrofuran, the target polymer having one or
more units each represented by the chemical formula
(1) in its molecule can be re-precipitated and
recovered by uniformly mixing a4solvent that does not
dissolved that polymer with the reaction solution.
The resultant polymer having one or more units each
represenfed by the chemical formula (1) in its
molecule can be subjected to isolation purification
as required. A method for the isolation purification
is not particularly limited, and includes a method
involving reprecipitation using a solvent that does
not dissolve the polymer having one or more units
each represented by the chemical formula (1) in its
molecule, a method according to column chromatography,
or the like.

(Method of producing polymer having one or more
units each represented by chemical formula k18) in
molecule)

- As shown in the chemical formula (17), when R;
in the chemical formula (17) represents OH, a halogen
atom, ONa, or OK,Aa polymer in which R in the
chemical formula (18) represents %AM—SO§RM can be
synthesized by using trimethylsilyldiazomethane,
trimethyl orthoformate, or ‘triethyl orthoformate as

an esterifying agent. The reaction will be described
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below in detail.

| A solvent can be used as required in the
reaction. Examples of the solvent to be used
include: hydrocarbons such as hexane, cyclohexaﬁe,

5 and heptane; alcohols such as methanol and ethanol;
ethers such as dimethyl ether, diethyl ether,
tetrahydrofuran, and dioxane; halogenated
hydrocarbons such as dichloromethane, chloroform,
carbon tetrachloride, dichloroethane, and

10 trichloroethane; aromatic hydrocarbons such as
benzene and toluene; aprotic polar solvents such as
N, N-dimethylformamide and dimethyl sulfoxide; and
pyridine derivatives. Chloroform or methanol is
particularly preferably used. The amount of the

15 solvent to be used can be appropriately determined in
accordance with starting materials, reaction
condition, and the like.

The amount of the esterifying agent to be used

is in the rénge‘of 0.1 or 50-fold moles, or

20 preferably 1 to 20-fold moles with respect to the
unit represented by the chemical formula (17).

A reaction temperature is not particularly
limited in the method, but is generally in the range
of - 20°C to 30°C. A reaction time, which cannot be

25 uniquely determined, is generally in the range of 1
to 48 hours. -

The solvent can be removed from the reaction
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solution thus produced containing a polymer having
oﬁe‘or more units each represented by the chemical
formula (18) in its molecule by an ordinary method
such as distillation. Alternatively, using a solvent,
5 for example, an alcohol such as methanol or ethanol,
or an ether such as dimethyl ether, diethyl ether, or
tetrahydrofuran, the polymer having one or more units
each represented by the chemical formula (18) in its
molecule can be re-precipitated and recovered by
10 uniformly mixing a solvent that does not dissolve
that polymer with the solvent. The resultant polymer
having one or more units each fepresented by the
chemical formula (18) in its molecule can be
subjected to isolation purification as required.. A
15 method for the isolation purification is not o
particularly limited, and includes a method involving
reprecipitation using a solvent insoluble in the
polymer having one or more units each represented by
the chemical formula (18) in its molecule, é method
20 according to column chromatography, or the like.
- (Application to toner)

Applications of the polymer according to the
present invention include applications to toner for
developing an electrostatic chargé image and an image

25 forming process using the toner.
'To be specific, the polymer can be used as a

charge control agent to be internally or externally
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added to toner. That is, the present invention
relates to a charge control agent containing the

polymer described above and a toner for developing an

- electrostatic charge image containing the charge

control agent.

The toner for developing an electrostatic
charge image is used for an image forming method or
an image forming apparatus described below. The
image forming method includes: a charging step of
externally applying a voltage to a charging member to
evenly charge an electrostatic latent image-bearing
member; a developing step of forming a toner image on
the electrostatic latent image-bearing member; a
transferring step of transferring the toner image on
the electrostatic latent image-bearing member onto an
image-receiving material via or not via an
intermediate transfer member; and a heat-fixing step
of fixing the toner image on the image-receiwving
material under heating.

The image forming apparatus includes means
corresponding respectively to the steps of the method,
i.e., charging means, developing means, transferring
means, and heat-fixing means.

Here, a technology related to toner will be
described below. .

A large number of electrophotographic methods

using toner have been known. A general method
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involves: utilizing a photoconductive éubstance to
fdrm an electrical latent image on an image-bearing
member (photosensitive memberj by using various
means; developing the latent image with toner to form
a visible image; transferring the toner image‘onto an
image-receiving material such as paper as required;
and fixing the toner image onto the image-receiving
material under heating and/or pressure or the like to
provide a copy.

Cascade development, magnetic brush development,
impression development, or the like has been known as
a method of visualizing an electrical latent image.

A method involving: using magnetic toner and a
rotation developing sleeve having a magnetic pole at
its center; and allowing the magnetic toner to be
attracted from a place on the developing sleeve to a
place on a photosénsitive member in a magnetic field
has alsoc been used. Development methods used for
developing an electrostatic latent image aré
classified into: a two-component development method
involving the use of a two-component developer
composed of toner and a carrier; and a one-component
development method involving the use of a one-
component developer composed only‘of toner and using
no carrier. Here, a colored fine particle generally
referred to as toner contains a binder resin and a

colorant as essential ingredients, and further
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contains a charge control agent, magnetic powder, oxr-
tﬁe like as required. The polymer according to the
present invention can be used for such toner.

For example, the polymer compound represented

by the chemical formula (19) is used as a charge

“control agent to be used in the composition of toner

for developing an electrostatic charge image, whereby
excellent charging properties can be provided and
good dispersibility of the compound into a toner
reéin and good anti-spent property can be provided.

In addition, when the polymer according to the
present invention is used,}toner for developing an
electrostatic charge image can be provided, which
prevents image fogging from occurring at the time of
output by an image forming apparatus‘and excellent
transferability.

Furthermore, a charge control agent using the
polymer according to the present invention can be
colorless or weak in tinting power. Therefére, an
arbitrary colorant can be selected in accordance with
a hue fequired for color toner. A charge control
agent which is colorless or has weak tinting poWer is
preferable because it hardly affects the original hue
of a dye or a pigment.

Furthermore, when toner for developing an
electrostatic charge image is constituted so as not

to contain a heavy metal, toner which is highly safe
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and is industrially useful can be provided.

(Use as charge control agent)

When the polymer according to the present
invention is used as a charge control agent, the
polymer preferably has a structure containing a
sulfonic group or a derivative of the sulfonic group
at its side chain, as in the monomer unit represented
by the chemical formula (19).

The presence of a unit having an anionic or
électron—withdrawing group exhibits excellent
negative chargeability.

The polymer according to the present invention
has good compatibility with a binder resin of toner.

Toner containing the pqumer of the present
invention has a high specific charge amount and good
stability over time. Therefore, a vivid image can be
stably obtained in electrostatic image formation even-
if the toner is stored for a long period of time. In
addition, ﬁhe polymer is colorless or has ektremely
weak tint, and has good negative chargeability.
Therefore, each of black negatively charged toner and .
color toner -can be produced. Furthermore,
compatibility can be widely controlled by
appropriately selecting the kinds/composition ratios
of monomer units constituting the polymer.of the
present invention.

Here, when a resin composition is selected in
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such a manner that a charge control agent has a
microphase—separated structure in a toner binder,
charge can be stably maintained because no electrical
continuity of toner occurs.

In addition, the polymer of the present
invention contains no heavy metal. Therefore, toner
can be stably produced because no polymerization
inhibition action due to a heavy metal which may be
observed in a metal-containing charge control agent
occurs when toner is produced by means of suspension
polymerization or emulsion polymerization. |

Here, a charge control agent will be described
below iﬁ further detail.

The‘charging property of a binder resin itself
may be utilized without using a charge control agent
for charging toner. In this case, however, the
stability of charging over time and humidity
resistance become poor, and good image quality is not
obtained in some cases. | i

Therefore, a charge control agent is generally
added for maintaining and controlling the charge of
toner. Examples of a charge control agent
conventionally known in the art today include: charge
control agents each having negatiﬁe frictional
chérgeability such as azo dye metal complexes, metal
complexes of aromatic dicarboxylic acids, and metal

complexes of salicylic acid derivatives; and positive
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charge control agents such as nigrosin-based dyes,
tfiphenylmefhane—based dyes, and organic tin
compounds inéluding various quaternary ammonium salt
dibutyltin oxides.

Whgn the polymer according to the present
invention is used for a charge control agent, the
polymer may be used in combination with any one of
the above conventionally known charge control agents.

It should be noted that, for example, a
copolymer of styrene and/or a-methylstyrene and an
alkyl (meth)acrylate or alkyl (meth)acrylate amide
having a sulfonic group (see JP-A 08—179564, Jp 08-
012467 B, and JP 2807795 B, which are referred to as
Patent Documents 1 to 3, respectively) is often used
as a conﬁentionally known polymer-based charge
control agent. -

(Addition to toner of polymer according to the
present invention)

In the present invention, a method involving
internal addition to toner or a method involving
ektefnal addition to toner may be used as a method of
incorporating a charge control agent composed of any
one of the polymers described above into toner. The
addition amount of a charge control agent in the case
of internal addition is generally in the range of 0.1
to 50 weight%, or preferably 0.2 to 20 weight% with

respect to the total weight of a toner binder and the
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charge control agent. An addition amount of less
thén 0.1 wt¥% is not preferable because the degree of
improvement in chargeability of toner may be
insufficient. On the other hand, an addition amount
in excess of 50 wt% is not preferable from the
viewpoint of economy. A weight ratio between a toner
binder and a charge control agent in the case of
external addition is preferably in the range of 0.01
to 5 wt% with respect to the total weight of the
toner binder and the charge control agent. It is
particularly preferable to allow the charge control
agent to mechanochemically adhere to the toner
surface. The polymer of the present invention may
also be used in combination with a conventionally
known charge control agent. The amount of a charge
control agent other than the polymer of the present
invention is not limited as long as the addition of
the charge control agent has an effect and an effect
of the use of the polymer of the present in?ention is
not impaired.

‘The polymer of the present invention used as a
charge control agent has a number average molecular
weight of generally 1,000 to 1,000,000, or preferably
1,000 to 300,000. A number averagé molecular weight
of less than 1,000 provides an insufficient charge
amount and adversely affects the fluidity of toner

because the polymer is completely compatible with a
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toner binder and a discontinuous domain is hardly
férmed. In addition, a number average molecular
weight in excess of 1,000,000 makes it difficult to
disperse fhe polymer into toner.

The molecular weight of the polymer of the
present invention was measured by means of gel
permeation chromatography (GPC). A specific
measurement method by GPC involves: dissolving the
above polymer into a 0.1 wt% LiBr-containing
dimethylformamide (DMF) , chloroform, or the like in
advance; measuring many samples in the same mobile
phase; and determining a molecular weight
distribution from a calibration curve of a standard
polystyrene resin. |

In addition, in the present invention, out of
the above polymers, a polymer having a ratio (Mw/Mn)
of a weight average molecular weight (Mw) and a
number average molecular weight (Mn) measured as
described above in the range of 1 to 10 is breferably
used as a charge cont;ol agent.

- It is preferable that a polymer to be used as a
charge control agent in the preéent invention has a
melting point in the range of 20 to 150°C, or
particularly 40 to 150°C, or has no melting point,
but has a glass transition point in 'the range of 10
to 150°C, or -particularly 20 to 150°C. When the

polymer has a melting point lower than 20°C, or has
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no melting point and has a glass transition point
lower than 10°C, the fluidity and storage stability
of the toner are apt to be adversely affected. On
the other haﬂd, when the polymer has a melting point
5 higher than 150°C, or has no melting point and has a
glass transition point higher than 150°C, it becomes
difficult to knead the charge control agent in the
toner, and a charge amount distribution is apt to be
over a wide range. In this case, the melting point
10 Tm and the glass transition point Tg may be measured
by using a differential scanning calorimeter of a
high—preéision inner heat input compensétion type
such as DSC-7 manufactured by PerkinElmer.
The composition of the toner for developing an
15 electrostatic charge image of the present invention
is generally 0.1 to 50 wt% of a charge control agent,
20 to 95 wt% of a toner binder, and 0 to 15 wt% of a
coloring material based on the toner weight. The
toner may contain 60 wt% or less of magnetié powder
20 (for example, powder of a ferromagnetic metal such as
iron, cobalt, or nickel, or a compound such as
magnetite, hematite, or ferrite) serving also as a
coloring material as required. The toner may further
éontain various additiﬁes (such aé a lubricant (for
25 examﬁle, polytetrafluoroethylene, low—molegular—
weight polyolefin, an aliphatic acid, or a metal salt

or amide thereof) and other charge control agents
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(for example, a metal-containing azo dye and a
salicylic acid metal salt)). Hydrophobic colloidal
silica fine powder or the like may also be used for
improving the fluidity of the toner. A total amount
of those additives 'is generally 10 wt% or less based
on the tonér weight.

In the toner of the present invention, in one
toner particle, at least part of a toner biﬁder
preferably forms a céntinuous phase and at least part
of a charge control agent preferab;y forms a
discontinuous domain. As compared to the case where
a charge control agent is completely compatible with |
a toner binder without the formation of a
discontinuous domain, the added charge control agent
is easily exposed to the toner surface, and a small
addition amount can exert an effect. The domain has
a disperéed particle size in the range of preferably
0.01 to 4 um, or more preferably 0.05 to 2 pﬁ. A
dispersed particle size in ‘excess of 4 um pfovides
insufficient dispersibility, and so, a problem is
raised such that a charge amount distribution becomes
wide and transparency of toner deteriorates. In
addition, a dispersed particle size of less than 0.01

pm requires a large addition amount of a charge

. control agent as in the case where a charge control

agent is completely compatible with a.toner binder

without the formation of a discontinuous domain. The
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fact that at least part of the charge control agent i
férms a discontinuous domain and the dispersed
particle size of the domain can be confirmed by
observing a section of toner by means of a
transmission electron microscope or the like. For
clearly observing an interface, a toner sectionAmay
be observed by means of an electron microscope after

the section has been stained with ruthenium tetroxide,

‘osmium tetroxide, or the like.

For the purpose of reducing the particle size
of a discontinuous domain formed by the polymer of
the present invention, a polymer that is compatible
with the polymer of the present invention and is also
compatible with a toner binder may also be
incorporated as a compatibilizer. An example of the
compatibilizer'includes a polymer ih which a polymer
chain containing 50 mol% or more of a monomer having
substantially the same structure as that of a
constituent monomer of the'polymer of the ﬁresent
invention and a polymer chain containing 50 mol% or
more  of a.monomer having substantially the same
structure as that of a constituent monomer of the
toner binder are bound in a graft manner or block
manner. .The usage amount of the éompatibilizer is
generally 30 wt% or less, or preferably 1 to 10
weight% with respect to the polymer.of the present

invention.
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(Other components)

Hereinafter, other components constituting the
toner for developing an electrostatic charge image of
the present invention will be described below.

The toner for developing an electrostatic
éharge image according to the present invention may
contain a binder resin, a colorant, and other
additives to be added as required as well as the
above charge contrél agent.

(Binder resin)

First, a general thermoplastic resin can be
used as the binder resin. Examples of an available
thermoplastic resin include polystyrene, polyacrylate,
a styrene-acrylate copolymer, polyvinyl chloiide,
polyvinyl acetate, poly&inylidene chloride, a phenol
resin, an epoxy resin, and a polyester resin. Any
one of the resins that are generally used for
producing téner can be used, and the resin to be used
is not particularly limited.

In addition, the charge control agent of ﬁhe
present invention can be mixed with a binder resin
before being turned into toner, and the mixture can
be used as a toner binder composition of the present
invention having a charge controliing ability.
Examples of the binder resin include a styrene-based
polymer, a polyester-based polymer, an epoxy-based

polymer, a polyolefin-based polymer, and a
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polyurethane-based polymer. Each of these may be
uéed alone or in combination.

Eﬁamples of the styrene-based polymer include:
a copolymer of styrene and (meth)acrylate and

5 copolymers of other monomers copolymerizable with
them; and a copolymer of styrene and a diene-based
monomer (such as butadiene or isoprene) and
copolymers of other monomers copolymerizable with
them. An example of the polyester-based polymer

10 includes a polycondensate of an aromatic dicarboxylic
acid énd an alkylene oxide adduct of an aromatic diol.
Examples of the epoxy-based polymer include a product
of a reaction between an aromatic diol and
epichlorohydrin and a denatured product thereof.

15 Examples of the polyolefin-based polymer include
copolymer chains of polyethylene, polypropylene, and
other monomers copolymerizable with them. An example
of the polyurethane~based polymer includes a compound
obtained by polyaddition of an aromatic diiéocyanate

20 and an alkylene oxide adduct of an aromatic diol.

* Specific examples of the binder resin used in
combination with the charge control agent of the
present invention include: a polymer of any one of
the polymerizable monomers described below; and a

25 copolymerization product obtained by using a mixture
of the polymerizable monomers or two or more kinds of

the polymerizable monomers. Specific examples of
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such a binder resin include: a styrene-based polymer
sﬁch.as a styrene-acrylic acid copolymer or a
styrene—methacryiic acid-based copolymer; a
polyester-based polymer; an epoxy—based polymer; a
polyolefin-based polymer; and.a polyurethane-based
polymer, which may be preferably used.

Examples of a polymerizable monomer include:
styrene and derivatives thereof éuch as styrene, o-
methylstyrene, m-methylstyrene, p-methylstyrene, p-
mefhoxystyrene, p-phenylstyrene, p-chlorostyrene,
3,4-dichlorostyrene, p-ethylstyrene, 2,4-
dimethylstyrene, p-n-butylstyrene, p-tert-
butylstyrene, p-n-hexylstyrene, p-n-octylstyrene, p-
n-nonylstyrene, p-n-decylstyrene, and p-n-
dodecylstyrene; ethylene unsaturated monoolefins such
as ethylene, propylene, butylene, and isobutylene;
unsaturated polyenes such as bﬁtadiene; halogenated
vinyls such as vinyl chloride, vinylidene chloride,
vinyl bromide, and vinyl fluoride; vinyl esfers such
as vinyl acetate, vinyl propionate, and vinyl
benzoate; a-methylene aliphatic monocarboxylates such
as methyl methacrylate, ethyl methacrylate, propyl
methacrylate, n-butyl methacrylate, isobutyl
methacrylate, n-octyl methacrylaté, dodecyl
methacrylate, 2-ethylhexyl methacrylate, stearyl
methacrylate, phenyl methacrylate, dimethylaminoethyl

methacrylate, and diethylaminoethyl methacrylate;
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acrylates such as methyl acrylate, ethyl acrylate, n-
bﬁtyl acrylate, isobutyl acrylate, propyl acrylate,
n-octyl acrylate, dodecyl acrylate, 2-ethylhexyl
acrylate, stearyl acrylate, 2-chloroethyl acrylate,
and phenyl acrylate; vinyl ethers such as vinyl
methyl ether, vinyl ethyl ether, and vinyl isobutyl
ether; vinyl ketones such as vinyl methyl ketone,
vinyl hexyl ketone, and methyl isopropenyl ketone; N-
vinyl compounds such as N-vinylpyrrole, N-
vinylcarbazole, N-vinylindole, and N-
vinylpyrrolidone; vinyl naphthalenes;
acrylic/methacrylic acid derivatives such as
acrylonitrile, methacrylonitrile, and acrylamide;
diesters of esters and dibasic acids of the above

o, B~unsaturated acids; dicarboxylic acids such as
maleic acid, methyi maleate, butyl maleate, dimethyl
maleate, phthalic acid, succinic acid, and
terephthalic acid; polyol compounds such as ethylene
glycol, diethylene glycol, 'triethylene glycél; 1,2-
propylene glycol, 1,3-propylene glycol, 1,4~
butanediol, 1, 6-hexanediol, bisphenol A, hydrogenated
bisphenol A, and polyoxyethylenated bisphenol A;
isocyanates such as p-phenylene diisocyanate, p-
xylylene diioscyante, and 1,4—tet£amethylene
diisocynate; amines such as ethyl amine, butyl amine,
ethylenediamine, 1,4-diaminobenzene, 1,4-

diaminobutane, and monoethanol amine; and epoxy
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compounds such as diglycidyl ether, ethylene glycol -
diglycidyl ether, bisphenol A glycidyl ether, and
hydroquinone diglycidyl ether.

(Cross-linking agent)

5 In producing a binder resin to be used in
combination with the charge control agent of the
present invention, any one of such cross-linking
agents as described below may be used as required.
Examples of a bifunctional cross-linking agent

10 include divinylbenzene, bis (4-
acryloxypolyethoxyphenyl)propane, ethylene glycol
diacrylate, 1,3~butyiene'glycol diacrylate, 1,4-
butanediol diacrylate, 1,5-pentanediol diacrylate,
1, 6~hexanediol diacrylate, neopentyl glycol

15 diacrylate, diethylene glycol diacrylate, triethylene
)glycol diacrylate, tetraethylene glycol diacrylate,
diacrylates of polyethylene glycols #200, #400, and
#600, dipropylene glycol diacrylate, polypropylene
glycol diacrylate, polyestér-type diacrylaté (MANDA

20 Nippon Kayaku Co., Ltd.), and éompouﬁds obtained by
changing the "acrylate" in each of the above
compounds to the "methacrylate".

Examples of a polyfunctional cross-linking
agent that is bifunctional or more include:

25 pentaerythritol triacrylate, trimethylol ethane
triacrylate, trimethylol propane triacrylate,

tetramethylol methane tetraacrylate, and oligoester
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acrylate, and methacrylates thereof; 2,2-bis(4-
méthacryloxy,polyethoxyphenyl)propane; diallyl
phthalate; triallyl cyanurate; triallyl isocyanurate;
triallyl isocyanurate; and diaryl chlorendate.

(Polymerization initiator)

In addition, in producing a binder resin to be
used in combination with the charge control agent of
the present invention, any one of such polymerization
initiators as described below may be used as required.
Examples of the polymerization initiator include t-
butylperoxy-2-ethylhexanoate, cumine perpivarate, t-
butylperoxylaurate, benzoyl peroxide, lauroyl
peroxide, octanoyl peroxide, di—t;butyl peroxide, t-
butylcumyl peroxide, dicumyl peroxide, 2,2'-
azobisisobutyronitrile, 2,2'-azobis (2-
methylbutyronitrile), 2,2'-azobis(2,4-
dimethylvaleronitrile), 2,2'-azobis (4-methoxy-2,4-
dimethylvaleronitrile), 1,1-bis(t-butylperoxy)3,3,5-
trimethylcyclohexane, 1,1-bis(t- ‘
butylperoxy)cyclohexane, 1,4—bis(t—
butylperoxycarbonyl)cyclohexane, 2,2-bis(t-
butylperoxy)octane, n-butyl 4,4-bis(t-
butylperoxy)valerate, 2,2-bis(t-butylperoxy)butane,
1,3—bis(t—butylperoxy—isopropyl)bénzene, 2,5-
dimethyl-2, 5-di (t-butylperoxy)hexane, 2,5—dimethyl—
2,5-di (t-butylperoxy)hexane, 2,5-dimethyl-2,5-

di(benzoylperoxy)hexane, di-t-
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butyldiperoxyisophthalate, 2,2-bis(4,4-di-t-

: bﬁtylperoxycyclohexyl)propane, di-t-butylperoxy o-
methylsuccinate, di-t-butylperoxydimethylglutarate,
di-t-butylperoxyhexahydroterephthalate, di-t-

5 butylperoxyazelate, 2,5—dimethyl—2,5-di(t9
butylperoxy)hexane, diethylene glycol-bis(t-
butylperoxycarbonate), di-t-
butylperoxytrimethylédipate, tris(t-
butylperoxy)triazine, and vinyl tris(t-

10 butylperoxy)silane. Each of them may be used alone
or in combination. The polymerization initiator is
~used at a concentration of generally 0.05 part by
weight or more (preferably 0.1 to 15 pafts by weight)
witﬁ respect to 100 parts by weight of the monomer.

15 The ratio of the charge control agent of the
present invention to be internally added to a binder
resin is generally 0.1 to 50 wt%, or preferably 0.2
to 20 wt%. When the weight ratio of the charge
control agent to be internally added is lesé than 0.1

20  wt%, a charge amount is low. When the wéight ratio
exceeds 50 weight%, charging stability of toner
deteriorates.

(Charge control agent: other than polymer of

the present invention) o

25. A conventionally used charge control agent
other than the charge control agent of the present

invention may be used in combination with the charge
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control agent of the present invention. Specific
egamples thereof include a nigrosin-based dye, a
quaternary ammonium salt, and a monoazo-based metal
complex salt dye. The addition amount of the charge
control agent, which can be determined in
consideration of conditions such as chargeability of
a binder resin, a production method including the
addition amount and a dispersion method of a colorant,
and chargeability of the other additives, is 0.1 to
20 parts by weight, or preferably 0.5 to 10 parts by
weight with respect to 100 parts by weight of the
binder resin. In addition to the above, an inorganicl
particle of a metal oxide or the like, or an
inorganic substance the surface of which is treated
with any one of the above organic substances may be
used. Any one of those charge control agents may be
used while being mixed with, and added to, a binder
resin, or may be used while being allowed to adhere
to a toner particle surface.
<Colorant>

" Any one of the colorants that are generally
used fof producing toner can be used as a colorant
included in the toner for developing.an electrostatic
charge image of the present invention without
particular limitation. Examples of an available
colorant include pigments and/or dyes such as carbon

black, titanium white, a monoazo-based red pigment, a
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disazo-based yellow pigment, a quinacridone-based
mégenta pigment, and an anthraquinone dye.

More specifically, when the toner for
developing an electrostatic charge image of the
present invention is used as magnetic color toner,
examples of a colorant to be used include C.I. Direct
Red 1, C.I. Direct Red 4, C.I. Acid Red 1, C.I. Basic
Red 1, C.I. Mordant Red 30, C.I. Direct Blue 1, C.I.
Direct Blue 2, C.I. Acid Blue 9, C.I. Acid Blue 15,
C.I. Basic Blue 3, C.I. Basic Blue 5, C.I. Mordant
Blue 7, C.I. Direct Green 6, C.I. Basic Green 4, and

C.I. Basic Green 6. Examples of a pigment to be used

include chrome yellow, cadmium yellow, mineral fast

yellow, navel yellow, naphthol yellow S, Hansa yellow
G, permanent yellow NCG, tartrazine lake, chrome
orange, molybdenum orange, permanent orangéAGTR,
pyrazolone orangév benzidine orange G, cadmium red,
permanent red 4R, watching red Calciﬁm salt, eosin
lake, brilliant carmine 3B, manganese violef, fast
violet B, methyl violet lake, prussian blue, cobalt
blue, alkali blue lake, Victoria blue lake,
phthalocyanine blue, fast sky blue, indanthrene blue
BC, chrome green, chromium oxide, pigment green B,
malachite green lake, and final yéllow green G.

In addition, when the toner for deve;oping an
electrostatic charge image of the present invention

is used as two-component full-color toner, any one of



WO 2005/108441 PCT/JP2005/009015

149

such colorants as described below may be used.
Eéamples of a coloring pigment for magenta toner
include: C.I. Pigment Red 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 21, 22, 23,

5 30, 31, 32, 37, 38, 39, 40, 41, 48, 49, 50, 51, 52,
53, 54, 55, 57, 58, 60, 63, 64, 68, 81, 83, 87, 88,
89, 90, 112, 114, 122, 123, 163, 202, 206, 207, and
209; C.I. Pigment Violet 19; and C.I. Vat Red 1,.2,
10, 13, 15, 23, 29, and 35.

10 In the present invention, each of the above
pigments may be used alone, but .it is preferable to
use a dye and a pigment in combination to improve
definition in terms of image quality of a full-color
image. Examples of a magenta dye to be used in that

15 case include: oil-soluble dyes such as C.I. Solvent
Red 1, 3, 8, 23, 24, 25, 27, 30, 49, 81, 82, 83, 84,
100, 109, and 121, C.I. Disperse Red 9,-C.I. Solvent
Violet 8, 13, 14, 21, and 27, and C.I. Disperse
Violet 1; and basic dyes such as C.I. Basic.Red 1, 2,

20. 9, 12, 13, 14, 15, 17, 18, 22, 23, 24, 27, 29, 32, 34;
35, 36, 37, 38, 39, and 40, and C.I. Basic Violet 1,
3, 7, 10, 14, 15, 21, 25, 26, 27, énd 28.

Examples of other coloring pigments include;
cyan coloring piéments{such as C.I. Pigment Blue 2, 3,

25 15, 16, and 17, C.I. Vat Blue 6, C.I. Acid Blue 45,

and copper phthalocyanine pigments each having a

phthalocyanine skeleton substituted by 1 to 5
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phthalimide methyl groups; and yellow coloring
pigments such as C.I. Pigment Yellow i, 2, 3, 4, 5, o,
7, 10, 11, 12, 13, 14, 15, 16, 17, 23, 65, 73, and 83,
and C.I. Vat Yellow 1, 3, and 20.

5 Each of the dyes and pigments described above
may be used alone, or two or more of them may be
arbitrarily mixed for obtaining a desired toner hue.

In consideration of environmental protection
and safety for a human body, food pigments such as
10 wvarious food lakes can be suitably used. Examples
thereof include Food Red No. 40 Aluminum Lake, Food
Red No. 2 Aluminum'Léke, Food Red No. 3 Aluminum Lake,
Food Red No. 106 Aluminum Lake, Food Yellow No. 5
Aluminum Lake, Food Yellow No. 4 Aluminum Lake, Food
15 Blue No. 1 Aluminum Lake, and Food Blue No. 2
Aluminum Lake. Any one of the above water—insolub%e
food pigments can also function as a charge control
agent. In that case, any one of the aluminum lakes
can be used for negative chHarging. A water;insoluble
20 food pigment capable of functioning as a charge
control agent described above not only improves the
environmental safety of toner but also contributes to
a reduction in cost of toner.
The content of any one of sﬁch colorants as
25 described above in toner may be widely changed in
accordance with a desired coloring effect and the

like. For obtaining the best toner properties, that
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is, in consideration of coloring power for forming a
pfinted letter, form stability of toner, scattering
of toner, and the like, any one of those coloranﬁs is
used in an amount of generally about 0.1 to 60 parts
by weight, or preferably about 0.5 to 20 parts by
weight with respect to 100 parts by weight of a
binder resin.

(Other components of toner)

The toner for developing an electrostatic
charge image of the present invention may contain any
one of the following compounds as well as the binderl
resin and colorant‘components described above to such
an extent that an effect of the present invention is
not adversely affected. Examples of the compounds
include: a silicone resin; polyester; polyurethahe;
polyamide; an epoxy resin; polyvinyl butyral; rosin;
denatured rosin; a terpene resin; a phenol resin; an
aliphatic or alicyclic hydrocarbon resin such as low-
molecular-weight polyethyléne or low—molecuiar—weight
polypropylene; an aromatic petroleum resin;
chlorinated paraffin; and a paraffin wax. Of those,
examples of ‘a wax preferably used include low-
moleculaf—weight polypropylene and a by-product

thereof, low-molecular-weight polyester and an ester-

based wax, and an aliphatic derivative. Waxes

obtained by fractionating those waxes according to

molecular weights are also preferably used in the
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present "invention. Oxidation, block copolymerization,
Or'graft modification may. also be performed after the
fractionation.
In particular, the toner for developing an
5 electrostatic cﬂarge image of the present invention
comes to have excellent properties when the toner
contains such wax components as described above and
these wax components are dispersed into the binder
resin in a substantially spherical and/or spindle
10 island fashion in the case where a toner section is
observed by means of. a transmission electron
microscope (TEM).
(Method of producing tonei)
Any one of the conventionally known methods can
15 Dbe used for specifically producing the toner for
developing an electrostatic charge image bf the
present invention having such a structure as
described above. The toner for developing an
electrostatic charge image of the .present invention
20 can be produced by means of, for example, the so-
called pulverization method for obtaining toner by
using the following steps. That is, to be épeciffc,
the toner for developing an electrostatic charge
image of the present invention haVing a desired
25 particle size can be obtained by: sufficiently mixing
resins such as a binder resin, and a charge control

agent and a wax to be added as required by the use of
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a mixer such as a Henschel mixer or a ball mill;
mélting and kneading the mixture by using a heat
kneader such as a heat roll, a kneader, or an
extruder to make the resins compatible with each

5 other; dispersing or dissolving into the kneaded
product a pigment or a aye as a colorant, or a
magnetic substance, and an additive such as a metal
compound to be added as required; cooling the
resultant for solidification; pulveriéing the

10 solidified product by meéns of a pulverizer such as a
jet mill or a ball mill; and classifying the
pulverized product. A multi-division classifier is
preferably used in the classification step in terms
of production efficiency.

15 The toner for developing an electrostatic
charge image of the present invention having a
desired particle size can also-be obtained by:
dissolving a binder resin and a charge control agent
and the like into a solvent (for example, an aroﬁatié

20 hydrocarbon such as toluene or xylene, a halogenated
compound such as chloroform or éthylene dichloride, a
ketone such ‘as acetone or methyl ethyl ketbne, or an
amide such as dimethylformamide); mixing the
solution; subjecting the solution to stirring

25 treatment; placing the resultant in water for
reprecipitation; filtering and drying the

precipitate; pulverizing the solidified product by
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means of a pulverizer such as a jet mill or a ball
miil; and classifying the pulverized product. A
multi-division Cléssifier is preferably used in the
classificatibn step in terms of production efficiency.
The toner for developing an electrostatic
charge image of the present invention can also be
produced by means of the so-called polymerization
method described below. That is, in this case, the
toner for developing an electrostatic charge image of
the present invention can be obtained by: mixing and
dispersing a polymerizable monomer of a binder resin,
a charge control agent, a pigment or a dye as a
colorant, or a magnetic substance, and, as required,
materials such as a cross-linking agent, a |
polymerization initiator, a wax, another binder resin,
and other additives; subjecting the resultant\to
suspension polymerization in an aqueous dispersion
medium in the presence of a surfactant or the like to
syﬁthesize polymerizable colored resin particles;
subjecting the resultant particles to solid-liquid
separation; drying the resultant; and classifying the
resultant as' required. Furthermore, a colored fine
particle containing no charge control agent may be
prepared according to the above method, and the above
polymer may be fixed and added to particle.surface by
means of a mechanochemical method or the like alone

or together with an external additive such as
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colloidal silica.
| (Silica external additive)

In the present invention, silica fine powder is
preferably externally added to toner produced by
means of such methods as described above to improve
charging stability, developability, fluidity, and
durability, where one having a specific surface area
of 20 m?*/g or more (particularly 30 to 400 m%/g)
measured by nitrogen adsorption measured according fo
a BET method may be used to provide good results.

The amount of the silica fine powder to be used in
this case is about 0.01 to 8 parts by weight, or
preferably about 0.1 to 5 parts by weight with
respect to 100 parts by weight of toner particles.
The silica fine powder to be used at this time is
preferably treated with any one of treating agents
such as silicone varnish, various modified silicone
varnishes, silicone oil, wvarious modified silicone °
oils, silane coupling agents, silane coupliﬁg agents
each having a functional group, and other organic
silicon compounds. Those treating.agents may be
mixed before use.

(Inorganic powder)

Any one of the inorganic powders described
below is also preferably.added for improvipg the
developability and durability of the toner. Examples

of the inorganic fine powders include: oxides of
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metals such as magnesium, zinc, aluminum, cerium,
c&balt, iron, zirconium, chromium, manganese,
strontium, tin; and antimony; composite metal oxides
such as calcium titanate, magnesium titanate, and
strontium titanate; metal salts such as calcium
carbonate, magnesium carbonate, and aluminum
carbonate; clay minerals such as kaolin; phosphoric
acid compounds such as apatite; silicon compounds
such as silicon carbide and éilicon nitride; and
carbon powders such as carbon black and graphite. Of
those, fine powder of zinc oxide, aluminum oxide,
cobalt oxide, manganese dioxide, strontium titanate,
or magnesium titanate is preferably used.

(Lubricant)

Any one of the lubricant powders described

below may be further added to the toner. Examples of

-the lubricant powders include: fluorine resins such

as Teflon and polyvinylidene fluoride; fluorine
compounds such as carbon fluoride; aliphatié metal

salts such as zinc stearate; aliphatic acid

derivatives such as an aliphatic acid and an

aliphatic ester; and molybdenum sulfide.

(With regard to carrier)

The toner for developing an électrostatic
charge image of the present invention can be singly
used as4a nonmagnetic one-component developer, or can

be applied to any one of the conventionally known
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various toners such as a nonmagnetic toner
cénstituting a magnetic two-component developer
together with a magnetic carrier and a magnetic toner
to be singly used as a magnetic one-component toner.
S5 Any one of conventionally known carriers can be used

as a carrier to be used for a two-component
development method. To be specific, particles having
an average particle size of 20 to 300 um and formed
of metals such as surface-oxidized or unoxidized iron,

10  nickel, cobalt, manganese, chromium, and a rare earth,
and alloys or oxides of them can be used as carrier
particles. 1In the carrier to be used in the present
invention, the surfaces of the carrier particles are
preferably attached or coated with substances such as

15 a styrene-based resin, an acrylic resin, a silicone-
based resin, a fluorine-based resin, and a polyester
resin.

(Magnetic toner)
The toner for developing an electrostatic

20 charge image of the present invention may contain a
magnetic material in its toner particles to serve as
magnetic tomer. 1In this case, the magnetic material
can also function as a colorant. Examples of the
magnetic material to be used at this time include:

25 iron oxides such as magnetite, hematite, and ferrite;
and metals such as iron, cobalt, and nickel, and

alloys and mixtures of these metals with metals such
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as aluminum, cobalt, copper, lead, magnesium, tin,
zinc, antimony, beryllium, bismuth, cadmium, calcium,
manganese, selenium, titanium, tungsten, and vanadium.
The magnetic material that can be used in the present
invention has an average particle size of preferably

2 um or less, and more preferably about 0.1 to 0.5 um.:
The amount of the magnetic material in the toner is
preferably éO to 200 parts by weight, or particularly
préferably 40 to 150 parts by weight with respect to
100 parts by weight of the binder resin.

It is necessary to make it possible to
faithfully develop finer latent image dots for
achieving further improved image quality. 'To this
end, the weight average particle size of the toner
particles for developing an electrostatic charge
image of the present invention is preferably adjusted
to fall within the range of 4 pm to 9 um. That is,.
toner particles having a weight average particle size
of less than 4 pm are not preferable becausé transfer
efficiency reduces and the amount of transfer
residual toner remaining oq a photosensitive member
is apt to iricrease, which tends to result in image
unevenness based on fogging and insufficient transfer.
Toner particles having a weight aﬁerage particle size
in excess of 9 um are apt to cause scattering around
a letter or a line image. ‘

In the present invention, the average particle
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size and particle size distribution of the toner were
méasured by using a Couiter Counter TA-II or a
Coulter Multisizer (manufactured by Beckman Coulter)
connected with an interface (manufactured by Nikkaki-
Bios) and a personal computer for outputting a number
distribution and a volume distribution. An 1% NaCl
agueous solution is prepared as an electrolyte to be
used in the measurement by using first class sodium
chloride. For example, a commercially available
ISOTON R-II (manufactured by Coulter Scientific Japan
Ltd.) mayﬂalso be used as an electrolyte. A specific
measurement.method is as follows. 100 to 150 ml of
the electrolyte is added with 0.1 to 5 ml of a
sﬁrfactant (preferably an alkylbenzene sulfonate).as
a dispersant. Furthermore, 2 to 20 mg of a sample to
be measured is added to prepare a sample for
measurement. At the time of measurement, the
electrolyte into which the sample to be measured was
suspended was subjected to ‘dispersion treatment for
about 1 to 3 minutes by using an ultrasonic
dispersing unit,.and the volume and number of toner
having a particle size of 2 pm or more were measured
by means of Coulter counter TA-II using a 100 pm
aperture to calculate a volume distribution and a
number distribution. Subsequently, a volume—based
weight average particle size (D4) and a number-based

length average particle size (D1l) were determined
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from the volume distribution and the number
distribution according to the present invention,
respectively.

(Charge amount)

The toner for developing an electrostatic
charge image 6f the present invention‘has a charge
amount per unit weight (two—component‘method) of
preferably - 10 to - 80 uC/g, and more preferably
- 15 to - 70 pC/g, for improving transfer efficiency
in a transfer method involving the use of a transfer
member to which a voltage is applied.

A method of measuring a charge amount ,{two-
component triboelectrification) according to a two-
component method used in the present invention wili
be described below. A charge amount measuring device
shéwn in Fig. 7 was used for the measurement. First,
in a constant environment, an EFV 200/300
(manufactured by Powder Tech) is used as a carrier,
and a mixture obtained by adding 0.5 g of toner to be
measured to 9.5 g of the carrier is placed in a
polyethylene bottle having a volume of 50 to 100 ml.
The bottle is set in a éhaker with a constant
amplitude, and is shaken for a predetermined period
of time under shaking conditions of: an amplitude of
100 mm; and a shaking speed of 100 reciprocations/min.

Next, 1.0 to 1.2 g of the mixture are placed in

a metallic measurement container 42, which has a 500-
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mesh screen 43 at its bottom, of a charge amount
méasuring device 41 shown in Fig. 7, and the
container is capped with a metallic cap 44. The
weight of the entire measurement container 42 is
ﬁeasured and designated as W1l (g). Next, the toner
in the container is sucked through a suction port 47
by means of a sﬁcker (not shown) (at least part of
the sucker in contact with the measurement container
42 is made of an insulator), and an air quantity
regulating valve 46 is adjusted in such a manner that
a vacuum gage 45 indicates a pressure of 2,450 Pa
(250 mmAg). Suction is performed for 1 min in this

state to suck and remove the toner. The potential of

a potentiometer 49 is designated as V (volt). Here,

reference numeral 48 denotes a capacitor having a
capacity of C (pF). In addition, the weight of the
entire measuring device after the suction is méasured
and designated as W2 (g). The frictional charge
amount.of the toner is calculated from those measured
values according to the following equation.
Frictional charge amount (pC/g) = C x V/ (W1 - W2)

(Method of measuring molecular weight and
molecular weight distribution of binder resin)

In addition, a binder resin to be used as a
constituent of the toner for developing an
electrostatic charge image of the present invention

preferably has a peak in a low-molecular-weight
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region in the range of 3,000 to 15,000 in molecular
weight distribution by means of GPC particularly when
produced by means of the pulverization method. That
is, when a GPC peak in a low-molecular-weight region
exceeds 15,000, an improvement in transfer efficiency
may be insufficient. It is ﬁot preferable to use a
binder resin having a GPC peak in a low-molecular-
weight region of less than 3,000 because‘fusion is
apt to occur at the time of surface treatment.

In the present invention, the molecular weight
of the binder resin was measured by gel permeation
chromatography (GPC). A specific measurement method
according to GPC involved: using a sémple for
measurement obtained by extracting toner with a
tetrahydrofuran (THF) solvent for 20 hours by using a
Soxhlet extractor; connecting A—80l; 802, 803, 804,
805, 806, and 807 manufactured by Showa Denko K. K.
to constitute a column; and measuring a molecular
weight distribution using a' calibration curve drawn
by using standard polystyrene resin. In addition, in
the present invention, a binder resin having a ratio
(Mw/Mn) of a weight average molecular weight (Mw) and
a number average molecular weight (Mn) measured as
described above in the range of 2 to lOO.is
preferably used. |
<Glass transition point of toner>

Furthermore, the toner of the present invention
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is prepared by using an appropriate material to have:
a'glass transition point in the range of preferably
40°C to 75°C, or more preferably 52°C to 70°C from
the viewpoints of fixability and storage stability.
In this case, the glass transition point Tg may be
measured by using a differential scanning calorimeter
of a high-precision inner heat input compensation
type such aé a DSC~7 manufactured by PerkinElmer. A
measurement method is performed in accordance with
ASTM D 3418-82. 1In the present invention, it is
recommended that in measuring the glass transition
point Tg, a DSC curve be used, which is measured by:
increasing the temperature of a sample to be measuréd

once to erase entire hysteresis; quenching the

. sample; and increasing the temperature again at a

rate of temperature rise of 10°C/min in the
temperature range of 0 to 200°C.

(Image forming'metﬁod and apparatus)

The toner for developing an electrostatic
charge image of the present invention having such a
structure as described above is particularly
preferably applied to an image forming method and
apparatus respectively including the steps of, and
means for, externally applying a Voltage to a
charging member to charge an electrostaticllatent‘
image-bearing member; forming an electrostatic charxge

image on the charged electrostatic¢ latent image-
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béaring member; developing the electrostatic charge
imége with toner to form a toner image on the
electrostatic latent imaje—bearing member;
transferring the toner image on the electrostatic
latent image-bearing member onto a recording
material; and fixing the toner image on the recording
material under heating, or to an image forming method

in which.the transferring step is comprised of: a

first transferring step of transferring the toner

image.oﬁ the electrostatic latent image—bearing
member onto an intermediate transfer member; and a
second transferring step of transferring the toner
image on the intermediate transfer member onto the
recording material, and an image forming apparatus in
which the means for carrying out the transferring
step is comprised of a means for carrying out the
first transferring step and a means for cérrying out
the second transferring step. |

In the present invention, the reaction.solvent,
temperature and tiﬁe in the chemical reaction, the
purification method, the charge control agent, and so
forth are not limited to those described above.

The inventors of the present invention have
found that the polymer described above has very
excellent properties as a charge control agent. This
will be shown in Examples described later.

It should be noted that the polymer according
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to the present invention has high safety for a human
bddy and an environment.
EXAMPLES

Hereinafter, the present invention will be
described in more detail by way of examples.

First, the polymer, the method of producing the
polymer, and the compound provided by the present
invention will be described by way of Examples A-1 to

R-2. Next, usefulness of the polymer or the like

‘according to the present invention will be described

by way of Examples 1 to'40 while using comparative
examples.

The polymer and compound, and the methods of
producing them according to the present invention are
not limited to the following examples.

In each of the following experiments, the
structure of the resultant polymer was determined
through analysis according to 'H-NMR (FT-NMR: Bruker
DPX 400; resonance frequency: 400 MHz; measured
nuclear species: 'H; solvent used: DMSO-ds;
measurement temperature: room temperature), Fourier
fransformation—infrared absorption (FT-IR) spectrum
(Nicolet AVATAR 360FT-IR).

The average molecular weight of the resultant
polymer was evaluated by means of gel permeation
chromatography (GPC; Tosoh Corporation, column;

Polymer Laboratories PLgel 5 p MIXED-C, solvent;
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DMF/LiBr 0.1% (w/v), in terms of polystyrene).
| An electric potential titration device AT510

(manufactured by Kyoto Electronics Manufacturing) was
used for acid value titration.

Example A-1

With reference to Makromol.Chem, 186, 1711-1720
(1985), a copolymer containing a unit represented by
the following formula (A-0) at a content ratio (mol%)
of (M) : (F) = 90 : 10 was obtained by
copolymerizaiton of methacrylic acid with styrene and

used for the following experiment.

—{-oH—onp— —f-c; 3}

0 B a0

- Under a nitrogen atmosphere, 1.4998 g of the
polymer and 1.3710 g of p-toluidine-2-sulfonic acid
were placed in a 200-ml three-necked flaék, 56.5 ml
of pyridine were added to thé flaék, and the mixture
was stirred. Thereafter, 3.84 ml of triphenyl
phosphite were added, and heated at 120°C for 6 hours.

After completion of the reaction, the resulting
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product was re-precipitated in 565 ml of ethanol, and
recovered. The resultant polymer was washed with 1-N

hydrochloric acid for 1 day, ‘and then, was stirred in

‘water for 1 day to wash the polymer, followed by

drying under reduced pressure.

| As a result of IR measurement, a peak at 1,695
cm™' derived from a carboxylic acid was reduced, and a
peak derived from an amide group was newly observed
at 1,658 cm™.

'"H-NMR confirmed that the resultant polymer was

a copolymer containing 10 mol% of a unit represented
by the following formula (A-1) because a peak derived

from a methyl group of p-toluidine-2-sulfonic acid

shifted.

, CH,
o]
——0
H—N
SO,H
CH, (A—1)

The resultant polymer had a number average
molecular weight M, of 22,000 and a weight average

molecular weight M, of 56,000.
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The preparation method was expanded to produce
50 g of the compound. The compound was designated as
Exemplified Compound A-1 and used for toner
preparation and evaluation.

Example A-2

0.9980 g of the polymer obtained in Example A-1
waé placed in a 300-ml round-bottomed flask. Then,
70 ml of chloroform and 17.5 ml of methanol were
added to dissolve the polymer, and the solution was
cooled to 0°C. 4.89 ml of a 2-mol/L
trimethylsilyldiazomethane-hexane solution
(manufactured by Aldrich) were added to the solution,
and stirred for 4 hours. After the completion of the
reaction, the solvent was distilled away by using an
evaporator, and then the polymer was recovered.
Furthermore, 70 ml of chloroform and 17.5 ml of
methanol were added to dissolve the polymer again.
Then, the solvent was distilled aWay by using an
evaporator. This operation’'was repeated 3 fimes. The

recovered polymer was dried under reduced pressure to

yield 0.9772 g of polymer. 'H-NMR confirmed that the

resultant polymer was a copolymer containing' 10 mol%
of a unit represented by the following formula (A-2)
because a peak derived from methyl sulfonate was

observed at 3 to 4 ppm.
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(- CH; /
—0
H—N
o S0CH,
%
, CH, (A—2)

In addition, acid value titration revealed that

~ the sulfonic acid was transformed into methyl

sulfonate because no equivalent point derived from
the sulfonic acid was observed.

The resultant polymer had a number average
molecular weight M, of 22,000 and a weight average
molecular weight M, of 54,000.

The preparation method waé expanded to produce
50 g of the compound. The compound was deéignated as
Exemplifiéd Compound A-2 and used for toner
preparation and evaluation.

Example B-1

Poly(methyl methacrylate~co-methacrylic acid)
manufactured by ALDRICH was used as a raw material
polymer. The polymer waé dissolved in chloroform,
re-precipitated in methanol 3 times, and was used fof

reaction. Under a nitrogen atmosphere, 1.5024 g of
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the polymer and 3.3612 g of 2-aminobenzenesulfonic
acid were placed in a 200-ml three-necked flask.
56.5 ml of pyridine was added to the flask, and the
mixture was stirred. Thereafter, 10.17 ml of
triphenyl phosphite were added, and the whole was
heated at 120°C for 6 hours: After completion of the
reaction, the resultant was re-precipitated in 565 ml
of ethanol, followed by recoﬁery. The resultant
polymer was washed wifh 1-N hydrochloric acid for 1
day, and then was stirred in water for 1 day to wash
the polymer, followed by drying under reduced
pressure. ‘

As a result of IR measurement, a peak at 1,695
cm™t derived from a carboxylic acid was reduced, and a
peak derived from an amide group was newly observed
at 1,658 cm.

'H-NMR confirmed that the resultant polymer was
a copolymer containing 25 mol% of a unit represented
by the following formula (B-1) because a peék‘derived
from an aromatic ring of the 2-aminobenzenesulfonic

acid structure shifted.
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CH,
—(‘Cﬂz—*}— |
0
H—N
SO.H

- (B—1)

The resultant polymer had a number average
molecular weight M, of 14,006 and a weight average
ﬁolecular weight Mw'of 33,000.

The preparation method was expanded to produce
50 g of the compound. The compound was designated as
Exemplified Compound B-1 and used for toner
preparation and evaluation.

Example B-2

1.0020 g of the polymer obtained in Example B-1
was placed in a 300-ml round-bottomed flask; Then,
70 ml of chloroform and 17.5 ml of methanol were
added to dissolve the polymer, and the solution was
cooled to 0°C. 12.94 ml of a 2-mol/L
trimethylsilyldiazomethane-hexane solution
(manufactured by Aldrich) were added to the solution,
and stirred for 4 hours. After completion of the
reaction, the solvent was distilled away by using an

evaporator, and then the polymer was recovered.
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Furthermore, 70 ml of chloroform and 17.5 ml of
methanol weré added to dissolve the polymer again.
Then, the solvent was distilled away by using an
evaporator. This operation was repeated 3 times. The
recovered polymer was dried under reduced pressure to
yield 0.9445 g of a polymer.

| 'H-NMR confirmed that the resultant polymer was
a copolymer containing 24 mol% of a unit represented

by the following formula (B-2) because a peak derived

from methyl sulfonate was observed at 3 to 4 ppm.

CH,
o)

——
H—N

- S0:CHy

= (B-2)

In addition, acid value titration revéaled that
the sulfonic acid was transformed into methyl

sulfonate because no equivalent point derived from

*the sulfonic acid was observed.

The resultant polymer had a number average
molecular weight M, of 13,000 andba welght average
molecular weight M, of 32,000.

The preparation method was expanded to produce

50 g of the compound. The compound was designated as
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Exemplified Compound B-2 and used for toner
preparation and evaluation.

Example C-1

The same raw material polymer as in Example B-1
was used. Under a nitrogen atmosphere, 1.5003 g of
the polymer and 3.3620 g of 4-aminobenzenesulfonic
acid were placed in a 200-ml three-necked flask.
56.5 ml of pyridine were added to the flask, and the
mixture was stirred. Thereafter, 10.17 ml of
triphenyl phosphite were added, and was heated at
120°C for 6 hours. After completion of the reaction,
the resultant was ré—precipitated in 565 ml of
ethanol, follbwed by recovery. The resultant polymer
was washed with 1-N hydrochloric acid for 1 day, and
then, was stirred in water for 1 day to wash the
polymer, followed by drying under reduced pressure.

As a result of IR measurement, a peak at 1,695
cm™! derived from a carboxylic acid was reduced, and a
peak derived from an amide group was newly‘observed
at 1,658 cm ™t

'H-NMR confirmed that the resultant polymer was

a copolymer containing 23 mol% of a unit represented

by the following formula (C-1) because a peak derived

from an aromatic ring of the 4-amihobenzenesulfonic

acid structure shifted.
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\ CHZ /
———)
H—N
~
=
S0,H (C—1)

The resultant polymer had a number average
molecular weight My bf 13,000 and a weight average
molecular weight M, of 32,000.

The preparation method was expanded to produce
50 'g of the compound. The compound was designated as
Exemplified Compound C-1 and used for toner
preparation and evaluation.

Example C-2

1.0012 g of the polymer obtained in Egample c-1
was placed in a 300-ml round-bottomed flask. Then,
70 ml of chloroform and 17.5 ml of methanol were
added to dissolve the polymer, and the solution was
cooled to 0°C. 12.94 ml of a 2-mol/L
trimethylsilyldiazomethane—hexane‘solution
(manufactured by Aldrich) was added to the solution,
ahd stirred for 4 hours. After cbmpletion of the

reaétion, the solvent was distilled away by using an
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evaporator, and then the polymer was recovered.
Furthermore, 70 ml of chloroform and 17.5 ml of
methanol was added to dissolve the polymer again.
Then, the solvent was distilled away by using an
5 evaporator. This operation was repeated 3 times. The
recovered polymer was dried under reduced pressure to
yield 0.9332 g of a polymer.
'H-NMR confirmed that the resultant polymer was
a copolymer containing 22 mol% of a unit represented
10 by the following formula (C-2) because a peak derived

from methyl sulfonate was observed at 3 to 4 ppm.

CH,
[ )
{ CH; ]
—0
H——N
$0,CH,

(C—2)

In addition; acid value titration revealed that
the.sulfonic acid was transformed into methyl
15 sulfonate because né equivalent point derived from
the sulfonic-acid was. observed.

The resultant polymer had a number average
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molecular weight M, of 12,000 and a weight average
molecular weight M, of 32,000.

The preparation method was expanded to produce
50 g of the compound. The compound was designated as
Exemplified Compound C-2 and used for toner
preparation and evaluation.

Example D-1

The same raw material polymer as in Example B-1
was used. Under a nitrogen atmosphere, 1.4980 g of
the polymer and 3.3650 g of 3-aminobenzenesulfonic
acid were placed in a 200-ml three-necked flask.

56.5 ml of pyridine.were added to the flask,eand the

mixture was stirred. After that, 10.17 ml of

triphenyl phosphite were added, and was heated at
120°C for 6 hours. After completion of the reaction,
the resultant was re-precipitated in 565 ml of

ethanol, followed by recovery. The resultant polymer

| was washed with 1-N hydrochloric acid for lvday, and

was then stirred in water for l'day to wash'the
polymer, follohed by drying under reduced pressure.
"As a result of IR measurement, a peak at 1,695
cm™ derived from a carboxylic acid was reduced, and a
peak derived from an amide group was newly observed
at 1,658, cm™.
'H-NMR confirmed that the resultant polymer was

a copolymer containing 20 mol% of a unit represented

by the following formula (D-1) because a peak derived
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from an aromatic ring of the 3-aminobenzenesulfonic

acid structure shifted.

CH,
o
 mo—
H—N
SO,H

(D-1)

The resultant polymer had a number average
molecular weight M, of 11,000 and a weight average
molecular weight M, of 30,000. \

The preparation method was expanded to produce
50 g of the compound. The compound was designated as
Exemplified Compound D-1 and used for toner
preparation and evaluation.

Example D-2

0.9975 g of the polymgr obtained in Example D-1
was placed in a 300-ml round-bottomed flask. Then,
70 ml of chloroform and 17.5 ml of methanol were
added to dissolve the polymer, and the solution was
cooled to 0°C. 12.94 ml of a 2-mol/L
trimethylsilyldiazomethane-hexane solution
(manufaétured by Aldrich) weré added to the solﬁtion,

and the whole was stirred for 4 hours. After the
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completion of the reaction, the solvent was distilled
away by using an evaporator, and then the polymer was
recovered. Furthermore, 70 ml of chloroform and 17.5
ml of methanol were added to dissolve the polymer
again. Then, the solvent was distilled away by using
an evaporator. This operation was repeated 3 times.
The recovered polymer was dried under reduced
pressure.to yield 0.9579 g of a polymer.

'H-NMR confirmed that the resuitant polymer was
a copolymer containing 20 mol% of a unit represented
by the following formula (D-2) because a peak derived

from methyl sulfonate was observed at .3 to 4 ppm.

CH

3
o

2

H—N

008 ooz

In addition, acid value titration revealed that
the sulfonic acid was transformed into methyl
sulfonate because mo equivalent pbint derived from
the sulfonic acid was observed.

The resultant polymer had a number average

molecular weight M, of 10,000 and a weight average
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molecular weight M, of 30,000.

The preparation method was expanded to produce
50 g of the compouﬁd. The compound was designated as’
Exemplified Compbund D-2 and used for toner
preparation and evaluation.

Example E-1

The same raw material polymer as inlExample A-1
was used. Under a nitrogen atmosphere, 1.5012 g ﬁf‘

the polymer and 1.4870 g of 4-methoxyaniline-2-

sulfonic acid were placed in a 200-ml three-necked

flask. 56.5 ml of pyridine were added to the flask,
and the mixture was'stirred. After that, 3.84 ml of
triphenyl phoéphite were added, and was heated at
120°C for 6 hours. After completion of the reaction,
the resultant was reprecipitated in 565 ml of ethanol,
followed by recovery. The resultant polymer was
washed with 1-N hydrochloric acid for 1 day, and was
then stirred in water for 1 day to wash the polymer,
followed by drying under réduéed pressure..

As a result of IR measurement, a ﬁéak at 1}695
cm™ derived from a carboxylic acid was reduced, and a

peak derived from an amide group was newly observed

at 1,658 cm™.

‘'H-NMR confirmed that the resultant polymer was
a copolymer containing 9 mol% of a unit represented
by the following formula (E-1) because a peak derived

from a methoxy group of 4-methoxyaniline-2-sulfonic
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CH,
[ \
T CH
—0
H—N
SO
=
OMe (E~1)

The resuitant bolymer had a number average
moleéglar welght M, of 23,000 and a weight average
molecular weight M, of 56,000. The preparation method
was expanded to produce 50 g of the compound. The
compound was designated as Exemplified Compound E-1
and used for toner preparation and evaluation.

Example E-2

.1.0045 g of the polymer obtained in Egample E-1

was placed in a 300-ml round-bottomed flask. Then,

'70.ml of chloroform and 17.5 ml of methanol were

added to dissolve the polymer, and the solution was

v cooled to 0°C. 4.89 ml of a 2-mol/L

trimethylsilyldiazomethane-hexane solution
(manufactured by Aldrich) was added to the solution,
and was stirred for 4 hours. After completion of the

reaction, the solvent was distilled away by using an
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evaporator, and then the polymer was recovered.
Furthermore, 70 ml of chléroform and 17.5 ml of
methanol were added to dissolve the polymer again.
Then, the solvent was distilled away by ﬁsing an
5 evaporator. This operation was répeated 3 times. The
rrecovered polymer was dried under reduced preésure to
yield 0.9560 g of a polymer.
'H-NMR confirmed that the resultant polymer was
a copolymer containing 9 mol% of a unit represented
iO by the following formula (E-2) because a peak derived'

from methyl sulfonate was observed at 3 to 4 ppm.

. CH,
{ \
\ C.Hz /
——
H—AN
- S0CH
_—
OMe (E—2)

In addition, acid value titration revealed that
the sulfonic acid was transformed into methyl
15 sulfonate because no equivalent point derived from
the sulfonic acid was observed.

The resultant polymer had a number average
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molecular weight M, of 22,000 and a weight average
molecular weight M, of 54,000.

The preparation method was expanded to produce
50 g of the compound. The compound was designated as
Exemplified Compound E-2 and used for toner
preparation and evaluation.

Example F-1

The same raw material polymer as in Example B-1
was used. Under a nitrogen atmosphere, 1.5068 g of
the polymer and 4.8362 g of 4-aminobenzene phenyl
sulfonate were placed in a 200-ml three-necked flask.
56.5 ml of pyridineAwas added to the flask, and the
mixture was stirred. .Thereafter that, 10.17Iml of

triphenyl phosphite was added, and heated at 120°C

‘for 6 hours. After completion of the reaction, the

reéultant was re-precipitated in 565 ml of ethanol,
followed by recovéry. The resultant polymer was
washed with 1-N hydrochloric acid for 1lday, and was
then stirred in water for 1 day to wash the'polymer,
followed by drying under reduced pressure.

"As a result of IR measurement, a peak at 1,695
cm? derived from a carboxylic acid was reduced, and a
peak derived from an amide group was newly observed
at 1,658 pnfl.

'H-NMR confirmed that the resultant polymer was

a copolymer containing 25 mol% of-a unit represented

by the following formula (F-1) because a peak derived
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from an aromatic ring of the 4-aminobenzene phenyl

sulfonate structure shifted.

_{
\

(F—1)

The resultant polymer'had a number average
molecular weight Mn of 13,000 and a weight average
molecular weight M, of 32,000.'

The preparation method was expanded to produce
50 g of the compound. The compound was designated as
Exemplified Compound F-1 and used for toner
preparation and evaluation.

Example G-1

The same raw material polymer as in Example B-1

was used. Under a nitrogen atmosphere, 1.4889 g of

- the polymer and 4.8381 g of Z2-aminobenzene phenyl

sulfonate were placed in a 200-ml three-necked flask.

56.5 ml of pyridine was added to the flask, and the



WO 2005/108441 PCT/JP2005/009015

10

15

184

mixture was stirred. Thereafter, 10.17 ml of

triphenyl phosphite was added, and heated at 120°C

for 6 hours. After completion of the reaction, the

resultant was re-precipitated in 565 ml of ethanol,
followed by recovery. The resultant polymer was
washed with 1-N hydrochloric acid for 1 day, and then,
was stirred in water for 1 day to wash the polymer,
followed by drying under reduced pressure.

As a result of IR measurement, a peak at 1,695
cm™ derived from a carboxylic acid was reduced, and a
peak derived from an amide group was newly observed
at 1,658 cm. |

'H-NMR confirmed that the resultant polymer was
a copolymer éontaining 22 mol% of a unit represented
by the following formula (G-1) because a peak derived

from an aromatic ring of the 2-aminobenzene phenyl

sulfohate structure shifted.

CH

..\
Q
—

(G—1)

The resultant polymer had a number average
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molecular weight M, of 13,000 and a weight average
molecular weight M, of 33,000.

The preparation method was expanded to produce
50 g of the compound. The compound was designated as
Exemplified Compound G-1 and used for toner
preparation and evaluation.

Example H-1

The same raw material polymer as that of
Example B-1 was used. Uﬁder a nitrogen atmosphere,
1.5001 g of the polymer and 4.3320 g of 2-amino-1-
naphthalenesulfonic acid were placed in a 200-ml
three-necked flask. 56.5 ml of pyridine were added
to the flask, and the mixture was stirred. After
that, 10.17 ml of triphenyl phosphite were added, and
the whoie was heated at 120°C for 6 hours. After the
completion of the reaction, the resultant was re-
precipitated in 565 ml of ethanol, followed by
recovery. The resultant polymer was washed with 1-N
hydrochloric acid for 1 day, and then, was étirred in
water for 1 day to wash the polymer, followed by
drying under reduced pressure.

‘As a result of IR measurement, a peak at 1,695
cm™? derived from a carboxylic acid was reduced, and a
peak derived from an amide group was newly obsérved
at 1,658 cm .

'H-NMR confirmed that the resultant polymer was

a copolymer containing 20 mol% of a unit represented
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by the following formula (H-1) because a peak derived
from a naphthyl structure of 2-amino-1-

naphthalenesulfonic acid shifted.

CH,
[ CH \
Whdr’ /
——0
H—N
SO.H

\ 3

(H-1)

The resultant polymer had a number average
molecular weight M, of 12,000 and a weight average
molecular weight M, of 34,000.

The preparation method was expanded to produce

50 g of the compound. The compound was designated as

Exemplified Compound H-1 and used for tonef
preparation and evaluation.

" Example H-2

0.9879 g of the polymer obtained in Example H-1

was placed in a 300-ml round-bottomed flask. Then,
70 ml of chloroform and 17.5 ml of methanol were
added to dissolve the poiymer, and the solution was
cooled to 0°C. 12.94 ml of a 2-mol/L

trimethylsilyldiazomethane-hexane solution
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(manufactured by Aldrich) was added to the solution,
and stirred for 4 hours. After completion of the
reaction, the solvent was distilled away by using an
evaporator, and then the polymer was recovered.

5 "PFurthermore, 70 ml of chlorofoim and 17.5 ml of
methanol was added to dissolve the pblymer again.
Then, the solvent was distilled away by using an
evaporator. This operation was repeated 3 times. The
recovered polymer was dried under reduced pressure to

10 yield 0.9662 g of a polymer.
'H-NMR confirmed that the resultant polymer was
a copolymer céntaining 20 mol% of a unit represented
’ bytthe following formula (H;2) because a peak derived

from methyl sulfonate was observed at 3 to 4 ppm.

(H-2)
15
In addition, acid value titration revealed that
the sulfonic-acid was transformed into methyl-

sulfonate because no equivalent point derived from
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the sulfonic acid was observed.

The resultant polymer had a number average
molecular weight M, of 11,000 and a weight average
molecular weight M, of 32,000.

The preparation method was expanded to produce
50 g of the compound. The compound was designated as
Exemplified Compound H-2 and used for toner
preparation and evaluation.

Example I-1

The same raw material polymer as in Example A-1
was used.

Under a nitrogén atmosphere, 1.5060 g of the
polymer and 1.6342 glof l-naphthylamine-8-sulfonic
acid were placed in a 200-ml three-necked flask.

56.5 ml of pyridine Was added to the flask, and the
mixture was stirred. Thereafter, 3.84 ml of
triphenyl phosphite were added, and heated at 120°C
for 6 hours. After completion of the reaction, the
resultant was re-precipitated in 565 ml of éthanol,
followed by recovery. The resultant polymer was
washeéd with 1-N hydrochloric acid for 1 day, and was
then stirred in water for 1 day to wash the polymer,
followed by drying under reduced pressure.

As a result of IR measurement, a peak at 1,695
cm™t derived from a carboxylic acid was reduced, and a
peak derived from an amide group was newly Qbsérved

at 1,658 cm™'. 'H-NMR confirmed that the resultant
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polymer was a copolymer containing 7 mol% of a unit
represented by the following formula (I-1) because a
peak derived from a naphthyl structure of 1-

naphthylamine-8-sulfonic acid shifted.

CH

|
\

~]

CH;

(I-1)

The resultant polymer had a number average
molecular weight M, of 21,000 and a weight average
molecular weight M, of 48,000.

The preparation method was expanded to produce

10 50 g of the compound. The compound was designated as
Exempiified Compound I-1 and used for tonef'
preparation and evaluation.

" Example I-2

1.0025 g of the polymer obtained in Example I-1

15 was placed in a 300-ml round-bottomed flask. Then,
70 ml of chloroform and 17.5 ml of methanol were
"added to dissolve the polymer, and the solution was
‘cooled to 0°C. 4.89 ml of a 2-mol/L

trimethylsilyldiazomethane-hexane solution
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(manufactured by Aldrich) were added to the solution,
and the whole was stirred for 4 hours. After
completion of the reaction, the solvent was distilled
away by using an evaporator, and then the polymer was
5 recovered. Furthermore, 70 ml of chloroform and 17.5
ml of methanol were added to dissolve the polymer
again. Then, the solvent waé distilled away by using
an evaporator. This operation was repeated 3 times.
The recovered'polymer was dried under reduced
10 pressure to yield 0.9668 g of a polymer.
'H-NMR confirmed that the resultant polymer was
a copolymer containing 7 mol% of a unit represented
by the following formula (I-2) because a peak derived

from methyl sulfonate was observed at 3 to 4 ppm.

——

\
CH ]

H—N  so.0n,

: (1-2)
15
In addition, acid value titration revealed that
the sulfonic acid was transformed into methyl
sulfonate because no equivalent point derived from

the sulfonic acid was observed.

20 The resultant polymer had a number average
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molecular weight M, of 20,000 and a weight average
molecular weight M, of 46,000.

The preparation method was expanded to produce
50 g of the compound. The compound was designated as
Exemplified Compound I-2 and used for toner
preparation and evaluation.

Example J-1

The same raw material polymer as in Example A-1
was used. Under a nitrogen atmosphere, 1.5052 g of
the polymer and 1.1200 g of 2-~amino-2-
methylpropanesulfonic acid were placed in a 200-ml
three-necked flask. 56.5 ml of pyridine was added to
the flask, and the mixture was stirred. Thereafter,
3.84 ml of'triphenyl phosphite was added, and heated
at 120°C for 6 hours. After completion of the
reaction, the resultant was re-precipitated in 565 ml
of ethanol, followed by recovery. Thg resultant
polymer was washed with 1-N hydrochloric acid for 1
day, and then, was stirred 'in water for 1 déy to wash
the polymer, followed by drying under reduced
pressure.

As a résult of IR measurement, a peak at 1,695
cm™ derived from a carboxylic acid reduced, and a
peak derived from-an amide group was newly observed
at 1,668 cm'. 'H-NMR confirmed that the resultant
polymer was a copolymer containing 8 mol% of a unit

represented by the following formula (J-1) because a
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peak derived from a methyl group of 2-amino-2-

methylpropanesulfonic acid shifted.

CH,
( CH \
Tﬁ‘ 2 ]
——0
H~——N
H,C————CH,
P
SO,H

(J—1)

The resultant polymer had a number average
molecular weight M, of 20,000 and a weight average
molecular weight M, of 46,000.

The preparation method was expanded to produce
50 g of the compound. The compound was designated as
Exemplified Compound J-1 and used for toner
preparation and evaluation.’

Example J-2

©0.9985 g of the polymer obtained in Example J-1
was placed in a 300-ml round-bottomed flask. Then,
70 ml‘of chloroform and 17.5 ml of methanol were -
added to dissolve the polymef, and the solution was
cooled to 0°C. 4.89 ml of a 2-mol/L
trimethylsilyldiazomethane-hexane solution

(manufactured by Aldrich) was added to the solution,
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and stirred for 4 hours. After completion of the
reaction, the solvent was distilled away by using an
evaporator, and then the polymer was recovered.
Furthermore, 70 ml of chloroform and 17.5 ml of

5 methanol were added to dissolve the polymer again.
Then, the solvent was distilled away by uéing an
evaporator. This operation was repeated 3 times. The
recovered polymer was dried under reduced pressure to
yield 0.9350 g of a polymer.

10 'H-NMR confirmed that the resultant polymer‘was
a copolymer containing 8 mol% of a unit represented
by the following‘fofmula (J-2) because a peak derived

from methyl sulfonate was observed at 3 to 4 ppm.

CH,
{ \
T CH; /
—0
H———N
H,C——7—CH,
[
S0,CH
Y -2
15 In addition, acid value titfation revealed that

the sulfonic acid was transformed into methyl
sulfonate because no equivalent point derived from

the sulfonic acid was observed.
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The resultant polymer had a number average
molecular weight M, of 18,000 and a weight average
molecular weight M, of 38,000.

The preparation method was expanded to produce

5 50 g of the compound. The compound was designated as
Exemplified Compound J-2 and used for toner
preparation and evaluation.

Example K-1

The same raw material polymer as in Example B-1

10 was used. Under a nitrogen atmosphere, 1.5043 g of
the polymer and 2.4256 g of taurine were placed in a
200-ml three-qecked.flésk. 56.5 ml of pyridine was
added to the flask, and the mixture was stirred.
Thereafter, 10.17 ml of triphenyl phosphite was added,

15 and heated at 120°C for 6 hours. After completion of -

~the reaction, the resultant was re-precipitated in
565 ml of ethanol, followed by recovery. The
resultant polymer was washed with 1-N hydrochloric
acid for 1 day, and then, was stirred in wa£er for 1

20 day to wash the polymer, followed by drying under
reduced pressure. '

As a result of IR measurement, a peak at 1,695
‘em™! derived from a carboxylic acid was reduced, and a
peak derived from an amide group Qas newly observed

" 25 at 1,668 cm'. 'H-NMR confirmed that the resultant
polymer was a copolymer containing 15 mol% of a unit

represented by the following formula (K-1) because a
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peak derived from a methylene structure of taurine

shifted.
CH
Fen—
————0
H——N
b
S0H (K—1)

The resultant bolymer had a number average
molecular weight M, of 10,000 and a weight average
molecular weight M, of 33,000.

The preparation method was expanded to produce
50 g of the compound. The compound was designated as
Exemplified Compound K-1 and used for toner
preparation and evaluation.

Example K-2

1.0002 g of the polymer obtained in Example K-1

was placed in a 300-ml round-bottomed flask. Then,

'70 ml of chloroform and 17.5 ml of methanol were

added to dissolve the polymer, and the solution was
cooled to 0°C. 12.94 ml of a 2-mol/L
trimethylsilyldiazomethane-hexane solution
(manufactured by Aldrich) was added to the solution,

and stirred for 4 hours. After completion of the
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reaction, the solvent was distilled away by using an
evaporator, and then the polymer was recovered.
Furthermore, 70 ml of chloroform and 1%.5 ml of
methanol were added to dissolve the polymer again.
Then, the solvent was distilled away by using an
evaporator. This operation was repeated 3 times. The
recovered polymer was dried under reduced pressure to
yield 0.9652 g of a polymer.

'H-NMR confirmed that the resultant polymer was
a copolymer containing 15 mol% of a unit represented
by the following formula (K-2) because a peak derived
from methyl sulfonafe was observed at 3 to 4 pbm. In
addition, acid valué titration revealed that the
sulfonic acid was transformed into methyl sulfonate
because no equivalent point derived from the sulfonic

acid was observed.

CH,
on—
——
H—N
h
y
£03CH3

The resultant polymer had a number average
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molecular. weight M, of 10,000 and a weight average
molecular weight M, of 32,000.

The preparation method was expanded to produce
50 g of the compound. The compound was designated as
Exemplified Compound K-2 and used for toner
preparation and evaluation.

Example L-1

In accordance with JOURNAL OF POLYMER SCIENCE:
Polymer Chemistry Edition, 15, 585-591 (1977), 100 g
of a compound represented by the following formula

(L-0) were synthesized and used for an experiment.

SOzNa (L-0)

The resultant compound was desalted by using an

lon-exchange resin. With reference to SYNTHETIC

COMMUNICATIONS, 15 (12), 21, 1057-1062 (1985), a
compound represented by the following formula (L-1)

was synthesized.
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SO4CH; (L-1)

In a stream of nitrogen, 2.0010 g of the
desalted product of.the compound represented by the
chemical formula (L-0), 20 ml of trimethyl
orthoformate, and p-benzoquinone as a polymerization
inhibitor were placed in a flask, and heated at 70°C
for 5 hours. The reaction mixture was cooled and
concentrated under reduced pressure. The resultant
was Qashed with 3 L of water twice, washed with 3 L

of hexane twice, and dissolved into chloroform again.

‘Thereafter, .the solution was dried with anhydrous

magnesium sulfate to distill the solvent off.

The structure of the resultant compouna was
determined by means of 'H-NMR (FT-NMR: Bruker DPX
400; resonance frequency: 400*Hz; measuréd nuclear
species: 1H;'solvent used: D,0; measurement
temperature: room temperatqre). 'H-NMR confirmed that
the sulfonic acid was transformed‘into methyl
sulfonafe because a peak derived from methyl
sulfonate was observed at 3 to 4 ppm. The resulting

'H-NMR chart is shown in Fig. 8.
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In addition, elemental analysis confirmed that -
the abundance of Na was within a detection limit.
This suggests that methyl esterification has
proceeded.

Acid value titration using an electric
potential titration device AT510 (manufactured by
Kyoto Electronics Manufacturing) revealed that the

sulfonic acid was transformed into methyl sulfonate

because no equivalent point derived from the sulfonic

acid was observed.

The monomer was used for the subsequent
polymerization. |

Example L-2

0.3015 g of the monomer obtained in Example L-1
and 2.7 ml of styrene were placed in a 30-mL test
tube with a ground-glass stopper, and then 20 ml of
DMSO were added to dissolve them. The resultant was
subjected to nitrogen bubbling for 12 hours for
deaeration. '

41.2 mg bf 2,2"-azobis (isobutyronitrile) was
dissolvedAas an initiator in 5.0 ml of DMSO, and was
added to the test tube. Then, the mixture was
stirred under heating at 70°C. 9 hours after, the
resultant polymer was re-precipitated in methanol,
and then, was washed with water to remove an
unreacted monomer and a homopolymer of (L-1), thereby

fecovering 0.9681 g of a polymer.
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'H-NMR confirmed that the resultant polymer was
a copolymer containing 5 mol% of a unit represented

by the following formula (L-2).

—-{CHZ—CH}»
AN

\N @]
SO4CH;
(L-2)
5 In addition, acid value titration revealed that

methyl sulfonate was polymerized without being
deesterified because no equivalent point derived from
the sulfonic acid was observed.
The resultant polymer had a number average
-10 molecular weight M, of 10,000 and a weight average
molecular weight M, of 22,000.
The preparation method was expanded té produce
50 g of the compound. The compound was designated as
Exemplified Compound L-2 and used for toner
15 preparation and evaluation.
Example M-0
With reference to JOURNAL OF POLYMER SCIENCE:
Polymer Chemistry Edition, 15, 585-591 (1977), a
compound represented by the following formula (M-0)

20 was synthesized.
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(M-0)
2-Aminobenzenesulfonic acid (50.0g) was neutralized
with sodium hydroxide (12.0g) in 12dm1 water and the
solution was heated to.dissolve all the salts. After
sodium bicarbonate (24.5g) and picric acid (1.8qg)
were added, acryloyl chloride (26.1g) was added
dropwise for 2hr at room temperature. The solution
was stirred for 30 minutes and cooled to 0°C, and
the resulting precibitate was recovered by filtration.
The precipitate was washed to produce 8.5g of pure
monomer.

The structure of the resultant compound was
determined by means of *H-NMR (FT-NMR: Bruker DPX
400; resonance frequency: 400 Hz; measured huclear
species: 'H; solvent used: D;0; measurement
temperature: room temperature).

The monhomer obtained here was used for the
subsequent polymerization. |

Example M-1

0.3117 g of the monomer obtained in Example M-0
and 2.7 ml of styrene were placed 'in a 30-mL test

tube with a ground-glass stopper, and then 20 ml of
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DMSO were added to dissolve them. The resultant was
subjected to hitrogen bubbling for 12 hours for
deaeration.
41.2 mg of 2,2'-azobis(isobutyronitrile) was
5 dissolved as an initiator into 5.0 ml of DMSO, and
was added to the test tube. Then, the mixture was
stirred under heating at 70°C. 9 hours after, the
resultant polymer was purified by using a dialysis
membrane, and then, was washed with water and
10 hydrochloric acid to remove an unreacted monomer and
a homopolymer of (M-0), thereby recovering 0.9681 g
of a polymer. .
'H-NMR confirmed that the resultant polymer was
a copolymer containing a unit represented by the
15 foilowing formula (M-1) in a content ;atio (mol%) of
(MM) : (MF) = 95 : 5 because a peak-dgrived from a

phenyl structure of (M-0) shifted.

oH2 CH7\‘> —(CHZ CH%—

f _SOzH

(MM) (MF)
The resultant polymer had a number avefage
20 molecular weight M, of 11,600 and a weight average
molecular weight M, of 23,500.
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The preparation method was expanded to produce
50 g of the compound. The compound was designated as
Exemplified Coﬁpound M-1 and used for toner
preparation and evaluation.

Example M-2

0.2995 g of the polymer obtained in Example M-1
was placed in a 100—ﬁi round-bottomed flask. Then,
21 ml of chloroform and 5.25 ml of methanol were
added to dissolve the polymer, and cooled to 0°C.
0.68'ml of a 2-mol/L trimethylsilyldiazomethane-
héXane solution (manufactured by Aldrich) was added
to the solution, and stirred for 4 hours. After
completion of the reaction, the solvent was distilled
away by using an evaporator, and then the pélymer was
recovered. Furthermore, 21 ml of chloroform and 5.25
ml of methanol were added to dissolve the polymer
again. Then, the solvent was distilled away by ﬁsing
an evaﬁorator. This operation was repeated‘3 times.
The recovered polymer was dried under reducéd
pressure to yield 0.2880‘g of a polymer.

"'"H-NMR confirmed that the resultant polymer was
a copolymer Céntaining 5 mol% of a unit represented
by the following formula (M-2) because a peak derived _

from methyl sulfonate was observed at 3 to 4 ppm.
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—(CHZ-CH%
H

\\N O

S05CH;,

(MF) (M-2)

In addition, acid value titration revealed that

1

the sulfonic acid was transformed into methyl
sulfonate because no equivalent point derived from
5 the sulfonic acid was observed.

The resultant bolymer had a number average
molecular weight M, of 11;000 and a weight average
molecular weight M, of 23,000.

The preparation method was expanded to produce

10 50 g of the compound. The compound was designated as
Exemplified Compound M-2 and used for toner
preparation -and evaluation.

Example N-1

With reference to JOURNAL OF POLYMER SCIENCE:

15 Polymer Chemistry Edition, 13, 1879—1837 (1975), a
copolymer containing a unit represented by the
following formula (N-0) in a content ratio (mol%) of
(NM) : (NF) =.94 : 6 was obtained by‘
copolymerizaiton of acrylic acid with styrene and

20 used for the following experiment.
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—éCHZ—CH% —(CHZ—CH}-
HO//1§§O
(NF)
(NM) (N-0)

Under a nitrogen atmosphere, 1.5012 g of the
polymer and 1.2868 g of 2-aminobenzenesulfonic acid
were placed in a 200-ml three-necked flask. 56.5 ml

5 of pyridine was added to the flask, and the mixture
was stirred. Thereafter, 3.89 ml of triphenyl
phosphite was added; and heated at 120°C for 6 hours..
After completion of the reaction, pyridine was
‘distilled away, and the residue was dissolved into

10 150 ml of ethyl acetate. The resultant was
repeatedly subjected to separation washing 3 times
using 2-N hydrochloric acid for purification.
Furthermore, the solvent was distilled away, and the

"polymer was dissolved in 15 ml of THF and wés re-

15 precipitated in 200 ml of 2-propanol. Thereafter,
the precipitate was recovered by filtration and dried
under reduced pressure.

'"H-NMR confirmed that the resultant polymer was
a copolymer containing 6 mol% of a unit represented

20 by the following formula (N-1) because a peak derived
from a phenyl group of 2-aminobenzenesulfonic acid

shifted.
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—_<CH2—CH%'
NP
\\N ]

SO5H

(N-1)

The resultant polymer had a number average
molecular weight M, of 23,000 and a weight average
molecular weight M, of 54,000.

The preparation method was expanded to produce
50 g of the compound. The compound was designated as

Exemplified Compound N-1 and used for toner

preparation and evaluation.

Example N-2

0.9980 g of the polymer obtaiﬁed in Example N-1
was placed in a 300-ml round-bottomed flask. Then,
70 ml1 of chloroform and 17.5 ml of methanol were
added to dissolve the polymer, and cooled to 0°C.
4.95 ml of a 2-mol/L trimethylsilyldiazomethane-
hexane solution (manufactured by Aldrich) was added
to the solution, and stirred for 4 hours. After |
completion of the reaction, the solvent was distilled
away by using an evaporator, and then the polymer was
recovered. Furthermore, 70 ml of chlorofo:m and 17.5
ml of methanol was added to diséolve the polymer

again. Then, the solvent was distilled away by using
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an evaporator. This operation was repeated 3 times.

The recovered polymer was dried under reduced

pressure to yield 0.9898 g of a polymer. H-NMR

confirmed that the resultant polymer was a copolymer
containing 6 mol% of a unit represented by the
following formula (N-2) because a peak derived from
methyl sulfonate was observed at 3 to 4 ppm. The

resulting 'H-NMR chart is shown in Fig. 9.

—<CH2—CH9—
A

H
\\N O

SO4CHs

(N-2)

In addition, acid value titration revealed that
the sulfonic acid was transformed into methyl
sulfonate because no equivalent point derived from
the sulfonic acid was observed.

The resultant polymer had a number average
molecular weight M, of 22,000 and a weight. average
mblecular weight M, of 54,000.

-.The preparation method was expanded to'produée
50 g of the compound. The compouhd was designated as
Exemplified Compound N-2 and used for toner
preparation ‘and evaluation.

Example P-1
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The same raw material polymer as in Example N-1
was used. Under a nitrogen atmosphere, 1.4998 g of
the polymer and'1.5099 g of 4-methoxyaniline-2-
sulfonic acid were placed in a 200-ml three-necked
flask. 56.5 ml of pyridine was added to the flask,
and stirred. Thereafter, 3.89 ml of triphenyl
phosphite was added, and heated at 120°C for 6 hours.
After completion of the reaction, pyridine was:
distilled away, and the residue was dissolved into
150 ml of ethyl acetate. The resultant was

repeatedly subjected to separatory washing 3 times

- using 2-N hydrochlotic acid for purification.

Furthermore, the solvent was distilled away, and the
polymer was dissolved into 15 ml of THF and was re-
precipitated in 200 ml of 2-propanol. After that,
the precipitate was recovered by filtration and dried
under reduced pressure.

'H-NMR confirmed that éhe resultant polymer was
a copolymer containing 6 mol% of a unit repiesented
by the following fd:mula (P-1) because a peak derived
from a phenyl group of 4-methoxyaniline-2-sulfonic

acid shifted.
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——<CH2—CH}» |
AN

\\N 0]

SO5H

OCHj (P-1)

The resultant polymer had a number average
molecular weight M, of.23,000 and a weight average
molecular weight M, of 54,000.

The pieparation method was expanded to produce
50 g of the compound. The compound was designated as
Exemplified Compound P-1 and used for toner
preparation énd evaluation.

| - Example P-2

1.0045 g of the polymer obtained in Example P-1

- was added to a 300-ml round-bottomed flask. Then, 70

ml of chloroform and 17.5 ml of methanol were added
to dissolve the polymer, and cooled to 0°C. 4.95 ml
of a 2-mol/L trimethylsilyldiazomethane-hexane
solution (manufactured by Aldrich) was added to the
solution, and stirred for 4 hours. After completion
of the reaction, the solvent was distilled away by
using an evaporator, and then the.polymer was
recovered. Furthermore, 70 ml of chloroform and 17.5
ml of methanol were added to dissolve the polymer

again. Then, the solvent was distilled away by using
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an evaporator. This operation was repeated 3 times.
The recovered polymer was dried under reduced
pressure po yield 0.9898 g of a polymer.

'H-NMR confirmed that the resultant polymer was
a copolymer containing 6 mol% of a unit represented
by the following formula (P-2) because a peak derived
from methyl sulfonate was observed at 3 to 4 ppm.
——CH,-CH—

H
SN 0

SO5CH;

OCHs
In addition, acid .value titration revealed that

the sulfonic acid was transformed into methyl

sulfonate because no .equivalent point derived from

. the sulfonic acid was observed.

Thé resultant polymer' had a number avérage
ﬁolecular weight M, of 22,000 and a weight average
molecular weight M, of 54,000.

| The preparation method was expanded to produce
50 g of the compound. The comﬁound was designated as
Exemplified Compound P-2 and used for toner
preparation and evaluation.

Example Q-1

The same raw material polymer as in Example N-1
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was used. Under a nitrogen atmosphere, 1.4998 g of
the polymer and 1.6588 g of 2-amino-1-
naphthalenesulfonic acid were placed in a 200-ml
three-necked flask. 56.5 ml of pyridine was added to
the flask, and stirred. Thereafter, 3.89 ml of
triphenyl phosphite were added, and heated at 120°C
for 6 hours. After completion of the reaction,
pyridine was distilled away, and the residue was
dissolved in 150 ml of ethyl acetate. The resultant
was repeatedly subjected to separatory washing 3
times using 2-N hydrochloric acid for purification.
Furthermore, the solvent was distilled away, and the
polymer was dissolved in 15 ml of THF and was re-
precipitated in 200 ml of 2-propanol. Thereafter,
the precipitate was recovered by filtration and dried
under reduced pressure.

'H-NMR confirmed that the resultant polymer was
a copolymer dontaining 2 mol% of a unit represented
by the following formula (Q-1) because a peék derived
from a naphthalene group of 2-amino-1-

naphﬁhalenesulfonic acid shifted.
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_<CH2-CH9-
A

N 0

SO,H

(Q-1)

The resultant polymer had a number average
molecular weight M; of 23,000 and a weight aVérage
molecular weight M, of 54,000.

The preparatioh method was expanded to produce
50 g of the compound. The compound was designated as
Exemplified Compound Q-1 and used for toner
preparation and evaluation.

Example Q-2

1.0054 g of the polymer obtained in Example Q-1

‘was placed in a 300-ml round-bottomed flask. Then,

70 ml of chloroform aﬂd 17.5 ml of methanol.were
added to dissolve the polymer, and cooled to 0°C.
4.95 ml of a 2-mol/L trimethylsilyldiazomethane—-

hexane solution (manufactured by Aldrich) was added

.to the solution, and stirred for 4 hours. After

completion of the reaction, the solvent was distilled

away by using an evaporator, and then the polymer was
recovered. Furthermore, 70 m; of chloroform and 17.5

ml of methanol were added to dissolve the polymer
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again. Then, the solvent was distilled away by using
an evaporator. This operation was repeated 3 times.
The recovered polymer was dried under reduced
pressure to yileld 0.9898 g of a polymer.

'H-NMR confirmed that the resultant polymer was
a copolymer containiﬁg 2 mol% of a unit represented
by the following formula (Q-2) because a peak derived

from methyl sulfonate was observed at 3 to 4 ppm.

——{Ck&—CH94
H //L§§
SN 0

S05CHj

(Q-2)

In addition, acid value titration revealed that
the 'sulfonic acid was transformed into méthyl
sulfonate because -no equivalent point derived from
the sulfonic acid was observed.

" The resultant polymer had a number average
molecular weight M, of 22,000 and a weight average
molecular weight M, of 54,000.

The preparation method was éxpanded to produce
50 g of the compound. The compound was designated as
Exemplified Compound Q-2 and used for toner

preparation and evaluation.
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Example R-1

The same raw material polymer as in Example N-1

was used. Under a nitrogen atmosphere, 1.4998 g of

the polymer and 1.1383 g of 2-amino-2-
methylpropanesulfonic acid were placed in a 200-ml
three-necked flask. 56.5 ml of pyridine was added to
the flask, and stirred. Thereafter, 3.89 ml of.
triphenyl phosphite was addéd, and heated at 120°C
for 6 hours. After completion of the reaction, |
pyridine was distilled away, and the residue was
dissolved in 150 ml of ethyl acetate. The resultant
was repeatedly subjécted to separatory washing 3
times using 2-N hydrochloric acid for purification.
Furthermore, the solvent was distilled away, and the
polymer was dissolved into 15 ml of THF and was re-
precipitated in 200 ml of 2-propanol. After that,
the precipitate was recovered by filtration and dried
under reduced pressure.

'H-NMR confirmed that the resultant poiymer was
a copolymer containing 3 mol% of a unit represented
by tlie following formula (R-1) because a peak derived
from a methyl group of 2-amino-2-

methylpropanesulfonic acid shifted.
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—écH2 CHA}

\\N @]
H3C%\ SO3H
H
HaC CH; (R1)

The resultant polymer had a number average
molecular weight M, of 23,000 and a weight average
molecular weight M, of 54,000.

Example R-2

0.9985 g of the polymer obtained in Example R-1
was placed in a 300-ml round-bottomed flask. Then,
70 ml of chloroform and 17.5 ml of methanol were
added to dissolve the polymer, and cooled to 0°C.
4.95 ml of a 2-mol/L trimethylsilyldiazomethane-
hexane solution (manufactured by Aldrich) was added
to the solution, and stirred for 4 hours. After
completion of the reaction, the solvent was distilled
away by using an evaporator, and then the polymer was
recovered. Furthermore, 70'ml of chloroform and 17.5
ml of methénol were added to diésolve the polymer
again. Then, the solvent was distilled away by using
an evaporator. This operation was repeated 3 times.
The recovered polymer was dried under reduced
pressure to yield 0.9898 g of a polymer.

'H-NMR confirmed that the resultant polymer was
a copolymer containing 2 mol% of a unit represented

by the following formula (R-2) because a peak derived
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from methyl sulfonate was observed at 3 to 4 ppm.

’GCHfCH%
SN

N O

H
H,;C _-S03CH3
HsC e (R-2)
In addition, acid value titration»revealed that
the sulfonic acid was transformed into methyl
5 sulfonate because no equivalent point derived from
the sulfonic acid was observed.
| The resultant polymer had a number average
molecular weight M, of 22,000 and a weight average
molecular weight M, of 54,000.

10 The‘preparation method was expanded to produce
50 g of the compound. The compound was designated as
Exemplified Compound R-2 and used for toner
preparation and evaluation.

Next, various toners were produced by using a

15 Charge control agent produced by a method selected
from the methods of the present invention, and were
evaluated . (Examples 1 to 40).

Example 1
First, an aqueous solution of Na;PO; was added

20 to a 2-1, four-necked flask equipped with a high-speed
stirring device TK Homomixer. The number of
revolutions was adjusted to 10,000 rpm, and the

"solution was heated to 60°C. An aqueous solution of
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CaCl; was gradually added to the solution to prepare -
an aqueous dispersion medium containing a minute and
hardly water-soluble dispersant Casz(PO4),. Meanwhile,
the following compositions were dispersed for 3 hours
by using a ball mill. Then, 10 parts by weight of a
releasing agent (ester wax) and 10 parts by weight of
2,2"'-azobis(2,4-dimethylvaleronitrile) as a
polymerization'initiatér were added to prepare a

polymerizable monomer composition.

Styrene monomer: 82 parts by weight
Ethylhexyl acrylate: 18 parts by weight
Divinylbenzene monomer: 0.1 part by weight

Cyan colorant (C.I. Pigment Blue 15):
6 parts by weight
Polyethylene oxide resin (having a molecular
weight of 3,200 and an acid value of 8) :
5 parts by weight
Exemplified Compound H-2: 2 parts by weight
Next, the polymerizable monomer composition
thus obtained was charged into the aqueous dispersion
medium prepared in advance, and granulated while the
number of revolutions was kept at 10,000 rpm.
Thereafter; the resultant was allowed to react at

65°C for 3 hours while being stirred with a paddle

'stirring blade, and then, was polymerized at 80°C for

6 hours to complete the polymerization reaction.

After completion of the reaction, the resulting



WO 2005/108441 PCT/JP2005/009015
218

suspension‘was cooled, to which an acid was added to
diésoive the hardly water-soluble dispersant Cas;(PO4),.
Then, the resultant was filtered, washed with water,
and dried to yield blue polymerized particles (1).

5 The grain size of the resultant blue polymerized
particles (1) was measured by means of a Coulter
Counter Multisizer (manufactured by Coulter). The

particles had a weight average particle size of 7.5
pm and a fine powder amount (an abundance ratio of

10 particles each having a particle size of 3.17 pm or
less in number distribution) of 5.1 number%.

1.3 parts by weight of hydrophobic silica fine
powder treated wifh hexamethyldisilazane (BET: 270
m’/g) as a fluidity improver were dry-mixed with and

15 externally added to 100 parts by weight of the blue
polymerized particles (1) thus prepared by using a
Henschel mixer, thereby producing a blue‘toner (1) of
this example. Furthermore, 7 parts by weight of the
blue toner (1) and 93 parts’ by weight of a resin-

20 coated magnetic ferrite carrier (average particle
sizer 45 pm) were mixed to prepare a two-component
blue developer (1) for magnetic brush development.

Examples 2 to 5
Each of blue toners (2) to (5) of Examples 2 to

25 b was produéed in the same manner as in.Example 1

except that Exemplified Compound H-2 was changed to

any one of Exemplified Compounds B-1, F-1, H-1, and
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P-1. The properties of the toners were measured in
the same manner as in Example 1. Table 1 shows the
results. In addition, the toners wefe used to
prepare two-component blue developers (2) to (5) of
Examples 2 to 4 in the same manner as in Example 1.

Comparative Example 1

Axblue toner (6) of Comparative Example 1 was
produced in the same manner as in Example 1 except
that no exemplified compound was used. The
properties of the toner were measured in the same
manner as in Example 1. Table 1 shows the results.
In addition, the toner was used to prepare a two-
component blue developer (6) of Comparative Example 1
in the same manner as in Example 1.

(Evaluation)

Toner charge amounts of the two-component blue
developers (1) to (5) prepared in Example 1 and the
two-component blue developer (6) prepared in
Comparative Example 1 10 sec and 300 sec after
stirring in a normal-temperature-and-normal-humidity
(25°C, 60%RH) environment and a high-temperature-and-
high-humidity (30°C, 80%RH) environment were measured
by means of the method of measuring a charge amount
as described above. Then, the measured value of a
two-component blow-off charge amount was rounded to
the first decimal place, and the resultant value was

evaluated according to the following criteria. Table
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1 summarizes the results.
(Chargeability)

©: Very good (- 20 pcC/g or less)

O: Good (~ 19.9 to - 10.0 nC/qg)
A: Practicable (- 9.9 to - 5.0 uC/g)
X : Not practicable (- 4.9 uC/g or more)

Examples 6 to 10

Bach of yellow toners (1) to (5) of Examples' 6
to 10 was produced in the same manner as in Example 1
except that: 2.0 parts by weight of each of
Exemplified Compounds B-2, L-1, M~1l, J-2, and Q-1
were used; and a yellow colorant (Hansa yellow G) was
used instead of the cyan colorant. The properties of
the toners were measured in the same manner as in
Example 1. Table 1 shows the results. In addition,
the toners were used to prebare two~component yellow
developers (1) to (5) in the same manner as in.
Example 1.

Comparative Example 2°

A yellow toner (6) of Comparative Example 2 was
produced in the same manner as in Example 1 except
that: no exemplified compound was used; and a yellow
colorant (Hansa'yellow G) was used instead of the
cyan colorant. The properties of the toner were
measured in the séme manner as in Example 1. Table 1
shows the results. In addition, the toner was used

to prepare a two-component yellow developer (6) of
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Comparative Example 2 in the same manner as in
Eiample 1.
(Evaluation) .

Toner charge amounts of the two-component
yellow developers (1) to (5) prepared in Examples 6
to 10 and the two-component yellow developer (6)
prepared in Comparative Example 2 10 sec and 300 sec
after stirring in a normal-temperature-and-normal-
humidity (25°C, 60%RH)'environment and a high-
temperature-and-high-humidity (30°C, 80%RH)
environment were measured by means of the method of
measuring a charge amount as desc;ibed above. Then,
the measured value of a two-component blow-off chargel
amount was rounded to the first decimal place, and
the resultant value was evaluated according to the
following criteria. Table 1 summarizes the results.
(Chargeability)

©®: Very good (- 20 pC/g or less)

O: Good (- 19.9 to - 10.0 pnc/g)
A: Practicable (- 9.9 to - 5.0 ucC/qg)
X : Not practicable (- 4.9 pC/g or more)

Examples 11 to 15

Each of black toners (1) to (5) of Examples 11
to 15 was produced in the same manner as in Example 1
except that: 2.0 parts by weight of each of
Exemplified Compounds K-2, C-1, G-1, I-2, and N-1

were used; and carbon black (DBP oil absorption 110
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mL/100 g) was used instead of the cyan colorant. The
properties of the téners were measured in the same
manner as in Example 1. Table 1 shows the results.
In addition, the toners were used to prepare two-
component black developers (1) to (5) in the same
manner as in Example 1.

Comparative Example 3

A black toner (6) of Comparétive Example 3 was
produced in the same manner as in Example 1 except
that: no exemplified compound was used; and carbon
black (DBP oil absorption 110 mL/100 g) was used
instead of the cyan éolorant. The properties of the
toner were measured in the same manner as in Example
1. Table 1 shows the results. 1In addition, the toner
was used to prepare a two-component black developer
(6) of Comparative Example 3 in the same manner as in
Example 1.

(Evaluation)

Toner charge amounts of the two-component black
developers (1) to (5) prepared in Examples 11 to 15
and the two-component black developer (6) prepared in
Comparative Example 3 10 sec and 300 sec after
stirring in a normal-temperature-and-normal-humidity
(25°C, 60%RH) environment and a high-temperature-and-
high-humidity (30°C, 80%RH) environﬁent were measured
by means of the method of measuring a charge amount

as described above. Then, the measured value of a
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two-component blow-off charge amount was rounded to
the first decimal place, and the resultant value was
evaluated according to the following criteria. Table
1 summarizes the results.
(Chargeability)
©: Very good (- 20 pC/g or less)
O: Good (- 19.9 to - 10.0 ncC/g)
A: Practicable (- 9.9 té - 5.0 uC/qg)
X : Not practicable (- 4.9 uC/g or more)
Example 16
Styrene-butyl acrylate copolymer resin (having
a glass transition témperature of 70°C):
100 parts by weight
Magenta pigment (C.I. Pigment Red 114):
A 5 parts by weight.
Exemplified Compound N-2: 2 parts by weight
The above compositions were mixed, and the
mixture was melted and kneaded by means of a'biaxial
extruder (L/D = 30). The kneaded product was cooled,
roughly pulverized by means of a hammer mill, and
finely pulverized by means of a jet mill. Thereafter,
the finely pulverized product was classified to yield
magenta colored particles (1). The grain size of the
magenta colored particles (1) was measured; The
particles haa a weight average particle size of 7.2
pym and a fine powder amount of 5.7 numbers.

1.5 parts by weight of hydrophobic silica fine
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powder treated with hexamethyldisilazane (BET: 250
Hﬁ/g) as a fluidity improver were dry-mixed with 100
parts by weight of the magenta colored particles (1)
by using a Henschel mixer, thereby producing a

magenta toner (1) of this example. Furthermore, 7

‘parts by weight of the resultant magenta toner (1)

and 93 parts by weight of a resin-coated magnetic
ferrite carrier (average particle size: 45 um) were
mixed to prepare a two-component magenta developer
(1) for magnetic brush development.

Examples 17 to 20

Each of magenta toners (2) to (5) of Examples

17 to 20 was produced in the same manner as in

'Example 16 except that Exemplified Compound N-2 was

changed to any one of Exemplified Compounds C-2, I-1,
R-2, and M-2. The properties of the toners were
measured in the same manner as in Example 1. Table 1
shows the results. 1In addition,'the toners were used
to prepare two-component maéenta developers (2) to
(5) of Examples 17 to 20 in the same manner as in
Example le.

Comparafive Example 4

A magenta toner (6) of Comparative Example 4
was produced in the same manner as in Example 16
except that no exemplified compound was used. The
pfoperties of the toner were measured in £he same

manner as in Example 1. Table 1 shows the results.
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In‘addition, the toner was used to prepare a two-
component magenta aeveloper (6) of Comparative
Example 4 in the same manner as in Example 16.
(Evaluation)

Toner charge amounts of the two-component
magenta developers (1) to (5) prepared in Examples 17
to 20 and the two-component magenta developer (6)
preparéd in Comparative Example 4 10 sec and 300 sec
after'sﬁ;rring in a normal-temperature-and-normal-
humidity (25°C, 60%RH) environment and a high-
temperature-and-high-humidity (30°C, 80%RH)
environment were meaéured by means of the‘method of
measuring a charge amount as described above. Then,
the measured value of a two-component blow-off charge
amount was rounded to the first decimal place, and

the resultant value was evaluated according to the

" following criteria. Table 1 summarizes the results.

(Chargeability)

©: Very good (- 20 uC/g or less)
Good (- 19.9 to - 10.0 nC/qg)
Practicable (- 9.9 to - 5.0 pC/qg)

B O

Nof practicable (- 4.9 nC/g or more)

Examples 21 to 25

Each of black toners (7) to (11) of Examples 21
to 25 was proauced in the same manner as in. Example
16 except that: 2.0 parts by weight of each of

Exemplified Compounds A—Z, D-1, E-2, P-2, and M-2
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were used; and carbon black (DBP oil absorption 110
mL/100 g) was used instead of the magenta pigment.
The properties of the toners were measured in the
same manner as in Example 1. Table 1 shows the
results. In addition, the toners were used to
prepare two-compoﬁent black developers (7) to (11) in
the same manner as in Example 16.

Comparative Example 5

A black toner (12) of Comparative Example 5 was
produced in the same manner as in Example 16 except
that: no exemplified compound was used; and carbon
black (DBP oil absorﬁtion 110 mL/100 g) was used
instead of the magenta pigment. The properties of
the toner were measured in the same manner as in
Example 1. Table 1 shows the results. In addition,
the toner was used to prepare a two-component black
developer (12) of Comparative Example 5. in the same
manner as in Example 16.

(Evaluation)

Toner charge amounts of the two-component black
developers (7) to (11) prepared in Examples 21 to 25
and the two—cbmponent black developer (12) prepared:
in Comparative Example 5 10 sec and 300 sec after
stirring in a normal—temperature—and—normal—humidity.

(25°C, 60%RH) environment and a high-temperature-and-

‘high-humidity (30°C, 80%RH) environment were measured

by means of the method of measuring a charge amount
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as described above. Then, the measured value of a
two-component blow-off charge amount was rounded to
the first decimal place, and the resultant value was
evaluated according to the following criteria. Table
1 summarizes the results.

(Chargeability)

©: Very good (- 20 uC/g or less)

O: Good (- 19.9 to - 10.0 pC/qg)
A: Practicable (- 9.9 to - 5.0 uC/q)
X : Not practicable (- 4.9 nC/g or more)
Example 26
Polyesfer resin: 100 parts by weight

Carbon black (DBP oil absorption 110 mL/100 g):
5 parts by weight

Exemplified Compound E-~1: 2 parts by weight

The polyester resin was synthesizéd as follows.
751 parts of an adduct of bisphenol A with 2 moles of
propylene oxide, 104 parts of terephthalic agid, and
167 parts of trimellitic anﬁydride were subjected to
polycondeﬁsation by using 2 parts of dibutyltin oxide
as a éatalyst to produce the polyester resin having a
softening point of 125°C.

The above compositions were mixed, and the
mixture was melted and kneaded by means of a biaxial
extruder (L/D = 30). The kneaded product was cooled,
roughly crushed by means of a hammer mill, and finely

pulverized by means of a jet mill. Thereafter, the
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finely pulverized product was classified to yield
black colored particles (13). The grain size of the

black colored particles (13) was measured. The

" particles had a weight average particle size of 7.6

um and a fine powder amount of 4.9 number%.

1.5 parts by weight of hydrophobic silica fine
powder treated with hexamethyldisilazane (BET: 250
m?’/g) as a fluidity improver were dry-mixed with 100
parts by weight of the black colored particles (13)
by using a Henschel mixer, thereby producing a black
toner (13) of this example. Furthermore, 7 parts by
weight of the resultant black toner (13) and 93 parts
by weight of a resin-coated magnetic ferrite carrier
(average particle size: 45 um) were mixed to prepare
a two-component black developer (13) for magnetic
brush development.

Examplés 27 to 30

Each of black toners (14) to (17) of Egamples
27 to 30 was produced in the same manner as in
Example 26 except that Exemplified Compound E-1 was
changed to any one of Exemplified Compounds A-1, D-2,
Q-2, and N-2. The properties of the toners were
measured in the same manner as in Example 1. Table 1
shows the results. In addition, the toners were used
to prepare two-component black developers (14) to
(17) of Examples 27 to 30 in the same manner as in

Example 26.
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Comparative Example 6

A black toner (18) of Comparative Example 6 was
produced in the same manner as in Example 26 except
that no exemplified compound was used. The
properties of the toner were measured in the same
manner as in Example 1. Table 1 shows the results.
In addition, the toner was used to prepare a two-
component black developer (18) of Comparative Example
6 in the same manner as in Example 26.

(BEvaluation)

Toner charge amounts of the two-component black
developers (13) to (17) prepared in Examples 26 to 30
and the two-component black developer (18) prepared
in Comparative Example 6 10 sec and 300 sec after
sﬁirring in a normal-temperature-and-normal-humidity
(25°C, 60%RH) environment and a high-temperature-and-
high-humidity (30°C, 80%RH) environment were measured
by means of the method of measuring a charge amount
as described above. Then, the measured value of a
two—-component blow-off charde amount was rounded to
the first decimal place, and the resultant value was
evaluated according to the following criteria. Table
1 summarizes the results.

(Chargeability)

©: Very good (- 20 pC/g or less)

O: Good (- 19.9 to - 10.0 uC/q)
A: Practicable (- 9.9 to - 5.0 uC/g)
X : Not practicable (- 4.9 uC/g or more)
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Examples 31 to 36 and Comparative Examples 7 to
12

First, an example of an image forming apparatus
used for an image forming method of each of Examples
31 to 36 and Comparative Examples 7 to 12 will be
described.

Fig. 1 is a schematic sectional view for
explaining an image forming apparatus for performing
an image forming method of each of examples and
comparative examples of the present invention. A
photosensitive drum 1 shown in Fig. 1 has a
photosensitive layerila having an organic
photoconductor on a substrate 1lb, and is structured
to rotate in a direction indicated by an arrow. The
surface of the photosensitive drum 1 is charged to a
surface potential of about -600 V by a charging
roller 2 serving as a charging member which is
opposite to the photosensitive drum 1 and rotates
while being in contact with the drum. As shown in
Fig.1, the‘charging roller 2 is structured by coating
a core bar 2b with a condﬁctive elastic layer 2a. .

Next, the photosensitive drum 1 whose surface
is charged is exposed to light 3, where an
electrostatic charge image having an exposed-area
potential of - 100 V and a dark-area potential of
-600 V is formed on the photosensitive member by

turning'on/off the light in accordance with digital
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image information using a polyéon mirror.
Subsequently, the electrostatic charge image on the
photosensitive drum 1 is subjected to reversal
development by using multiple developing devices 4-1,
5 4-2, 4-3, and 4-4, and visualized. As a result, a
toner image is formed on the photosensitive drum 1,
where each of the two-component developers prepared
.in Examples 1, 6, 11, 16, 21, and 26 ahd‘Comparative
Examplés 1 to 6 is used as a developer. Thus, a

10 toner image is formed by means of a yellow toner, a
magenta toner, a cyan toner, or a black toner.. Fig.
2 is an enlarged secﬁional view of each developing
device 4 for a two-component developer used at that
time.

15 In Fig. 2, reference ﬁameral 11 denotes a
4developer carrier; 13, a photosensitive drum; 15, a
conveyance screw; 16, a stirring screw; 17, a
developer container; and 18, a developer regulating
member. ‘

20 Next, the toner image on the photosensitive
drum 1 is transferred onto an intermediate transfer
member 5 rotating while being in contact with the
photosensitive drum 1. As a result, a visualized
image having 4 colors overlapping éne another is

25 formed on the intermediate transfer member 5. The
transfer residual toner that remains on the

photosensitive drum 1 without being transferred is
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recovered in a residual toner container 9 by a
cleaner member 8.

As shown in Fig. 1, the intermediate transfer
member 5 is composed of a core bar.Sb as a support
and an elastic layer 5a applied on the core bar 5b.
In this example, the intermediate transfer member 5
was used which was obtained by coating the pipe-
shaped core bar 5b with the elastic layer 5b obtained
by sufficiently dispersing carbon black as a
conductivity imparting material into nitrile-
butadigne rubber (NBR). The hardness of the elastic
layer 5b measured in.accordance with "JIS K-6301" was
3OYdegrees, and the elastic layer had a volume
resistivity of 10° Q-cm. A transfer current necessary
for transfer from the photosensitive drum 1 onto the
infermediate transfér member 5 was aboﬁt 5 pA, which
was obtained by applying +500 V from a power source
to the core bar bb. |

The visualized image héving 4 toner colors
éverlapping one another formed on the intermediate
transfer member 5 is transferred onto an image-
receiving material such as paper by a transfer roller
7, and then, is fixed by a heat-fixing device H. The
transfer roller 7 has a core bar 7b having an outer
diameter of 10 mm coated with an elastic layer 7a
obtained by sufficiently dispersing carbon as a

conductivity imparting material into a foam of an
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ethylene-propylene-diene-based tertiary copolymer

(EPDM) . The elastic layer had a volume specific

: resistivity of 10%° Q-cm and a hardness of 35 degrees

measured in accordance with "JIS K-6301". A transfer
current of 15 pA was allowed to flow by applying a
voltage to the transfer roller 7.

In the apparatus shown in Fig. 1, a heat-roll
fixing device having no oil application mechanism
shown in each of Fig. 5 and Fig, 6 was used as the
heat-fixing device H. At this time, a roller having
a surface layer made of a fluorine-based resin wés
used for each of an ﬁpper roller and a lower roller.
In addition, each roller had a diameter of 60 mm. A
fixing temperature at the time of fixing was set at
160°C, while a nip width was set to be 7 mm. The
transfer residual toner on the photosensitive drum 1
recovered by cleaning was conveyed to a developing
unit by a reuse mechanism for reéyple.

In Fig. 1, reference numeral 6 denotes‘an
image~receiving material, reference numeral 10
denotes a cleaning portion, and reference symbol H
denotes a heat-fixing device.

(Evaluation)

Under the above conditions, a'print out test
was performed in a monochrome intermittent mode (that
is, a mode in which a developing unit is suspended

for 10 sec every time one sheet is printed out, and
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deterioration in toner is accelerated by a
preliminary operation at the time of restart) in a
normal-temperature-and-normal-humidity (25°C, 60%RH)
environment and a high-temperature-and-high-humidity
(30°C, 80%RH) environment at a print out rate of 8
sheets (A4 size)/min using each of the two-component
developers prepared by using the toners of Examples 1,
6, 11, 16, 21, and 26 and the two-component
develdpers prepared by using the toners of
Comparative Examples 1 to 6 while sequentially
supplying the developer. The resultant printed-out
image was evaluated for the following items. Table 2
summarizes the results of the evaluation.
(Printed-out image evaluation)
1. Image density

A predetermined number of sheets of ordinary.
plain paper for a copying machine (75 g/m?) were
printed out. An image density was evaluated
according to the degree to which an image mgintained
its image density at the time of completion of

printing as compared to an initial image. The

.relative density of a white portion having an

original density of 0.00 with respect to a printed-
out image was measured by using a Macbeth reflection
densitometer (manufactured by Macbeth), and was used

for evaluation.

©: Excellent (An image density at the time of
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completion is 1.40 or more.)
O: Good (An image density at the time of completion
is 1.35 or more and less than 1.40.)
A: Acceptable (An image density at the time of
completion is 1.00 or more and less than 1.35.)
X : Unacceptable (An image density at the time of
completion is less than 1.00.)
2. Image fogging

A predetermined number of sheets of ordinary
plain papér for a copying machine (75 g/m?) were
printed out. A solid white image at the time of
completion of printihg was evaluated for image
fogging. To be specific, the image was evaluated for
image fogging by means of the following method. The
worst value of a white portion reflection density
after printing and an average reflection density of
paper before printing measured by using a reflection
densitometer (manufactured by TOKYO DENSHOKU CO., LTD,
REFLECTOMETER ODEL TC-6DS) were represented by Ds and
Dr, respectively, and (Ds - Dr) was determined from
these ‘'values. The resultant value was defined as a
fogging amount (level), and was evaluated according
to the following criteria.
©: Very good (A fogging amount is‘O% or more and
less than 1.5%.)
O: Good (A fogging amount is 1.5% or more and less

than 3.0%.)
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A: Practicable (A fogging amount is 3.0% or more and
less than 5.0%.)
X : Not practicable (A fogging amount is 5.0% or
more.)
3. Transferability

Solid black images were printed out on a
predetermined number of sheets of ordinary plain
paper for a copying machine (75 g/m?). The image
omission amount of an image at the time of completion
of printing was visually inspected, and was evaluated
according to the following criteria.

©@: Very good (Nearly no omission occurs)

‘Q: Good (Omission slightly occurs)

A: Practicable
X : Not practicable

In addition, in each of Examples 31 to 36 and
Comparative Examples 7 to 12, the occurrence sates
of: flaws on the surfaces of the photosensitive drum
and the intermediate transfer member; and figing of
residual toner to the surfaces, and influences of the
flaws and the residual toner on a printed-out image
(métching with an image forming apparatus) when 5,000
images were output were visually evaluated. 1In a
system using each of the two—compoﬁent developers of
Examples 31 to 36, neither flaws on the surfaces of
the photosensitive drum and the intermediate transfer

member nor fixing of the toner to the surfaces was
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inspected, so matching with the image forming
apparatus was very good. On the other hand, in a
system using each of the two-component developers of
Comparative Examples 7 to 12, fixing of thé toner to

5 the surface of the photosensitive drum was inspected.
Furthermore, in the system using each of the two-
component developers of Comparative Examples 7 to 12,
fixing of the toner to the surface of the
intermediate transfer member and a flaw on the

10  surface were inspected. A problem in matching with
the image forming apparatus such as the occurrence of
a vertical stripe—like image defect on an image was

raised.
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Examples 37 to 39 and Comparative Examples 13
to 15 |

In,performing'an image forming method of each
of Examples 37 to 39 and Comparative Examples 13 to
15, each of the toners produced in Examples 1, 6, and
11 and Comparative Examples 1 to 3 was used as a
developer. As means for forming an image,‘an image
forming apparatus modified by providing a reuse
mechanism for a commercially available laser beam
printer LBP-EX (manufactured by Canon Inc.) as shown
in Fig. 3, was used; That is, the image forming

apparatus shown in Fig. 3 is provided with a system

“which performs: scraping not transferred toner

remaining on a photosensitive drum 20 after transfer
by using an elastic blade 22 of a cleaner 21 brought
into abutment with the photosensitive drum 20;

sending the scraped toner to the inside of the

‘cleaner 21 by using a cleaner roller; returning the

toner to a developing unit 26 by using a supply pipe
24 provided with a conveyance screw through a cleaner
reuse 23 and a hopper 25; and recycling the recovered
toner.

In the image forming apparatus shown in Fig. 3,
the surface of the photosensitive arum 20 is charged
by a primary charging roller 27. A rubber roller
with conductive carbon dispersed therein, coated with

a nylon resin (having a diameter of 12 mm and an
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abutment pressure of 50 gf/cm) was used as the
primary charging roller 27. An electrostatic latent
image having a dark-area potential VD of - 700 V and
a light-area potential VL of - 200 V was formed on
the electrostatic latent image-bearing member (the
photosensitive member 20) through laser exposure (600
dpi, not shown). As a toner-carrying member, a
developing sleeve 28 having a surface roughness éa of
1.1 whose surface was coated with a resin with carbon
black dispersed therein was used. In Fig. 3,
reference numeral 29 denotes a blade.

Fig. 4 shows aﬁ enlarged sectional view of the
main part of a developing device for a one-component
developer used in each of Examples 37 to 39 and
Comparative Examples 13 to 15. As for conditions for
developing an electrostatic latent image, the speed
of the developing sleeve 28 was set to be 1.1 times
as high as the travelling speed of the surface of the
photosensitive drum 20; and an interval o be£ween the
photosensitive drum 20 and the developing sleeve 28
(betWeen S-D) to be 270 pm. A blade 29 made of
urethane rubber was used as a member for regulating
the thickness of a layer of toner (T) while abutting
against the surface of the photoseﬁsitivs member. |
The temperature of a heat-fixing device for. fixing a

toner image was set to be 160°C. A fixing device

‘'shown in each of Fig. 5 and Fig. 6 was used as the
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fixing device.

In Fig. 5, reference numeral 30 denotes a stay;
33, a heating roller; 34, a coil spring; 35, a film
edge reguléting flange; and 36, a feeder connector.

In Fig. 6, reference numeral 30‘denotes a stay;
31, a heating member; 3la, a heater substrate; 31b, a
heat generator; 3lc, a surface protection layer; 31d,
a thermometer element; 32, a fixation film; 33, a
heating roller; 38, an inlet guide; and 39, an outlet
guide (separation guide). 4

Under the above conditions, up to 30,000 sheets
were printed out in é continuous mode (that is, a
mode in which deterioration in toner is.accelerated
without suspension of a developing unit) in a normal-
temperature-and-normal-humidity (25°C, 60%RH)
environment at a print out rate of 8 sheets (A4
size)/min while toner was sequentially supplied. The
imade density of the resultant printed-out image was
measured, and the image was evaluated for dufability
according to the following criteria. In addition, an
image printed out on the 10,000th sheet was inspected
and evaluated for image fogging according to the
following criteria. At the same time, the state of
each device constituting an image forming apparatus
after the durability'test was inspected to evaluate
matching between each device and each of the above

toners. Table 3 summarizes the evaluation results.
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(Transition of image density in durability test)

A predetermined number of sheets of ordinary
plain paper for a copying machine (75 g/m®) were
printed out. An image density was evaluated
according to the degree to which an image maintained
its image density at the time 5f completion of
printing as compared to an image at the initial stage.
The relative density of a white portion having an
original density of 0.00 with respect to a printed-
out image was measured by using a Macbeth reflection
densitometer (manufactured by Macbeth), and was used
for evaluation. |
©: Excellent (An image density at the time of
completion is 1.40 or more.)

O: Good (An image density at the time of completion
is 1.35 or more and less than 1.40.)

A: Acceptable (An image density at the time of
completion is 1.00 or more and less than 1.35.)

X : Unacceptable (An image dénsity at the ;ime of
completion is less than 1.00.)

(Image fogging)

A predetermined number of sheets of ordinary
plain paper for a copying machine (75 g/m’) were
printed out. A solid white image ét the time of
completion of printing was evaluated for image
fogging. To be specific, the image was evaluated for

image fogging by means of the following method. The
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wo;st value of a white portion reflection density
after printing and an average reflection density of
paper before printing measured by using a reflection
densitometer (manufactured by TOKYO DENSHOKU CO., LTD,
REFLECTOMETER ODEL TC-6DS) were represented by Ds and
Dr, respectively, and (Ds - Dr) was determined from
these values. The resultant value was defined as a
fogging amount, and was evaluated according to tﬁe

following criteria.

©: Very good (A fogging amount is 0% or more and

‘less than 1.5%.)

O: Good (A fogging amount is 1.5% or more and less

than 3.0%.)

A: Practicable (A fogging amount is 3.0% or more and
less than 5.0%.)

X : Not practicable (A fogging amount is 5.0% or
more.)

(Image forming apparatus ﬁatching evaluation)

1. Matching with developing sleeve '

After the completion of the print out test, the
fixing state of residual toner to the surface of a
developing sleeve and an influence of the residual
toner on a printed-out image were visually evaluated.
©: Very good (No fixing occurs.)

O: Good (Nearly no fixing occurs.)

A: Practicable (Fixing occurs, but affects an image

little.)
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X Not practicable (Fixing is remafkable, and causes -
image unevenness.)
2. Matching with photosénsitive drum
The occurrence states of: flaws on the surface
5 of a photosensitive drum; and fixing of residual
toner to the surface, and influences of the flaws and
the residual toner on a printed-out image were
visually evaluated.
©@: Very good (Neither flaw nor fixing occurs)
10 O: Good (Flaws slightly occur, but does not affect
an image.)
A: Practicable (Fixing and flaws occur, but have not
much influence on an ihage.)
X : Not'practicable (Fixing is remarkable, and causes
15 vertical stripe-like image defects.)
3. Matching with fixing device
The state of the fixation film surface was
observed, and the results of surface properties and
the fixing state of residual toner were genérally
20 averaged to evaluate durability.
(1) Surface properties
The occurrence states of flaws or scratches on
the fixation film surface after thelcompletion of the
print out test were visually inspeéted and evaluated.
25 ©: Very good (No occurrence)
Q: Good (Nearly no occurrence)

A: Practicable
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X : Not practicable
(2) Fixing state of residual toner
The fixing state of residual toner on the
surface of a fixation film after the completion of
5 the print out test was visually inspected and
evaluated.
©: Very good (No occurrence)
Good (Nearly no occurrence)

Practicable

ol

10 Not practicable
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Example 40

A print out test was performed in a continuous
mode (that is; a mode in which consumption of toner
is accelerated without suspension of a developing
unit) while the blue toner (1) of Example 1 was
sequentially supplied in the same manner as in
Example 37 except that: the toner reuse mechanism of
the image forming apparatus shown in Fig. 3 was
removed; and the print out rate was changed to 16
sheets (A4 size)/min. The resultant printed-out
image and matching with an image forming apparatus
were evaluated for tﬁe same items as those of
Examples 37 to 39 aﬁd Comparative Examples 13 to 15.
As a result, good results were obtained for all of

the items.

INDUSTRIAL APPLICABILITY
The polymer according to the present invention
can be applied to, for example, a charge control

agent in toner used for electrophotography.

This application claims priority from Japanese
Patent Application No. 2004-142882 filed on May 12,
2004, which is hereby incorporated by reference

herein.
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CLAIMS

1. A polymer which contains one or more units
each having a structure represented by chemical

5 formula (1):

le Rly
AR
\, /
Ru ——0
H—N
R

<i>
wherein R represents -A;-SO,R;; Riy, Rix, and Riy
are selected from combinations described in the
following items (i) and (ii); for the item (i), A
10 and R; are selected from combinations described in
the following items (i-A) to (i-G); for the item (ii),
A; and R; are selected from combinations described in
the following item (ii-A):
(1) Ry, and Rjx each repfesent a hydrogen atom,
15 and Rwyrepresents a CHs group or a hydrogen atom;
(i-A) A; represents a methyleﬁe group, anv
ethylene group, a linear or branched alkylene group
having 3 carbon atoms, an alkylene group having 4

carbon atoms selected from the chemical formulae
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(101), an alkylene group having 5 carbon atoms
selected from the chemical formulae (402), a linear
or branched alkylene group having 6 to 8 carbon atoms,
an unsubstituted aromatic ring structure represented
by the chemical formula (104a) or (104b), or an
unsubstituted heterocyclic structure; and R;
represents a halogen atom or OR;; where Ri, represents
a substituted or unsubstituted aliphatic hydrocarbon
structure, a substituted or unsubstituted aromatic
ring structure, or a substituted or unsubstituted
heterocyclic structure;

(i-B) A represénts an unsubstituted aromatic
ring structure represented by the chemical formula
(105); and R; represents a halogen atom or OR;, where
Ria represents a methyl group, a linear or branched
alkyl group having 3 to 8 carbon atoms, a substituted
or unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure;

(i-C) A; represents a branched alkylené group
having 4 carbon atoms represented by the chemical
formula (106); and R; represents a halogen atom or
OR;, where Rijs represents a linear or branched alkyl
group having 3 carbon atoms, a branched alkyl group
having 4 carbon atoms, a iinear or.branched alkyl
group having 5 to 8 carbon atoms, a substituted or
unsubstituted aromatic ring structure, or a

substituted or unsubstituted heterocyclic structure;
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(i-D) A, represents a branched alkylene group
having 4 carbon atoms represented by the chemical
formula (107); and R; represents a halogen atom or
OR;y, where Ria represents a linear or branched alkyl
group having 2 to 8 carbon atoms, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure;

(1-E) A; represents a substituted aromatic ring
structure; and R; represents OH, a halogen atom, ONa,
OK, or ORi;; where R;, represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubétituted‘aromatic ring structure,
or a substituted or unsubstituted heteroéyclic
structure; |

| (1-F) A; represents a substituted heterocyclic
structure; and R; represents OH, a halogen atom, ONa,
OK, or ORj;, where Rj, represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring sfructure,
or a substituted or unsubstituted heterocyclic
structure;

(i-G) A; represents an unsubstituted naphthalene
structure; and R; representsxa halogen atom or ORi,
where R;, represents a substituted br unsubstituted
aliphatic hydrocarbon structure, a substituted or
unsubstituted aromatic ring structure, or a

substituted or unsubstituted heterocyclic strﬁcture.
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(ii) Ryy and Rix each independently represent a
halogen atom or a hYdrogen atom; Riy represents a CHj
group, a halogen atom, or a hydrogen atom; at least
one of Riy, Rix, and R;y represents a halogen atom;

(ii~-A) A; represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure; and R; represents OH, a halogen atom, ONa,
OK, or ORj, where Rj, represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubétituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic

structure;
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H CHj Al

et ¢ (107)

2. A polymer according to claim 1, wherein the
structure represented by the chemical formula (1)

corresponds to chemical formula (2):

R2w ,HZy
[ ] \
\ l /
Rox __*_fo
H——N
I
R

(2)

wherein R represents -A;~SO;R;; Ry, and R,y each
represent.a hydrogen atom, and Ryy represents a CHs;
group'or a hydrogen atom; A, represents a methylene
group, an ethylene group, a linear or branched
alkylene group hav1ng 3 carbon atoms, an alkylene
group having 4 carbon atoms represented by one of the
chemical formulae (401), an alkylene group having 5
carbon atoms'represented by one of the chemical
formulae (502), a linear or branched alkylene group
having 6 to 8 carbon atoms, an unsubstituted aromatic
ring structure represented by the chemical formula
(409a) or (409b), or an unsubstituted heterocyclic

structure; R; represents a halogen atom or OR2a. Roa
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represents a linear or branched alkyl group having 1
to 8 carbon atoms, or a substituted or unsubstituted

phenyl group;-

...................

I e e
——N—=CHyCH,CHy CH2-SO?_ ——N-+CH-CHy- CHfso2
R Cry: ™ H cI:Hgi A2
' I 3 P !

—N .CH2 CH,-CH—S0,— —N—CH;, <|3—-‘—802—
H A2 ; CH,3
—-—N—~-~CH2 CH--50,— M. ,
(I;H?_ : ——N—~CH-CH,~S0,
| :
. CH3im E (|3H2 :
4 CH; CHy o
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' HaC CHy!

(401)
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—N—i P A2

R ;

SO2R2 (409a)

(409Db)

5 3. A polymer according to claim 1, wherein the

structure represented by the chemical formula (1)

corresponds to chemical formula (5):

Rsw Ry
( | }
Rsy ——0
H—N
R (5)

wherein R represents -As-SO,Rs; Rs, and Rsx each
10 represent a hydrogen atom, and Rsy represents a CH;
group or a hydrogen atom; As represents an

unsubstituted aromatic ring structure represented by
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the chemical formula (110); Rs represents a halogen
atom or ORsa where Rs, represents a methyl group, a
linear or branched alkyl group having 3 to 8 carbon
atoms, or-a substituted or unsubstituted phenyl

5 group:

_302R5

(110)

4. A polymer according to claim 1, wherein the
structure represented by the chemical formula (1)

corresponds to chemical formula (6):

10
wherein R represents -Ag~SOyRs; Ry and Rgx each
represent a hydrogen atom, and Rey represents a CH;

group or a hydrogen atom; As represents a branched
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alkylene group having 4 carbon atoms represented by
thé chemical formula (406); Re represents a halogen
atom or ORe¢, where Rg, represents a linear or branched
alkyl group having 3 carbon atoms, a branched alkyl

5 group having 4 carbon atoms, a linear or branched
alkyl group having 5 to 8 carbgn atoms, or a

substituted or unsubstituted phenyl group:

(406)

10 5. A polymer according to claim 1, wherein the
structure represented by the chemical formula (1)

corresponds to chemical formula (7):

Rw Ry
[ ‘ \
\ ’ /
Rx ——0
H—N
R

(7)

wherein R represents -A;-SO;R;; R, and Ryx each

15 "represent a hydrogen atom, and R7y represents a CHs
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group or a hydrogen atom; A; represents a branched

alkylene group having 4 carbon atoms represented by

the chemical formula (407); R; represents a halogen

atom or OR;, where Ry, represents a linear or branched
5 alkyl group having 2 to 8 carbon atoms, or a

substituted or unsubstituted phenyl group:

T  CHsy
~——N--CHy-CH-CH,+~S0,—

' A7

(407)

6. A polymer according to claim 1, wherein the
lb structure represented by the chemical formula (1)

corresponds to the chemical formula (8):
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R203w R yggy
R0 ——0
H—N
R203a X R203e
R 2038 = R2034
Reose @®)

wherein Rypsy ‘and Rao3x each represent a hydrogen
atom, and Rao3y represents a CHs group or a hydrogen
atom; at least one of R203ar Ra03p, Ragse, R203a, and Rygse
represents SO;Rzg3¢ (Raoss represents OH, a halogen atom,
ONa, OK, or ORyp3n where Rzo3n represents a linear or
branched alkyl group having 1 {:o 8 carbon atoms, or a
substituted or unsubstituted phenyl group); each of
Ra203as Rzoavr Raoze, Rzosa, and Rpgze is selected from a
hydrogen atom, a halogen atom, an alkyl group having
1 to 20 carbon atoms, an alkoxy group having 1 to 20
carbon atoms, an OH group, an NH; group, an NO, group,
COORz203g (Rz03g represents an H atom, an Na atom, or a K
atom), an acetamide group, an OPh group, an.NHPh
group, a CF3 group, a C,Fs group, and a CsF7 group; up

to three of Raosa; Roosps Raose, Raozq, and R203e can
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represent hydrogen atoms.

7. A pblymer according to claim 1, wherein the
structure represented by the chemical formula (1)
5 correspdnds to the chemical formula (507):

Rsorw  Rsozy

/ \
| /

Rsorx O

H—N
|

R (507)
wherein R représents ~Bs507—S02R5077 Rsg7w and Rsgrx
each represent a hydrogen atom, and Rsp7y represents a
CH; group or a hydrogen atom; Asyg; represents a
10 substituted heterodyclic structure; Rso7; represents OH,
a halogen atom, ONa, OK, or ORsp7a where Rsgra
represents a linear or branched alkyl group having 1
to 8 carbon étoms, or a substituted or unéubstituted
phenyl group.
15
8. A polymer according to claim 1, wherein the
structure represented by the chemical formula (1)

corresponds to the chemical formula (509a) or (509Db):
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Rsoow R 500y

R 5004 (509a)

wherein Rsgoy and Rspox €ach represent a hydrogen
atom, and Rsgey represents a CH; group or a hydrogen
atom; one of Rsosa; Rsoons, Rsooc, Rsooar Rsose, Rsgor, and
Rspog represents SOzRspe0 (Rsoso represents a halogen atom
or ORsges Where Rspss represents a linear br branched
alkyl group having 1 to 8 carbon atoms, or a
substituted or unsubstituted phenyl group); the

others represent hydrogen atoms;
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Rsoov R509z

[ \

\| 1/

Rsooy F—0

(509b)

wherein Rsgey and Rsgey each represent a hydrogen
atom, and Rsge; represents a CHs group or a hydrogen
atom; one of Rsgons R569ir Rsogj, Rsoosks Rsosr, Rsoom, and
5 Rsoon represents SO0zRsgeq (Rspeq represents a halogen atom
or ORsgor Where Rsgor represents a linear or branched
alkyl group having 1 to 8 carbon atoms, or a
substituted or unsubstituted phenyl group); the
others represent hydrogen atoms.
10
9. A polymer according to claim 1,
characterized in that the structure represented by
the chemical formula (1) corresponds to the chemical

formula (9a) or (9b).



WO 2005/108441 PCT/JP2005/009015

10

15

270

Riow Rioy

[ I \
\ ‘ /
Rix F—0

R 104 : (9a)

(In the formula, Rigy and Rjox each represent a

hydrogen atom, and Rjoy represents a CHs group or a
hydrogen atom. At least one of Ripa, Rigp, Rioer Rigar
Rioe; Rioz, and Rjgg represents SO;Rige (Rigo represents OH,
a halogen atom, ONa, OK, or ORjps. Rios represents a
linear or branched alkyl group having 1 to 8 carbon
atoms, or a substituted or unsubstituted pheﬁyl
group.). Each of Risa; Riobs Rioer Rioa; Rige; Rios, and
Riggy is selected from a hydrogen atom, a halogen atom,
an élkyl group having 1 to 20 carbon atoms, an alkoxy
group having 1 to 20 carbon atoms, an OH group, an

NHz group, an NO; group, COOR;qp (Rm; represents an H
atom, an Na atom, or a K atom.), an acetamide group,
an OPh group, "an NHPh group, a CF; group, a Cy;Fs5 group,

and a C3Fy group. Up to five of Riga; Rions Rioe; Rioas
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Rige, Rios, and Rigy can represent hydrogen atoms.)

Riov R0z
Ly
\ I /

Ryow F—0

H N R]%

R 10h _ R 10m

R0 R 101

R 10j Riok (9b)

(In the formula, Rjov and Rigyw each represent a
hydrogen atom, and Rigo, represents a CH; group or a

5 hydrogen atom. At least one of Rions Rioir Riojs Rioks
Rio1; Rioms and Rjgon represents SO2R10q4 (Rioq represents OH,
a halogen atom, ONa, OK, or ORjot. Rjot represents a
linear or branched alkyl group having 1 to 8 carbon
atoms, or a substituted or unsubstituted phényl

10 group.). Each of Rion, Ruﬁ, Rioy, Riox, Rioi, Rigm, and
Rion 15 selected from a hydrogen atom, a halogen atom,
an alkyl group having 1 to 20 carbon atoms, an alkoxy
group having 1 to 20 carbon atoms, an OH group, an
NH; group, an NO, group, COORjq, (R@r represents an H

15 atom, an Na atom, or a K atom.), an acetamide group,
an OPh group, an NHPh group, a CF3 group, a CyFs group,

and a CsF7 group. Up to five of Rions Rioi, Rioj, Rioks
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Rioir Riom, and Ryon can represent hydrogen atoms.)

10. A polymer according to claim 6, wherein the
structure represented by the chemical formula (1)

5 corresponds to the chemical formula (10) :

R 16w le
{ \
\ I /
Rix F——0
H—N
SOZR 16a
CH,

(10

wherein Riey and Ryex each represent a hydrogen
atom, and Risy represents a CH; group or a hydrogen
atom; Risa represents OH, a halogen atom, ONa, OK, or
10 ORigp where Ryg, represents a linear or branchéd alkyl
group having 1 to 8 carbon atoms, or a substituted or

unsubstituted phenyl group.

11. A polymer according to claim 8, wherein the
15 structure represented by the chemical formula (1)

corresponds to the chemical formula (11):
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R Ry
HH

Ry 0

H—N

an

wherein Rj7, and Riox eaéh represent a hydrogen

atom, and Riyy represénts a CHs group or a hydrogen
atom; Rj7a represents a halogen atom or OR;7, where Ry
5 represents a linear or branched alkyl group having 1
to 8 carbon atoms, or a substituted or unsubstituted

phenyl group.

12. A polymer according to claim 6, wherein the
10 structure represented by the chemical formula (1)

corresponds to the chemical formula (12):
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Risw Rsy
AR
\ , /
R18x —0
H—N
AN SO,R 14,
/
0
|
CH,

12)

wherein Rjgy and Rigx each represent a hydrogen
atom, and Rigy repfesents a CH3 group or a hydrogen
atom; Riga represents OH, a halogen atom, ONa, OK, or
5 ORigp, where Rigp, represents a linear or branched alkyl
group having 1 to 8 carbon atoms, or a substituted or

unsubstituted phenyl group.

13. A polymer according to claim 8, wherein the
10 structure represented by the chemical formula (1)

corresponds to the chemical formula (13):
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R19y

(13)

wherein Rig, and Rjgx each represent a hydrogen

atom, and Rygy represents a CH; group or a hydrogen

atom; Rjiga represents OH, a halogen atom, ONa, OK, or

5 Ongb where

Riop represents a linear or branched alkyl

group having 1 to 8 carbon atoms, or a substituted or

unsubstituted phenyl group.

14. A polymer according to claim 1, wherein the

10 structure representéd by the chemical formula (1)

corresponds to the chemical'formula (301):

Raoiw Rsoty

/ \

\' )

Raoix —
H—N

R (301

wherein R represents -Asp;-SO,Rs01; Rsgr, and R301x
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eaqh independéntly represent a halogen atom or a
hydrogen atom, and Rspy represents a CHs group, a
haloge; atom, or a hydrogen atom; at least one of
R3o1w, Rs01x, and Rsoiy represents a halogen atom; Asp:

5 represents a substituted or unsubstituted aliphatic
hydrocarbon structure, a substituted or unsubstituted
aromatic ring structure, or a substituted or
unsubstituted heterocyclic structure; Rsp represents
OH, a halogen atom, ONa, OK, or ORs3y, where R301a

10 represents a linear or branched alkyl group having 1

to 8 carbon atoms, or a substituted or unsubstituted

phenyl group.

15. A polymer according to any one of claims 1
15 to 14, which further coﬁtains at least one unit
derived from a vinyl-based monomer represented by
chemical formula (108) in addition to the unit

represented by the chemical formula (1):

Riosw Riosy

.
T

Rigax R
108x "™ 108 (108)
20 wherein Rigsy and Rigsx each independently
represent a hdlogen atom or a hydrogen atom, and Riosy

represents a CH3 group, a halogen atom, or a hydrogen
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atpm; Rigs represents a hydrogen atom, a substituted
or unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
a substituted or unsubstituted heterocyclic structure,
5 a halogen atom, =CO-Riosar —O-Riggp, —COO0~Ripgc, —OCO-Riggq,

—CONRj0geR108:, —CN, or a ring structure containing an N
atom; Rioga; Riosb, Rioscs ‘Riosar Rioge, and Ripgr each
independently represent a hydrogen atom, a
substituted or unsubstituted aliphatic hydrocaibon

10 structure, a substituted or unsubstituted aromatic
ring structure, or a substituted or unsubstituted

heterocyclic structure.

16. A polymer according to any one of claims 1
15 to 15, which has a number average molecular weight of

1,000 to 1,000,000,

17: A compound represented by chemical formula

(617) :
R617w R617y
Rmm —0
H—N
| \
20 R (617)

wherein R represents —RA617-SO02R617; Re17ws Rei7x, and
Rei7y are selected from combinations described in the

following items (i) and (ii); for the item (1), Agy
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and Re17 are selected from combinations described in
the following items (i-A) to (i-G); for the item (i1),
Ag17 and Rei7 are selected from combinations described
in the following item (ii-A):
(1) Re17w and Rgix each represent a hydrogen atom,
and Rei7y represents a CH; group or a hydrogen atom;
(1-A) Ag17 represents a methylene group, an
ethylene group, a linear or branched alkylene group
having 3 carbon atoms, an alkylene group héving 4
carbon atoms selected from the chemical formulae
(601), an alkylene group having 5 carbon atoms
selected from the chémical formulae (602), a linear
or branched alkylene group having 6 to 8 carbon atoms,
an unsubstituted aromatic ring structure represented
by the chemical formula (604a) or (604b), or an
unsubstituted heterocyclic structure; Re17 represents
a halogen atom or ORg17. where Re17a represents a
substituted or unsubstituted aliphatic hydrocarbon

structure, a substituted or unsubstituted aromatic

ring structure, or a substituted or unsubstituted

heterocyclic structure;

(1-B) Agy represents an unsubstituted aromatic
ring structure represented by the chemical formula
(605); Re17 represents a halogen atém or ORg17a. Re17a
represents a methyl group, a linear or branched alkyl
group having 3 to 8 carbon atoms, a substituted or

unsubstituted aromatic ring structure, or a
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substituted or unsubstituted heterocyclic structure;

(i—-C) A7 represents a branched alkylene group
having 4 carbon atoms represented by the chemical
formula (606); Rei7 represents a halogen atom or ORei7a.
Rg17a represents a linear or branched alkyl group
having 3 carbon atoms, a branched alkyl group having
4 carbon atoms, a linear or branched alkyl group
having 5 to 8 carbon atoms, a substituted or

unsubstituted aromatic ring structure, or a

~ substituted or unsubstituted heterocyclic structure;

(i-D) Ag17 represents a branched alkylene group
having 4 carbon atomé represented by the chemical
formula (607); Rg7 represents a halogen atom or ORgi7a
where Rgi7a represents a linear or branched alkyl
group having 2 to 8 carbon atoms, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure;

(1-E) Ag7 represents a substituted aromatic
ring structure; Reiy represeﬁts OH, a halogen atom,
ONa, OK, or ORgi7a wWhere Rgi7a represents a substituted

or unsubstituted aliphatic hydrocarbon structure, a

- substituted or unsubstituted aromatic ring structure,

or a substituted or unsubstituted heterocyclic
structure;

(1-F) Rg7 represents a substituted heterocyclic
structure; Rg7 represents OH, a halogen atom, ONa, OK,

or ORg17a where Rgi7a represents a substituted orx
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unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure;

(1-G) Ag1y représents an unsubstituted
naphthalene structure; Rg; represents a halogen atom
or ORg17a where Rgi7a represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure;

(ii) Rey7w and Rénx each independently represent
a halogen atom or a hydrogen atom; Re17y represents a
CHs group, a halogen atom, or a hydrogen atom. At
least one of Rei7w, Rei7x, and Re17y represents a halogen
atom;

(i1i-A) Ag7 represents a substituted or
unsubétituted aliphatic hydrocarbon strucfure, a
substituted or unsubstituted aromatic ring structufe,
or a substituted or unsubstituted.heterocyclic
structure; Re; represents OH, a halogen atom, ONa, OK,
or ORgi7a where Rs17a represents a substituted or
unsubstituted aiiphatic hydrocarboﬁ structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic

structure;
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H HiCHy il
——N—=CHyCHyCH,-CH,80,—  ——N+CH=CHy CH,+S0,—
TR cr i A7 H | CHsi  A617
——N~CHy-CHy CH—+S0,— ——N—CHp C—+S0,—
H A617 CHs
——N—+CHy CH-+80,— N
: éHZE ——N—g—(IDH-CHz-i-SOZ——.
L] § ’
. CHgs: a617 5 (|3H2
T Cl;H3 ‘ i CHy A617
——N—-r(l:——E—SOZ—— T
(|3H2 § ——N—;~(l:H—;—soz——
CHs ¢ a7 i ?Hz
H (l3H2 ,
N~ CH—+80,— : CHz 1 a6ty
§ oH L A617
HiC~  “CHs |

(601)
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PCT/JP2005/009015
H
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: CH, éHa
CH, A617
HiCHy |
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§ CI:H2 '
éHg A617
e
[

——-—N-cle ?H—~so2
{ CHy CHy!

CHa: A617

H i CHs!

——N-~+CHy CHy C—+80,—

CHg: A617

(602)
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(604a)

A617 (605)

[ (606)
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H CHy  iA6l7

——N—=-CH, CH—CH,+S0,—

(607)

ig. A compound according to claim 17, wherein
the compound represented by the chemical formula
5 (617) has a structure represented by the chemical

formula (618):

R618W R61 8y

(618)

wherein R represents -Ag3—SO02Re187 Reiswr Reisxs
and Rgigy are selected from combinations described in
10 the following itemsw(i) and.(ii); for the item (1),
Agig and Rgig are éelected from combinations described
in the following items (i-A) to (i-D); for the item
(ii), Aes and Re1g are selected from combinations
described in the following item (ii-A):
15 (1) Reisw and Reigx each represent a hydrogen atom,
and Rgigy represents a CHsz group or a hydrogen atom;
(i-A) Ags representé a methylene group, an

ethylene group, a linear or branched alkylene group
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having 3 carbon atoms, an alkylene group having 4
carbon atoms selected from the chemical formulae
(701), an alkylene group héving 5 carbon atoms
selected from the chemical formulae (702), a linear
or branched alkylene group having 6 to 8 carbon atoms,
an unsubstituted aromatic ring structure, or an
unsubstituted heterocyclic structure; Rgg represents
a halogen atom or ORgiga Where Rgiga représents a methyl
group, an ethyl group, or a phenyl group;-

(1-B) Ags represents a branched alkylene group
having 4 carbon atoms represented by the chemical
formula (706); Reis répresents a halogen atom or ORgiga
where Rgiga represents a phenyl group.

(1-C) Ags represents a branched alkylene group
having 4 carbon atoms represented by the chemical
formula (707); Rgis represents a halogen atom, OK, or
ORe18a Where Rgiga represents an ethyl group or a‘phenyl
group;

(i-D) Agg represents a substituted aroﬁatic
ring structure or a substituted heterocyclic
structure; Rgg represents OH, a halogen atom, ONa, OK,
or ORgiga Where Rgiga represents a methyl group, an
ethyl group, or a @henyl group;

(1i) Reigw and Rgigx each indepéndently represent
a halogen atom or a hydrogen atom; Rgigy represents a
CHj group,'a halogen atom, or a hydrogen atom; at

least one of Reiswr Reisx, and Reigy represents a halogen
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atom;

(1i-A) Ags represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,

5 or a substituted or unsubstituted heterocyclic
structure; Rgg represents OH, a halogen atom, ONa, OK,
or ORaﬁaAwhere Reisa represents a methyl group, an

ethyl group, or a phenyl group;
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i
————N—§—(|3'—CH2-§—SO?_—
5 CHg §A618
T SR (706)
Hi CHy | A618
—N—CHy"CH—CH,+S0,—
RS EREEEL R ' (707)
5 19. A method fér producing a polymer having a

unit represented by the chemical formula (1), which
comprises polymerizing a compound represented by the

chemical formula (617):

R517W R617y
R617x . O
H—N
\
R (617)
10 wherein R represents -RAg7-SO2Re17;7 Reimw, Reix, and

Re17y are selected from combinations described in the
following items (i) and (ii); for the item (i), Agn
and Rg17 are selected from combinations described in
the following items (i-A) to (i-G); for the item (ii),
15 Ag17 and Re17 are selected from combinations described

in the following item (ii-A):
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(i) Reimw and Repx each represent a hydrogen atom,
and Rg7y represents a CH; group or a hydrogen atom;
(i-A) Agi7 represents a methylene group, an

ethylene group, a lineér or branched alkylene group

5 having 3 carbon atoms, an alkylene group having 4
carbon atoms selected from the chemical formulae
(601), an alkylene group having 5 carbon atoms
selected from the chemical formulae (602), a linear
or branched alkylene group having 6 to 8 carbon atoms,

10 an unsubstituted aromatic ring structure represented
by the chemical formula (604a) or (604b), or an
unsubstituted heteroéyclic structure; Re¢7 represents
a halogen atom or ORgi7a where Rgi7a represents a
substituted or unsubstituted aliphatic hydrocarbon

15 structure, a substituted or unsubstituted aromatic
ring structure, or a substituted or unsubstituted
heterocyclic structure;

(i-B) Ag7 represents an unsubstituted aromatic

ring structure represented by the chemical'férmula

20 (605); Re7 represents a halogen atom or OReira whe;e
Res17a represents a methyl group, a linear or branched
alkyl group having 3 to 8 carbon atoms, a substituted
or unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterécyclic structure;

25 (1i-C) BAg17 represents a branched alkylene group
having 4 carbon atoms represented by the chemical

formula (606); Rgy represents a halogen atom or ORei7a
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where Rei7a represents a linear or branched alkyl
group having 3 carbon atoms, a branched alkyl group
having 4 carbon atoms, a linear or branched alkyl
group having 5 to 8 carbon atoms, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure;

(1-D) Ag7 represents a branched alkylene group
having 4 carbon atoms represented by the chemical
formula (607); Rgi7 repfesents a halogen atom or ORei17a
where Rgi17a represents a linear or brénched alkyl
group having 2 to 8 carbon atoms, a substituted or
unsubsfituted aromatic ring structure, or-a
substituted or unsubstituted heterocyclic structure;

(1-E) Rg7 represents a substituted aromatic
ring structure; Rg; represents OH, a halogen atom,
ONa, OK, or ORg17a where Rgi7a represents a substituted
or unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure;

(1-F) Agp represents a substituted heterocyclic
structure; Rgy represents OH, a halogen atom, ONa, OK,
or ORg17a where Rgi17s represents a substituted or
unsubstituted aliphatic hydrocarboﬁ structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic.

structure;
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(1-G) A¢7 represents an unsubstiﬁuted
naphthalene structure; Rg; represents a halogen atom
or ORgi7a where Rgi7a represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a

5 substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
sStructure; | |

(11) Rei7w and Rgi7x each independehtly represent
a halogen atom or é hydrogen atom; Rei7y represents a

10 CHz group, a hélogen atom, or a hydrogen atom; at
least one of Rei7u, Rei7x, and Reyy represents a halogen
atom; |

(1i-A) Ag1y fepresents a substituted or
unsubstituted aliphatic hydrocarbon structuré, a

15 substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure; Rey represents OH, a halogen atom, ONa, OK,
or ORg17a Where Rgi7a represents a substituted or
unsubstituted aliphatic hydiocarbon structure, a

20 substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted héterocyclic

structure;
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T i CHs i A617

——N—-CH,-CH—CH,+S0,—
(607)

Rm Rw

[ \

\ ' /
RH ——0
H—N

R

4y

wherein R represents -A;-SO;R;; Ry, Rix, and Ry
are selected from combinations described in the
following items (i) and (ii); for the item (i), 2,
and R; are selected from combinations descriped in
the following items (i-A) to (i-G); for the item (ii),
A; and R; are selected from combinatioﬁs described in
the fbilowing item (ii-A):

(1) Ry and R;x each represent a hydrogen atom,
and R;y represents a CHz group or a hydrogen atom;

(i-A) A; represents a methylene group, an
ethylene group, a linear or branched alkylene group
having 3 carbon atoms, an alkylene group having 4

carbon atoms selected from the chemical formulae
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(101), an alkylene group having 5 carbon atoms
selected from the chemical formulae (402), a linear
or branched alkylene group having 6 to 8 carbon atoms,
an unsubstituted aromatic ring structure represented
by the chemical formula (104a) or (104b), or an
unsubstituted heterocyclic structure; R; represents a
halogen atom or OR;, where R;, represents a
substituted or unsubstituted aliphatié hydtocarbon
structure, a substituted or unsubstituted aromatic
ring structure, or a substituted or unsubstituted
heterocyclic structure;

(1-B) A repreéentS‘an unsubstituted aromatic
ring structure represented by the chemical formula
(105); R; represents a halogen atom or OR;, where Ri,
represents a methyl group, a linear or branched alkyl
group having 3‘to 8 carbon atoms, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure;

(1-C) A; represents a branched alkylene group
having 4 carbon atoms represented by the chemical
formula (106); Ri1 represents a halogen atom or ORi,
where R, repfesents a linear or branched alkyl group
having 3 carbon atoms, a branched alkyl group having
4 carbon' atoms, a linear or branched alkyl group
having 5 to 8 carbon atoms, a substituted or
unsubstituted aromatic ring structure; or a

substituted or unsubstituted heterocyclic structure;
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(1-D) A; represents a branched alkylene group
having 4 carbon atoms represented by the chemical
formula (107); R; represents a halogen atom or ORj,
where Rj;, represents a linear or branched alkyl group
having 2 to 8 carbon atoms, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure;

(i-E) A; represents a substituted aromatic ring
structure; R; represents OH, a halogen atom, ONa, OK,
or OR;, where Rj, represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubétituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure; .

(1-F) A; represents a substituted heterocyclic
structure; R; represents OH, a halogen atom, ONa, OK,
or ORj, where R;, represents a substituted or
unsubstituted aliphatic hjdrocarboﬁ structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure;

(1-G) Al represents an unsubstituted naphthalene
structure; R; represents a halégen atom or OR;, where
Ria represents a substituted or unsubstituted
aliphatic hydrocarbon structure, a substituted or
unsubstituted aromatic ring structure, or a

substituted or unsubstituted heterocyclic structure;
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(ii) Riy and Rix each independently represent a
halogen atom or a hydrogen atom; R,y represents a CHj
group, a halogen atom, or a hydrogen atom; at least
one of Riws Rix, and Ryy represents a halogen atom;

(1i-A) A; represents a substituted or

‘unsubstituted aliphatic hydrocarbon structure, a

substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure; R; represents OH, a halogen atom, ONa, OK,
or ORj, where R;, represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubétituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic

structure;
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' T CHs v Al
—N—CHy"CH-CH,+80,—
e ' (107)

20. A method of producing a polymer having a
unit represented by chemical formula (16), which
comprises subjecting a polymer having.a unit
represented by the chemical formula (14) and at least
one kind of amine compound represented by chemical

formula (15) to condensation reaction:

RZOw R 20y
[ \
\ l /
Raox F——0
0
R 20 (14)

‘wherein Rzow and Rpox each independently
represent a Halogen atom or a hydrogen atom; RmyA
represents a CHz group, a halogen atom, or a hydrogen
atom; Ryp represents an H atom, an Na atom, or a K
atom;

N — A SORy
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wherein Ry; represents OH, a halogen atom, ONa,'
OK, or ORzia; Az1 and Rpy, each independently represent
a substituted or unsubstituted aliphatic hydrocarbon
structure, a substituted or unsubstituted aromatic
ring structure, or a substituted or unsubstituted

heterocyclic structure;

R 22w R 22y

a \

(16)

wherein R represents =-A;;—-SO05Rz:; Ry and Rooy
each independently represent a halogen atom or a
hydrogen atom; Ry, represents a CHs group, a halogen
atom, or a hydrogen atom; R,; represents OH, a halogen
atom, ONa, OK, or ORsa; BAs» and Rz2a each independently

represent a substituted or unsubstituted aliphatic

hydrocarbon structure, a substituted or unsubstituted

aromatic ring structure, or a substituted or

unsubstituted heterocyclic structure.

21. A method of producing a polymer according
to claim 20, wherein a condensation agent is used to

form an amide bond in an identical reaction field.
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22. A method of producing a polymer according
to claim 21, wherein the condensation agent is a

phosphoric acid-based condensation agent.

23. A method of producing a polymer according

to claim 22, wherein the condensation agent is

selected from the group consisting of a phosphite-

based condensation agent, a phosphorus'chloride—based
condensation agent, a phosphoric anhydride-based
condensation agent, a phosphate-based condensation
agent, and a phosphoric amide-based condensation

agent.

24. A method of producing a polymer according
to any one of claims 20 to 23, wherein condensation

reaction is performed in the presence of pyridine.

25. A method of producing a polymer haying a
unit represented by chemical formula (18), which
comprises esterifying a polymer having a unit
represented by the chemical formula (17) by using an

esterifying agent:
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an

wherein R represents =-A;3—SO;Rz3; Rasy and Rosy
each independently represent a halogen atom or a
hydrogen atom; Rgsy répresents a CH3 group, a halogen
5 atom, or é hydrogen étom; Rz3 represents OH, a halogen
atom, ONa, or OK; A,3; represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,

or a substituted or unsubstituted heterocyclic

10 structure;

Row Ry

| \
~ ]

Rax  F—0

) o~

) —

(18)

wherein R represents -Az;—SO3Rz4; Rosy and Rouy
each independéntly represent a halogen atom or a

hydrogen atom; Rz represents a CH; group, a halogen
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atom, or a hydrogen atom; A;; and Ry each
independently represent a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic

structure.

26. A method of producing a polymer according
to claim 25, wherein trimethylsilyldiazomethane or
trimethyl orthoformate is used as the esterifying

agent.

27. A method of producing a polymer according
to claim 25, wherein triethyl orthoformate is used as

the esterifying agent.

28. A charge control agent for controlling a
charged state of powder, which contains a polymer
having a unit having a structure represented by the

chemical formula (19):
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(19

wherein R represents -R;s-SOsRz5; Rasw, Rasx, and
Rysy are selected from combinations described in the
following items (i) and (ii); for the item (1), Ags
5 and Rgs aré selected from combinations described in
the following items (i-A) and (i-B); for the item
(1i), Azs and Rys are selected from combinations
described in the following item (ii-A):
(1) Rgsy and Rpsy each represent a hydrogen atom,
10 and Rgsy represents a CH3; group or a hydrogen atom;
(i-A) Ays represents a substituted or
unsubstituted aliphatic hydfocarbon structure; Rys
represents a halogen atom or ORzs, where Rps,
represents a substituted or unsubstituted aliphatic
15 hydrocarbon étructure, a substituted or unsubstituted
aromatic ring structure, or a substituted or
unsubstituted heterocyclic structure;
(1-B) Azs represents a substituted or .
unsubstituted aromatic ring structure, or a

20 substituted or unsubstituted heterocyclic structure;
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Rys represents OH, a halogen atom, ONa, OK, or ORgzsa
where Rgs, represents a substituted or unsubstituted
aliphatic hydrocarbon structure, a substituted or
unsubstituted aromatic ring structure, or a
substituted or unsubstituted heterocyclic structure;

(ii1) Rgsy and Rysy each independently represent a
halogen atom or a hydrogen atom; Rysy represents a CHj
group, a halogen atom, or a hydrogen atom; at least
one of Rosws Rosx, and Rpsy represents a halogen atom;

(1i-A) Ays represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubétituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic
structure; Rys represents OH, a halogen atom, ONa, OK,
or ORzsy, where Rys, represents a substituted or
unsubstituted aliphatic hydrocarbon structure, a
substituted or unsubstituted aromatic ring structure,
or a substituted or unsubstituted heterocyclic

structure.

29. A charge control agent for controlling a
charged state of powder, which contains at least one
kind of polymer according to any one of claims 1 to

l6.

30. A charge control agent according to claim

28 or 29, wherein the powder is toner for developing
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an electrostatic charge image.

31. A toner for developing an electrostatic
charge image, which contains at least:

a binder resin;

a colorant; and

the charge control agent according to any one
of claims 28 to 30.

32. An image forming method, comprising at
least the steps of:

externally applying a voltage to a charging
member to charge:an électrosratic latent image-
bearing member;

forming an electrostatic charge image on the
charged electrostatic latent image-bearing member;

developing the electrostatic charge image with
toner for developing an electrostatic charge image to
form a toner image on the electrostatic latent image-
bearing meﬁber;

transferring the toner image on the
electrostatic latent image-bearing member onto a
recording material; and

fixing the toner image on the recording
material under heating,

wherein the toner for developing an
electrostatic’ charge image according to claim 31 is

used.
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33. An image forming apparatus, comprising at

least:

means for externally applying a voltaée from an
outside to a charging member to charge an
electrostatic latent image-bearing member;

means for forming an electrostatic charge image
on the charged electrostatic latent image-bearing
member;

means for developing the electrostatic charge
image with toner for developing an electrostatic
charge image to form a toner image on the
electrostatic latent:image—bearing member;

means for transferring the toner image on the
electrostatic latent image-bearing member onto a
recording material; and '

means for fixing the toner image on the
recording material under heating,

wherein the toner for developing an
electrostatic charge image éccording to claim 31 is

used.
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FIG. 3
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