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(57) ABSTRACT

An organic electroluminescence element includes: a pair of
electrodes composed of a positive electrode and a negative
electrode, one of which is transparent or semitransparent; and
one or more organic compound layers that are sandwiched
between the pair of electrodes, in which at least one layer of
the organic compound layers contains one or more of charge-
transporting polyesters represented by formula (I).
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ORGANIC ELECTROLUMINESCENCE
ELEMENT AND DISPLAY MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority
under 35 USC 119 from Japanese Patent Applications No.
2011-011330 filed Jan. 21, 2011 and No. 2011-012353 filed
Jan. 24, 2011.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to an organic elec-
troluminescence element and a display medium.
[0004] 2. Related Art
SUMMARY

[0005] According to an aspect of the invention, there is
provided an organic electroluminescence element including a
pair of electrodes composed of a positive electrode and a
negative electrode, one of which is transparent or semitrans-
parent, and one or more organic compound layers that are
sandwiched between the pair of electrodes, in which at least

/ \

/\

one layer of the organic compound layers contains one or
more of charge-transporting polyesters represented by the
following formula (I):

Rl—o—(-Yl—oﬁﬁ—Al—ﬁ—(-o—YZ-)WoTRZ
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p

[0006] informula (I), A’ represents a group selected from a
structure shown by the following formula (II), Y* and Y? each
independently represents a substituted or unsubstituted diva-
lent hydrocarbon group, m1 and m2 each independently rep-
resents an integer of 1 to 5, and p represents an integer of 5 to
5000. R' and R? each independently represents a hydrogen
atom, an alkyl group, a substituted or unsubstituted aryl
group, or a substituted or unsubstituted aralkyl group,
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in formula (II), Ar' and Ar® each independently represents a
substituted or unsubstituted phenyl group, a substituted or
unsubstituted monovalent polynuclear aromatic hydrocarbon
group having an aromatic ring number of 2, a substituted or
unsubstituted monovalent condensed aromatic hydrocarbon
group having an aromatic ring number of 2 or 3, or a substi-
tuted or unsubstituted monovalent aromatic heterocycle
group, j1 and j2 each independently represents 0 or 1, T* and
T? each independently represents a divalent straight-chain
hydrocarbon group having a carbon number of 1 to 6 or a
divalent branched-chain hydrocarbon group having a carbon
number of 2 to 10, and X represents a group selected from the
following formula (I1I-1) and the following formula (II1I-2),

\S:Q:N\> [ S \ < >
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(ITI-1)

(I11-2)

in formula (III-1), q1 and g2 each independently represents 0
orl.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Exemplary embodiments of the present invention
will be described in detail based on the following figures,
wherein:

[0008] FIG. 1 is a schematic configuration diagram show-
ing an example of the layer configuration of the organic
electroluminescence element according to the exemplary
embodiment;

[0009] FIG. 2 is a schematic configuration diagram show-
ing a second example of the layer configuration of the organic
electroluminescence element according to the exemplary
embodiment;

[0010] FIG. 3 is a schematic configuration diagram show-
ing a third example of the layer configuration of the organic
electroluminescence element according to the exemplary
embodiment; and
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[0011] FIG. 4 is a schematic configuration diagram show-
ing a fourth example of the layer configuration of the organic
electroluminescence element according to the exemplary
embodiment.

DETAILED DESCRIPTION

[0012] Hereinafter, the invention will be described in more
detail with reference to exemplary embodiments.

[0013] <Organic Electroluminescence Element>

[0014] The organic electroluminescence element of the
present exemplary embodiment (hereinafter sometimes
referred to as the “organic EL element”) has a pair of elec-
trodes composed of a positive electrode and a negative elec-
trode, one of which is transparent or semitransparent, and one
or more organic compound layers that are sandwiched

[\

/\

between the pair of electrodes and contain one or more of
charge-transporting polyesters represented by the following
formula (I) in at least one layer of the organic compound
layers.

RI—O—fY]—Oﬁﬁ—Al—ﬁ—&O—YZWOTRZ
0 o}
P

[0015] Informula(I), A’ represents a group selected from a
structure shown by the following formula (IT), Y* and Y* each
independently represents a substituted or unsubstituted diva-
lent hydrocarbon group, m1 and m2 each independently rep-
resents an integer of 1 to 5, and p represents an integer of 5 to
5000. R' and R? each independently represents a hydrogen
atom, an alkyl group, a substituted or unsubstituted aryl
group, or a substituted or unsubstituted aralkyl group,
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[0016] Informula (IT), Ar' and Ar” each independently rep-
resents a substituted or unsubstituted phenyl group, a substi-
tuted or unsubstituted monovalent polynuclear aromatic
hydrocarbon group having an aromatic ring number of 2, a
substituted or unsubstituted monovalent condensed aromatic
hydrocarbon group having an aromatic ring number of 2 or 3,
or a substituted or unsubstituted monovalent aromatic hetero-
cycle group, j1 and j2 each independently represents Oor 1, T*
and T* each independently represents a divalent straight-
chain hydrocarbon group having a carbon number of 1 to 6 or
a divalent branched-chain hydrocarbon group having a car-
bon number of 2to 10, and X represents a group selected from
the following formula (III-1) and the following formula (I1I-
2).

[0017] The followings are examples of the functional group
when the functional group III-2 is used.

\Nj©:> / S\§ < >

11-1)

111-2)

/
O-0-0

N. N
\S/

[0018] In formula (III-1), q1 and g2 each independently
represents O or 1.

[0019] In the charge-transporting polyester in the exem-
plary embodiment, it is presumed that the property of inject-
ing charges from the electrode is improved since the ioniza-
tion potential is controlled to be low by inserting
benzobisthiazole rings that are connected to at least one of
phenylene groups and thiophen rings in the molecular struc-
ture. Furthermore, structures to which the benzobisthiazole
rings are inserted are excellent in terms of solubility and
compatibility with respect to a solvent or a resin. Therefore, it
is presumed that use of the charge-transporting polyester
increases the area, and allows the organic electrolumines-
cence element to be manufactured easily.

[0020] In addition, since the charge-transporting polyester
may impart both of a hole-transporting function and an elec-
tron-transporting function by selecting the structure as
described below, the charge-transporting polyester may be
used for any of the hole-transporting layer, the light-emitting
layer, the electron-transporting layer, and the like according
to the purpose. Furthermore, it is presumed that, since the
charge-transporting polyester in the exemplary embodiment
has a relatively high glass transition temperature and large
charge mobility, electric currents may flow easily, and an
increase in voltage is suppressed so that heat is not easily
generated during light emission, whereby the stability is
excellent, and the service life of the element is extended.

[0021] Meanwhile, the “charge-transporting polyester” in
the exemplary embodiment refers to polyesters, which are
semiconductors that transport holes or electrons as charges.
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[0022] (Charge-Transporting Polyester)

[0023] Hereinafter, the charge-transporting polyester in the
exemplary embodiment will be described. Firstly, the struc-
ture of A' in formula (I), which is a feature of the charge-
transporting polyester, will be described.

[0024] Informula (IT), Ar* and Ar® each independently rep-
resents a substituted or unsubstituted phenyl group, a substi-
tuted or unsubstituted monovalent polynuclear aromatic
hydrocarbon group having an aromatic ring number of 2, a
substituted or unsubstituted condensed aromatic hydrocar-
bon group having an aromatic ring number of 2 or 3, or a
substituted or unsubstituted monovalent aromatic hetero-
cycle group. Further, Ar' and Ar” that are present in formula
(I1) may be the same or different, but the same Ar' and Ar*
may be manufactured easily.

[0025] Here, the polynuclear aromatic hydrocarbon group
and the condensed aromatic hydrocarbon group refer specifi-
cally to groups having polycyclic aromatic rings as defined
below (that is, polynuclear aromatic hydrocarbon or con-
densed aromatic hydrocarbon) in the exemplary embodiment.
[0026] That is, the “polynuclear aromatic hydrocarbon”
represents hydrocarbon, in which 2 or more aromatic rings
composed of carbon and hydrogen are present and the rings
are bonded by carbon-carbon bonding. Specific examples
include biphenyl and the like. In addition, the “condensed
aromatic hydrocarbon” represents hydrocarbon compounds
that include 2 or more aromatic rings composed of carbon and
hydrogen and share a pair of carbon atoms, in which the
aromatic rings are adjoined and bonded. Specific examples
include naphthalene, anthracene, phenanthrene, fluorine, and
the like.

[0027] Furthermore, the aromatic heterocycle group
selected as the structure representing the “Ar' and Ar®” in
formula (IT) refers to a group having an aromatic heterocycle
as described below in the exemplary embodiment.

[0028] That is, the “aromatic heterocycle” represents aro-
matic rings that include elements other than carbon and
hydrogen as well, and examples thereof include rings for
which the number of atoms configuring the cyclic skeleton
(Nr) is at least 5 or 6. In addition, the kind and number of the
atoms other than carbon atoms that configure the cyclic skel-
eton (heterogeneous atoms) are not particularly limited; how-
ever, for example, sulfur atoms, nitrogen atoms, oxygen
atoms, and the like may be used, and at least two or more
kinds of heterogeneous atoms or two or more heterogeneous
atoms may be included in the cyclic skeleton. Particularly,
examples of heterocycles having a 5-membered ring structure
that may be used include thiophene, pyrrol, furan, and het-
erocycles in which carbon having a coordination number of 3
or 4 in the compound are substituted with nitrogen, and
examples of heterocycles having a 6-membered ring structure
that may be used include pyridine.

[0029] Furthermore, the aromatic heterocycle group may
be any aromatic heterocycle group as long as the group has the
aromatic heterocycle, and also includes any of groups in
which aromatic rings are substituted with the aromatic het-
erocycles and groups in which the aromatic heterocycles are
substituted with aromatic rings in addition to the groups com-
posed of the aromatic heterocycle. Specific examples of the
aromatic rings include the aromatic rings as described above.
[0030] That is, examples of the aromatic heterocycle group
may be groups having the above polycyclic aromatic rings
(that is, monovalent polynuclear aromatic hydrocarbon hav-
ing an aromatic ring number of 2 or monovalent condensed

Jul. 26,2012

aromatic hydrocarbon having an aromatic ring number of 2 or
3), in which one or more of aromatic rings are substituted with
aromatic heterocycles, and specific examples thereof include
thiophenylphenyl groups, phenylpyridine groups, phenylpyr-
rol groups, and the like.

[0031] Examples of substituent groups that substitute a
phenyl group, a polycyclic aromatic hydrocarbon group, a
condensed polycyclic aromatic hydrocarbon group, or an aro-
matic heterocycle group, which are represented by Ar' and
Ar? in formula (I), include a hydrogen atom, an alkyl group,
analkoxy group, an aryl group, an aralkyl group, a substituted
amino group, a halogen atom, and the like.

[0032] Examples of the alkyl group include alkyl groups
having a carbon number of 1 to 10, for example, a methyl
group, an ethyl group, a propyl group, an isopropyl group, and
the like.

[0033] Examples of the alkoxy group include alkoxy
groups having a carbon number of 1 to 10, for example, a
methoxy group, an ethoxy group, a propoxy group, an iso-
propoxy group, and the like.

[0034] Examples of the aryl group include aryl groups hav-
ing a carbon number of 6 to 20, for example, a phenyl group,
a toluoyl group, and the like.

[0035] Examples of the aralkyl group include aralkyl
groups having a carbon number of 7 to 20, for example, a
benzyl group, a phenylethyl group, and the like.

[0036] Examples of substituent groups of the substituted
amino group include an alkyl group, an aryl group, an aralkyl
group, and the like, and specific examples are as described
above.

[0037] In formula (IT), T' and T* each independently rep-
resents a divalent straight-chain hydrocarbon group having a
carbon number of 1 to 6 or a divalent branched-chain hydro-
carbon group having a carbon number of 2 to 10, and, among
them, refers to, for example, a divalent straight-chain hydro-
carbon group having a carbon number of 2 to 6 or a divalent
branched-chain hydrocarbon group having a carbon number
of’3 to 7. A more specific example among them is particularly
a divalent hydrocarbon group as shown below.

—CH—CH, —CH—CH—CH—CH—,
—CH,—CH=C=—=CH——); ——(C=C——
—Clh— — (CHy)py—> ——(CHy)s—
CH3

—(CHy)y—> ——(CHp)s—> ——(CHy)s— _CH_’

CH; CH3 \
— CH—CH,— —c—,

CH3

CH;
—C—CH,—> —CH—CH,—CH,—

CH,

CH; C,H,
—CH,—CH—CH,—» —CH—TH—,
CH;
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-continued
CH; CH,
|
—CH—CH;—> —C—CH,—CH,—>
CHj3
TH3 CH;
—CH—CH—CH,— ——CH—CH,—CH—
CH; CHj
CH; CH;
—CH,—CH—CH,, —CH—CH, —CH,—CH,—,
CH;

——CH,—CH—CH, —CH,—
CH;

——CH—CH, — CH,—CH, —CH,—,
CH;

—— CH,— CH— CH, —CH, —CH, ()
CH;

—CH,—CH,—CH—CH,—CH,—
CH;

CH,—C—CH,—CH,— (%)

CH;
CH;

——CH,—CH—CH, —CH,—CH, —CH,—,
CH;

—CH,—CH— CH,—CH—CH, —,

CH;
CyHs

|
——CH, —CH— CH, —CH,—CH, —,
C2H5

|
——CH,—C—CH,—CH,—CH,—,

CH,
CoHs CoHs
| |
_CHZ_T_(CHZ)S_ _CHZ_T_(CH2)4_’
CH; CH;
CH;

—CH,—CH—(CHy)s—,
C,H;s

I
—CH,—C— (CHy)s—

CH;

@indicates text missing or illegible when filed

[0038] In formula (II), j1 and j2 each independently repre-
sents O or 1.
[0039] Meanwhile, T* and T2, and j1 and j2, present in

formula (II) may be the same or different respectively, but the
same T" and T? and the same j1 and j2 may be manufactured
easily.

[0040] In addition, in formula (III-1), q1 and q2 each inde-
pendently represents 0 or 1, and q1 and q2 present in formula
(III-1) may be the same or different respectively, but the same
ql and g2 may be manufactured easily.
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[0041] At least one selected from the structure represented
by formula (II) as described above is A' in the charge-trans-
porting polyester represented by formula (I).

[0042] Meanwhile, the plural A'’s present in the charge-
transporting polyester represented by formula (I) may have
the same structure or different structures.

[0043] Informula (I),Y" and Y? each independently repre-
sents a substituted or unsubstituted divalent hydrocarbon
group. The divalent hydrocarbon group represented by Y* and
Y?is a divalent alcohol residue, and examples thereof include
an alkylene group, a (poly)ethyleneoxy group, a (poly)pro-
pyleneoxy group, an arylene group, a divalent heterocycle
group, and combinations thereof. The carbon number of the
divalent hydrocarbon group represented by Y* and Y2 is, for
example, in a range of 1 to 18, and may be in a range of 1 to
6.

[0044] That is, specific examples of the divalent hydrocar-
bon group represented by Y' and Y include an alkylene group
having a carbon number of 1 to 10, and an arylene group
having a carbon number of 6 to 18, and may be an alkylene
group having a carbon number of 1 to 5.

[0045] Specific examples of Y' and Y? include groups
selected from the following formulas (IV-1) to (IV-7).
[0046] Meanwhile, Y' and Y? present in the charge-trans-
porting polyester represented by formula (I) may be the same
or different.

(IvV-1)

—(CHy)o—
(IV-2)
—(CH,CH,0),— (CH,CH).—
Iv-3)
~ X
Iv-4)
_CH24<3
\CHZ—
(IV-5)
®%), ®%,
IV-6)
I\ N
O
av-7

/
S

F

[0047] In the above formulas (IV-1), (IV-2), (IV-5), and
(IV-6), R? and R* each represents a hydrogen atom, a substi-
tuted or unsubstituted alky group having a carbon number of
1 to 4, a substituted or unsubstituted alkoxy group having a
carbon number of 1 to 4, a substituted or unsubstituted phenyl
group, a substituted or unsubstituted aralkyl group, and a
halogen atom respectively, a, b, and ¢ each independently
represents an integer of 1 to 10, e represents an integer of 0 to
2, d and f each represents O or 1, and V represents groups
represented by the following groups (V-1) to (V-12).
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(V-1
—(CHy)g—
(V-2)
—C(CH3)—
(V-3)
_O_
(V-4
_S_
(V-5)
YN
(V-6)
(V-7
—C(CF3),—
(V-8)
—Si(CHz)—
(V-9)
—CH=CH—
(V-10)
OO
(V-11)
(V-12)

[0048] In the above formulas (V-1), (V-10), (V-11), and
(V-12), g represents an integer of 1 to 20, and h represents an
integer of 0 to 10.

[0049] In formula (I), m1 and m2 each independently rep-
resents an integer of 1 to 5, and m1 and m2 present in the
charge-transporting polyester represented by formula (I) may
be the same or different.

[0050] 1Informula(I), R' and R* each independently repre-
sents a hydrogen atom, an alkyl group, a substituted or unsub-
stituted aryl group, or a substituted or unsubstituted aralkyl
group. Specific examples of the above alkyl group, aryl
group, and aralkyl group, and substituent groups that substi-
tute the above are the same as the specific examples shown as
the substituent groups that substitute the above aromatic rings
of Arl.

[0051] Inaddition, R' and R? informula (I) refer to a hydro-
gen atom and a phenyl group among the above, and refer to a
hydrogen atom from the viewpoint of cost reduction and easy
manufacturability. In addition, R and R? in the formula (I)
may be the same or different, but the same R and R* may be
manufactured easily.

[0052] In formula (I), p represents an integer of 5 to 5,000,
and may be in a range of 10 to 1000 (or about 10 to about
1000).

Jul. 26,2012

[0053] More specifically, the weight-average molecular
weight Mw of the charge-transporting polyester is, for
example, in a range of 5,000 to 300,000, and may be in arange
0110,000 to 100,000 (or about 10,000 to about 100,000).

[0054] The weight-average molecular weight is measured
by the following method. That is, a 1.0% by mass THF solu-
tion of charge-transporting polyester is prepared, a styrene
polymer is used as a standard sample, and the weight-average
molecular weight is measured by the gel permeation chroma-
tography (GPC) using a differential refractive index detector
[RD.

[0055] In addition, the glass transition temperature (Tg) of
the charge-transporting polyester is, for example, 60° C. to
300° C. (or about 60° C. to about 300° C.), and may be 100°
C. to 200° C.

[0056] Meanwhile, the glass transition temperature is mea-
sured using a differential scanning calorimeter and o-Al,O,
as a reference by heating the sample to a state of rubber,
immersing the sample in liquid nitrogen so as to cool the
sample, and heating the sample again at a heating rate of 10°
C./min.

[0057] The charge-transporting polyester represented by
formula (I) is synthesized by polymerizing, for example, a
charge-transporting monomer represented by the following
structural formula (VI) by the well-known method as
described in, for example, The 4” edition Lecture of Experi-
mental Chemistry Vol. 28, (by The Chemical Society of
Japan, published by Maruzen Publishing Co., Ltd., 1992) and
the like.”

VD

[0058] Informula (VI), Ar',Ar?, X, T", T2 j1 and j2 are the
same as Ar’, Ar>, X, T', T%, j1 and j2 in formula (II), respec-
tively. In formula (VI), A' and A? each independently repre-
sents a hydroxI group, a halogen atom, or —O—R? (R rep-
resents a substituted or unsubstituted alkyl group, a
substituted or unsubstituted aryl group, or a substituted or
unsubstituted aralkyl group).

[0059] Here, specific examples of the structure represented
by formula (VI) when X is the group represented by formula
(III-1) will be shown in Tables 1 to 4. Hereinafter, each of the
specific examples of charge-transporting monomers will be
attached with a compound number (structure number) in the
following table, for example, the specific example whose
attached number is ‘A-5’ is referred to as a “monomer com-
pound (A-5).”

[0060] Meanwhile, in each of the specific examples of the
charge-transporting monomers shown in the following tables,
“Ar' and Ar>”, “T' and T>”, “j1 and j2”, and “A’ and A*”
shown in formula (VI) and “ql and q2” shown in formula
(III-1) are the same, respectively.
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TABLE 1 TABLE 1-continued
Structure Structure
Number Arl, Ar? L2 TLT? gl g ALA? Number Arl, AP iLiP TLT? qlq? ALA?
A-6 CH; 1 CH,CH, 0 OCH,
A-1 : 0 CH,CH, 0 OCH; ;
A2 0 CH,CH, 0 OCH;
CH; A7 CHj 1 CH,CH, 0 OCH;
A3 CH; 0 CH,CH, 0 OCH, Q
O CH3
A-8 1 CH,CH, 0 OCH;
CH,CHj;
A-4 1 CH,CH, 0 OCH,
A9 1 CH,CH, 0 OCH;
CH,Ch,CH;
A-5 1 CH,CH, 0 OCH;
A-10 1 CH,CH, 0 OCH;
TABLE 2
Structure
Number Arl, Ar? L2 TLT? ql,q2 ALA?
A-11 1 CH,CH, 0 OCH;
CH;
H;C
A-12 1 CH,CH, 0 OCH;
OCH;
H3C
A-13 / \ 1 CH,CH, 0 OCH;
S
A-14 ” 1 CH,CH, 0 OCH;
A-15 H;C  CHj 1 CH,CH, 0 OCH;
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TABLE 2-continued
Structure
Number Art, AP L2 ThT? glhq? AL A
A-16 Q 1 CHCH, 0 OCH,
A-17 Q 1 CH,CH, 0 OCHj
l\a
A-18 Q 1 CHCH, 0 OCH,
I\a
A-19 1 CH)XCH, 0 OCH,
A-20 1 CH,CH, 0 OCH;
\ CH;
S
TABLE 3
Structure
Number Art, AP L2 TLT2 ¢l,¢2 ALA?
A-21 S 1 CHCH, 0 OCH;
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TABLE 3-continued
Structure
Number Arl, AP Lz TLT? ql,q2 ALA?
A-22 1 CH,CH, 0 OCH;
: N
A-23 : 1 CHCH, 1 OCH;
A-24 1 CHCH, 1 OCH;
CH;
A-25 CH; 1 CHCH, 1 OCH;
A-26 CH; 1 CHCH, 1 OCH,
CH;
A-27 1 CHCH, 1 OCH;
CH,CHj3
A-28 1 CHCH, 1 OCH;
CH,Ch,CHj3
A-29 . . 1 CHCH, 1 OCH;
A-30 1 CHCH, 1 OCH,
OCH;
H;C
TABLE 4
Structure
Number Arl, AP Lz TLT? ql,q2 ALA?
A-31 1 CHCH, 1 OCH;
OCH;

;

H;C

Jul. 26,2012
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TABLE 4-continued
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Structure
Number Arl, AP iLiZ TLT? . ALA?
A-32 / \ 1 CHCH, 1 OCH;
S
A-33 H;C CHj 1 CHXCH, 1 OCH;
A-34 H3;CH,CH,C  CH,CH,CH; 1 CH)XCH, 1 OCH;
A-35 Q 1 CHCH, 1 OCH;
I\a
A-36 Q 1 CHCH, 1 OCH;
: N
0061] Here, firstly, a method of synthesizing the charge- ride. A benzobisthiazole compound (XIII) is obtained b
y Yy g g p y

transporting monomer represented by formula (VI) will be
described. Hereinafter, a method of synthesizing charge-
transporting monomers will be exemplified, but is not limited
thereto.

[0062] According to the exemplary embodiment, a triary-
lamine derivative represented by the following formula (XI)
is obtained by, for example, carrying out a coupling reaction
between a halogen compound represented by the following
formula (VII) and a diarylamine compound represented by
the following formula (VIII) using a copper catalyst, a cou-
pling reaction between a diarylamine compound represented
by the following formula (IX-1) and a halogen compound
represented by the following formula (X-1) using a copper
catalyst, or a coupling reaction between a diarylamine com-
pound represented by the following formula (IX-2) and a
halogen compound represented by the following formula
(X-2) using a copper catalyst.

[0063] Next, a formylated triarylamine derivative (XII) is
obtained by making triarylamine (XI) react with a formylat-
ing agent, such as N,N-dimethylformamide, N-methylforma-
nilide, and the like, in the presence of phosphorous oxychlo-

making the formylated triarylamine derivative (XII) react
with diamino benzodithiol.

4 ™(T);— COA2

[0064] Informula (VII), A% T, and ] are the same as A%, T?,
and j2 in formula (VI), and G represents a bromine atom or an
iodine atom.

(VID)

(VII)
Arl—N—Ar
H

[0065] In formula (VIII), Ar' is the same as Ar' in the
formula (I1), and Ar® represents a phenyl group or a thiophe-
nylphenyl group.
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IX-1)
Arl—HN /
\ /\(r)j—co/s.2
(IX-2)
AP—HN \ /
/\(T)j—COA2
[0066] In formulas (IX-1) and (IX-2), Ar', Ar®, T, and A®
are the same as described above.
Ar-G (X-1)
Arl-G (X-2)
[0067] Informulas (X-1)and (X-2), Ar', Ar’, and G are the

same as described above.

XD
A_l‘l

/\(T)j—COAZ

[0068] Informula (XI),Ar',Ar’,T,j, and A* are the same as
described above.

(X11)
AII

| @
HOC— APP—N )
\ /\(T)j—COAZ
[0069] Informula (XII), Ar', Ar®, T, j, and A* are the same
as described above.
HSD[NHZ
\ ) H,N SH
/\(T)j—COAZ
(XID)
A:l\ S N /Arl
o Y
N N
S
J

(6]

Ar!

I
HOC—Ar—N

: %,(Az

0
(X11I)

[0070] Informula(XIII), Ar', Ar*, T, j, and A” are the same
as described above.

[0071] Inthe coupling reaction, the halogen compound rep-
resented by formula (VII), (X-1), or (X-2) is used, for
example, in arange 0f 0.5 equivalent amount to 1.5 equivalent

10
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amounts, and may be used in a range of 0.7 equivalent amount
to 1.2 equivalent amounts with respect to one equivalent
amount of the compound represented by formula (VIII), (IX-
1), or (IX-2).

[0072] Examples of the copper catalyst that may be used in
the coupling reaction include copper powder, copper (I)
oxide, copper sulfate, and the like. The copper catalyst is
used, for example, in a range of 0.001 part by mass to 3 parts
by mass, and may be used in a range of 0.01 part by mass to
2 parts by mass with respect to one part by mass of the
compound represented by formula (VIII), (IX-1), or (IX-2).

[0073] A baseis used in the coupling reaction, and specific
examples of the base that may be used include sodium
hydroxide, potassium hydroxide, sodium carbonate, potas-
sium carbonate, and the like. In addition, the base is used, for
example, in a range of 0.5 equivalent amount to 3 equivalent
amounts, and may be used in a range of 0.7 equivalent amount
to 2 equivalent amounts with respect to one equivalent
amount of the compound represented by formula (VIII), IX-
1), or (IX-2).

[0074] A solvent may be or may not be used in the reaction.
When a solvent is used, examples of the solvent that may be
used include water-insoluble hydrocarbon-based solvents
having a high boiling point, such as n-tridecane, tetralin,
p-cymene, terpinolene, and the like, halogen-based solvents
having a high boiling point, such as o-dichlorobenzene, chlo-
robenzene, and the like, and the like. The solvent is used, for
example, in arange of 0.1 part by mass to 3 parts by mass, and
may be used in a range of 0.2 part by mass to 2 parts by mass
with respect to one part by mass of the compound represented
by formula (VIII), (IX-1), or (IX-2).

[0075] Inaddition, thereaction is carried outin conjunction
with efficient stirring under an environment of an inert gas,
such as nitrogen and argon, and, for example, in a temperature
range of 100° C. to 300° C., and, furthermore, the reaction is
carried out while water generated during the reaction is
removed. Meanwhile, the temperature range may be 150° C.
to 270° C., and 180° C. to 230° C.

[0076] After the completion of the reaction, cooling is car-
ried out according to necessity, and then hydrolysis is carried
out using a solvent, such as methanol, ethanol, n-octanol,
ethylene glycol, propylene glycol, glycerin, and the like, and
a base, such as sodium hydroxide, potassium hydroxide, and
the like.

[0077] The amount of the solvent used in the hydrolysis is,
for example, 0.5 part by mass to 10 parts by mass, and may be
one part by mass to 5 parts by mass with respect to one part by
mass of the compound represented by formula (VIII), (IX-1),
or (IX-2). The amount of the base used in the hydrolysis is, for
example, 0.2 part by mass to 5 parts by mass, and may be 0.3
part by mass to 3 parts by mass with respect to one part by
mass of the compound represented by formula (VIII), (IX-1),
or (I1X-2).

[0078] In addition, the hydrolysis reaction is carried out in
conjunction with stirring by directly adding the solvent and
the base to the reaction solution under an environment of an
inert gas, such as nitrogen and argon, in a temperature range
of'50° C. to the boiling point of a solvent to be used after the
coupling reaction is carried out.

[0079] In addition, in this case, since a carboxylate salt is
generated and solidified during the coupling reaction, a sol-
vent, for example, having a boiling point of 150° C. or higher
is used to increase the reaction temperature.
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[0080] After the hydrolysis reaction is finished, the triary-
lamine compound represented by formula (XI) is extricated
by injecting the reaction product to water, and, furthermore,
neutralizing the reaction product using hydrochloric acid or
the like. In the post treatment of the hydrolysis reaction, for
example, a water-soluble ethylene glycol, propylene glycol,
glycerin, or the like is added to extricate the triarylamine
compound represented by formula (XI) by injecting the reac-
tion product to water, and, furthermore, neutralizing the reac-
tion product using hydrochloric acid or the like.

[0081] Next, after the reaction product is washed and dis-
solved in the solvent according to necessity, column purifi-
cation is carried out using silica gel, alumina, activated white
earth, activated coal, or the like, or a treatment, in which these
absorbents are added to the solution so as to absorb unneces-
sary portions, or the like is carried out. Furthermore, recrys-
tallization may be carried out from the solvent, such as
acetone, ethanol, ethyl acetate, or toluene, or the same recrys-
tallization operation may be carried out after methyl ester,
ethyl ester, or the like is esterified.

[0082] Next, a formylated triarylamine derivative (XII) is
obtained by making the obtained triarylamine compound rep-
resented by formula (XI) react with a formylating agent, such
as N,N-dimethylformamide, N-methylformanilide, and the
like, in the presence of phosphorous oxychloride. In this case,
the formylating agent may be excessively used so that the
formylating agent also acts as a reaction solvent, but a solvent
that is inert to the reaction, such as o-dichlorobenzene, ben-
zene, methylene chloride, and the like, may be used as the
solvent. Examples of the reaction temperature include a range
of 0 degrees to the boiling point of a solvent to be used, and
may be 27° C. to 150° C.

[0083] Next, a low-molecular compound of the benzo-
bisthiazole represented by formula (XIII) is obtained by
inducing a cyclization reaction between the formylated tri-
arylamine derivative represented by formula (XII) and
diamino benzodithiol.

[0084] In the cyclization reaction between the formylated
triarylamine derivative represented by formula (XII) and
diamino benzodithiol, for example, 1.5 equivalent amounts to
5 equivalent amounts of amino benzdithiol is used, and 1.7
equivalent amounts to 4 equivalent amounts of diamino ben-
zdithiol may be used with respect to one equivalent amount of
the compound represented by formula (XII).

[0085] In the cyclization reaction, the solvent is used
according to necessity. Examples of the solvent include
water-insoluble hydrocarbon-based solvents having a high
boiling point, such as n-tridecane, tetralin, p-cymene, terpi-
nolene, and the like, halogen-based solvents having a high
boiling point, such as o-dichlorobenzene, chlorobenzene, and
the like, N,N'-dimethylformamide, dimethyl sulfoxide, and
the like. The solvent is used, for example, in a range of 0.1 part
by mass to 3 parts by mass, and may be used in a range of 0.2
part by mass to 2 parts by mass with respect to one part by
mass of the formylated triarylamine derivative represented by
formula (XII).

[0086] In addition, the cyclization reaction is carried out in
conjunction with efficient stirring under an environment of an
inert gas, such as nitrogen and argon, and, for example, in a
temperature range of 100° C.t0 300° C., and, furthermore, the
reaction is carried out while water generated during the reac-
tion is removed. Meanwhile, the temperature range may be
150° C. 10 270° C., and 180° C. to 250° C. After the comple-
tion of the reaction, the reaction product is dissolved in a
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solvent, such as toluene, isopar, n-tridecane, and the like, and
unnecessary substances are removed by water washing or
filtering according to necessity, furthermore, column purifi-
cation is carried out using silica gel, alumina, activated white
earth, activated coal, or the like, or a treatment, in which these
absorbents are added to the solution so as to absorb unneces-
sary portions, or the like is carried out, furthermore, the reac-
tion product is recrystallized from the solvent, such as etha-
nol, ethyl acetate, or toluene, and purified. However, the
synthesizing method in the exemplary embodiment is not
limited thereto.

[0087] Next, specific examples of the structure represented
by formula (VI) when X is the group represented by formula
(III-2) are shown in Tables 5 to 8. Hereinafter, each of the
specific examples of charge-transporting monomers will be
attached a compound number (structure number) in the fol-
lowing table, for example, the specific example whose
attached number is ‘B-5’ is referred to as a “monomer com-
pound (B-5)”

[0088] Meanwhile, in each of the specific examples of the
charge-transporting monomers shown in the following tables,
“Ar' and Ar*”, “T" and T”, “j1 and j2”, and “A' and A*>”
shown in formula (VI) are the same, respectively.

TABLE 5
Structure

Number Arl, AP L2 TLT2 AL A2
B-1 : 0 —  OCH,
B-2 0 —  OCH,

CH;
B-3 0 —  OCH,4

CH,CH,CH;3

B-4 ” 0 —  OCH,
B-5 H;C  CHj 0 —  OCH;,4
B-6 : 1 CH, OCH,
B-7 CHj 1 CH, OCH;

ol
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TABLE 6 TABLE 6-continued
Structure
Structure Number Arl, AP iLiP TLT? ALA?
Number Ar', AP L2 TLT2 AL A?
B-14 CH; 1 CH,CH, OCH;

B-8 H:C  CHz 1 CH, OCH,

§

CH;

B-9 1 CH,  OCHj TABLE 7

Structure
Number Arl, AP iLiE TLT? ALA?

—QN B-15 1 CH,CH, OCH,
@ ~®—cmcm

B-16 1 CH,CH, OCH,
CH,CH,CH;
B-10 1 CH, OCH,
CH3 B-17 . . 1 CH,CH, OCH,

H;C
B-18 1 CH,CH, OCH,
) )
B-11 1 CH,CH, OCH,
@ H3C
B-19 1 CH,CH, OCH,
B-12 1 CH,CH, OCH; "
CH;
B-20 / \ 1 CH,CH, OCH,
S
B-13 CH; 1 CHCH, OCH, B-21 ! ' 1 CH,CH, OCH,
TABLE 8
Structure
Number Arl, AP iLiZ TLT? ALA?
B-22 H;C  CHj 1 CH,CH, OCH,

§
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TABLE 8-continued

Structure
Number Arl, AP LiP TLT? ALA?

B-23 Q 1 CH,CH, OCH,
>: N

B-24 O 1 CH,CH, OCH,
: N

B-25 1 CH,CH, OCH,

B-26 1 CH,CH, OCH,

=

CH;

S
B-27 I S I 1 CH,CH, OCH,
B-28 Q 1 CH,CH, OCH,
b
B-29 H;CH,CH,C  CH,CH,CH; 1 CH,CH, OCH,

§
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[0089] Here, firstly, a method of synthesizing the charge-
transporting monomer represented by formula (VI) will be
described. Hereinafter, a method of synthesizing charge-
transporting monomers will be exemplified, but is not limited
thereto.

[0090] Examples of a method of synthesizing the charge-
transporting monomer (benzothiadiazole compound) repre-
sented by formula (VI) include a method in which the cross
coupling biaryl synthesis is used. Specific examples of the
cross coupling biaryl synthesis include Suzuki reaction,
Kharasch reaction, Negishi reaction, Stille reaction, Grignard
reaction, Ullmann reaction, and the like.

[0091] Specific examples of the method of synthesizing the
charge-transporting monomer represented by formula (VI)
include a synthesizing method by the cross coupling reaction
between the compound represented by formula (VII') and the
compound represented by formula (VIII') as shown in the
following formulas, but are not limited thereto.
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&)

XI)

8 N

(VIIT')

Metal, Metal Catalyst,

A2—C—T

|
o

(VIT)

AZ—C—T)

[0092] In formula (VII') and formula (VIII'), X and G rep-
resent a halogen atom, B(OH),, the substituent group repre-
sented by the following structural formula (X'), the substitu-
ent group represented by the following structural formula
(XT"), or the substituent group represented by the following
structural formula (XII"). In addition, A%, T, j, and Ar in
formula (VII') and formula (IX") are the same as A%, j2, and
Ar? in formula (VI), respectively.

[0093] Inaddition, metal, a metal complex catalyst, a base,
a solvent, and the like may be used according to necessity
during the reaction.

Base, Solvent

/ \

Ar
O /
N

(T-);—ﬁ—AZ

IX)

-continued
(XII')

[0094] Examples of the metal include Pd, Cu, Ti, Sn, Ni, Pt,
and the like.
[0095] Examples of the metal complex include tetrakis

(triphenylphosphine)palladium (O), palladium (II) acetate,
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tris(dibenzylideneacetone)dipalladium  (O),  bis(triph-
enylphosphine)palladium (II) dichloride, 1,1'-bis(diphe-
nylphosphine)ferrocene-palladium (II) dichloride-dichlo-
romethane complex, Pd/C, nickel (II) acetylacetonate, and
the like.

[0096] Examples of the base include inorganic bases, such
as Na,CO;, K,CO,, Cs,CO,, and Ba(OH),, and organic
bases, such as NEt;, NH(i-Pr),, NHEt,, NHMe,, NMe;, 1,
8-diazabicyclo[5.4.0]-7-undecene,  4-dimethylaminopyri-
dine, pyridine, and the like.

[0097] Any solvent may be used as long as the coupling
reaction is not inhibited, and specific examples of the solvent
include aromatic hydrocarbon solvents, such as benzene,
toluene, xylene, and mesitylene, ether solvents, such as
diethyl ether, tetrahydrofuran, and dioxane, acetonitrile, dim-
ethylformamide, dimethyl sulfoxide, methanol, ethanol, iso-
propyl alcohol, water, and the like.

[0098] Inaddition, PPh,, P(o-Tol);, P(t-Bu),, Pets, and the
like may be used according to necessity during the reaction.
[0099] The reaction may be carried out, for example, at
normal pressure under an environment of an inert gas, such as
nitrogen and argon, but may be carried out under a pressur-
ized condition.

[0100] Examples ofthe reaction temperature in the reaction
include a range of 20° C. to 300° C., but may be a range of 50°
C. to 180° C. The reaction time varies with the reaction
conditions; however, for example, a range of 5 minutes to 20
hours may be selected.

[0101] The used amount of the metal or the metal complex
catalyst is not particularly limited, but is, for example, in a
range 0f0.001 mole to 10 moles, and may be in arange 0£0.01
mole to 5.0 moles with respect to one mole of the compound
represented by formula (VII).

[0102] Theused amountofthebaseisinarangeof 0.5 mole
to 4.0 moles, and may be in a range of 1.0 mole to 2.5 moles
with respect to one mole of the compound represented by
formula (VIT').

[0103] Afterthe reaction, for example, the reaction solution
is injected in water and stirred, and a crude product is obtained
through suction filtration when the reaction product is crystal.
When the reaction product is an oily substance, for example,
a crude product is obtained by performing extraction using a
solvent, such as ethyl acetate or toluene. The crude product
obtained in the above manner may be column-purified using,
for example, silica gel, alumina, activated white earth, acti-
vated coal, or the like, or purified by carrying out a treatment,
in which these absorbents are added to the solution so as to
absorb unnecessary portions, or the like, and, furthermore,
when the reaction product is crystal, the crude product may be
purified by performing recrystallization from the solvent,
such as hexane, methanol, acetone, ethanol, ethyl acetate, and
toluene.

[0104] However, the synthesizing method in the exemplary
embodiment is not limited thereto.

[0105] The charge-transporting polyester represented by
formula () is synthesized by polymerizing the charge-trans-
porting monomer obtained in the above manner, which is
represented by formula (VI), by a well-known method.
[0106] Specific examples include a method in which a sub-
stituent group as described below is introduced to the end of
the charge-transporting monomer (that is, A' and A® in for-
mula (VI)), and the following synthesizing methods.
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[0107] 1)WhenA' and A* Each is a Hydroxyl Group
[0108] The same amounts (mass ratio) of the compound
represented by formula (VI) and a divalent alcohol repre-
sented by HO— (Y'—O0),,,—H are mixed, and the mixture is
polymerized usin% an acid catalyst. Meanwhile, Y' and m1
are the same as Y~ and m1 in formula (I).

[0109] A catalyst that is normally used in the esterification
reaction, such as sulfuric acid, toluenesulfonic acid, and tri-
fluoroacetic acid, is used as the acid catalyst, and is used, for
example, in a range of 1/10,000 part by mass to 1/10 part by
mass, and may be used in a range of 1/1,000 part by mass to
1/50 part by mass with respect to one part by mass of the
monomer (that is, the compound represented by formula
(VD).

[0110] For example, an azeotropic solvent of water is used
to remove water generated during the polymerization, and
specific examples of the effective solvents include toluene,
chlorobenzene, 1-chlronaphthalene, and the like. The solvent
is used, for example, in a range of one part by mass to 100
parts by mass, and may be used in a range of 2 parts by mass
to 50 parts by mass with respect to one part by mass of the
monomer.

[0111] The reaction temperature is set according to the
conditions, but the reaction may be induced at the boiling
point of the solvent to remove water generated during the
polymerization.

[0112] After the completion of the reaction, the mixture is
dissolved in a dissolution solvent when the solvent is not
used. When the solvent is used, the droplets of the reaction
solution are dropped as it is to a poor solvent in which poly-
mers are not easily dissolved, such as alcohols, such as metha-
nol and ethanol, acetone, and the like, polyester is precipi-
tated, separated, washed using water or an organic solvent,
and dried.

[0113] Furthermore, a re-precipitation treatment, in which
the mixture is dissolved in an appropriate organic solvent, and
the droplets of the resulting solution are dropped into a poor
solvent, thereby precipitating polyester, may be repeated if
necessary. The re-precipitation treatment may be carried out
in conjunction with efficient stirring using a mechanical stir-
rer or the like. The solvent in which the polyester is dissolved
during the re-precipitation treatment is used, for example, in
arange of one part by mass to 100 parts by mass, and may be
used in a range of 2 parts by mass to 50 parts by mass with
respect to one part by mass of the polyester. In addition, the
poor solvent is used, for example, in a range of one part by
mass to 1,000 parts by mass, and may be used in a range of 10
parts by mass to 500 parts by mass with respect to one part by
mass of the polyester.

[0114] 2) When A' and A Each is a Halogen Atom
[0115] The same amounts (mass ratio) of the compound
represented by formula (VI) and a divalent alcohol repre-
sented by HO— (Y'—O0),,,—H are mixed, and the mixture is
polymerized using an organic basic catalyst, such as pyridine
and triethylamine. Meanwhile, Y* and m1 are the same as Y*
and m1 in formula (I).

[0116] The organic basic solvent is used, for example, in a
range of one part by mass to 10 parts by mass, and may be
used in a range of 2 parts by mass to 5 parts by mass with
respect to one part by mass of monomer.

[0117] Examples ofthe effective solvent include methylene
chloride, tetrahydrofuran (THF), toluene, chlorobenzene,
1-chloronaphthalene, and the like, and is used, for example, in
arange of one part by mass to 100 parts by mass, and may be
used in a range of 2 parts by mass to 50 parts by mass with
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respect to one part by mass of the monomer (that is, the
compound represented by formula (VI)).

[0118] The reaction temperature is set according to the
conditions. After the polymerization, the re-precipitation
treatment is carried out as described above, and the polymer
is purified.

[0119] The interfacial polymerization method may be used
when a divalent alcohol having a high acidity, such as bisphe-
nol, is used. That is, after a divalent alcohol is added to water,
the same amount (mass ratio) of base is added and dissolved,
and the divalent alcohol and the same amount of monomer
solution are added in conjunction with intensive stirring,
thereby performing polymerization. At this time, water is
used, for example, in a range of one part by mass to 1,000
parts by mass, and may be used in a range of 2 parts by mass
to 500 parts by mass with respect to one part by mass of the
divalent alcohol. Examples of the effective solvents that dis-
solve the monomer include methylene chloride, dichloroet-
hane, trichloroethane, toluene, chlorobenzene, 1-chloronaph-
thalene, and the like.

H—(—O—YI}—O—C—QTI

[0120] The reaction temperature is set according to the
conditions, and use of a phase-transfer catalyst, such as
ammonium salts and sulfonium salts, is effective in acceler-
ating the reaction. The phase-transfer catalyst is used, for
example, in a range of 0.1 part by mass to 10 parts by mass,
and may be used in a range of 0.2 part by mass to 5 parts by
mass with respect to one part by mass of the monomer.
[0121] 3)WhenA® and A® Each is —O—R’

[0122] A divalent alcohol represented by HO— (Y'—O)
1—H 1s excessively added to the compound represented by
formula (VI), the mixture is heated using an inorganic acid,
such as sulfuric acid and phosphoric acid, an acetate salt, such
as titanium alkoxide, calcium, and cobalt, carbonate, or an
oxide of zinc or lead as a catalyst, and the charge-transporting
polyester is polymerized by transesterification. Meanwhile,
Y' and m1 are the same as Y' and m1 in formula (D).

[0123] Thedivalent alcohol is used, for example, in a range
of 2 parts by mass to 100 parts by mass, and may be used in a
range of 3 parts by mass to 50 parts by mass with respect to
one part by mass of the monomer (the compound represented
by formula (VI)).

[0124] The catalyst is used, for example, in a range of
1/10,000 part by mass to one part by mass, and may be used
in a range of 1/1,000 part by mass to 1/2 part by mass with
respect to one part by mass of the monomer.
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[0125] The reaction is carried out at a reaction temperature
of 200° C. to 300° C., and, after the transesterification from
—0—R’to —O—(Y'—0),,,—H s finished, the reaction is
carried out, for example, under a reduced pressure to accel-
erate the polymerization by the desorption of HO— (Y'—O)
1—H. In addition, the reaction may be carried out in con-
junction with azeotropic removal of HO— (Y'—0), ,—
under a normal pressure using a solvent having a high boiling
point, such as 1-chloronaphthalene, which is an azeotropic
substance of HO— (Y'—0),,,—]

[0126] In addition, the polyester may be synthesized in the
following manner.

[0127] In each of the cases of 1) to 3), after a divalent
alcohol is excessively added and reacted so as to generated the
compound represented by formula (XIV), the compound is
used instead of the monomer represented by formula (VI) so
as to make a divalent carboxylic acid, a divalent halide car-
bonate and the like react, thereby obtaining polyester repre-
sented by formula (I).

(XIV)
Ar] Arz

80

[ \(‘Tl)ﬂ—ﬁ—o—eYZ—o);H

[0128] Ar', Ar’, X, T%, T, j1 and j2 in formula (XIV) are
the same as Ar', Ar?, X, T*, T, j1 and j2 in formula (II), and
Y!, Y2 ml and m2 are the same as Y!, Y2, m1 and m2 in
formula (I).

[0129] Meanwhile, among the synthesizing methods of the
1) to 3), use of the synthesizing method 1) facilitates the
manufacture of the charge-transporting polyester in the
exemplary embodiment.

[0130] Here, the specific examples of the charge-transport-
ing polyester represented by formula (I) are shown in Tables
9 to 15, but the charge-transporting polyester in the exem-
plary embodiment is not limited to the specific examples.
Further, the numeric values in the column of “A"” in the
examples of monomers (the column of the “structure of A in
formula (I)”) correspond to the structural numbers of the
specific examples of the structure represented by formula (1)
(the “structural numbers” of the charge-transporting mono-
mers in Tables 1 to 8).

[0131] Hereinafter, for each of the specific examples of the
charge-transporting polyester to which the compound num-
bers (polymer numbers) are attached in the following tables,
for example, the specific example whose attached number is
‘A-15" will be referred to as the “Exemplary Compound
(A-15).” Inaddition, “Y* and Y?”, “m1 and m2”, and “R" and
R?” shown in formula (I) are the same respectively in each of
the specific examples of the charge-transporting polyester
shown in the following tables.
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TABLE 9
Structure of
Polymer ‘Al in the ml, Rl,
Number General Formula (1) Y, v? m2 R? p
A-1 1 —tCH,y5~ 1 H 65
A-2 1 —¢CH,9% 1 H 75
A-3 1 1 H 45
CH,
A-4 1 1 H 38
CH,
A-S 1 1 H 49
—CH,
CH,—
A6 4 —¢CHy5 1 H 81
A-7 4 : : 1 H el
A-8 4 1 H 59
CH,
A9 4 1 H 87
A-10 5 —¢CH,95~ 1 H 80
TABLE 10 TABLE 10-continued
Structure of Structure of
‘Al”in the ‘Al in the
Polymer General ml, R', Polymer General ml, R',
Number  Formula (1) Y y? m2 R? p Number  Formula (1) Y, v? m2 R? »p
A-11 6 —CH, ¥ 1 H 74 A-16 12 —¢CH 1 H 52
A-12 8 —€CHy 95 1 H 67 A-17 13 —(CHy 35 1 H 66
A-13 9 1 H 4 A-18 14 —¢CHy 35~ 1 H 55
A-19 14 1 H 62
A4 10 —CHy 1 H 7 CH
A-15 10 —CHy 1 H 49 CH,—
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TABLE 11
Structure of
Polymer ‘Al in the ml, R!,
Number General Formula (1) Y, v? m2 R? p
A-20 15 —¢CH,95 1 H 49
A-21 15 : : / 1 H 54
A-22 19 —¢CHy 9% 1 H 57
A-23 23 —¢CHy 95 1 H 83

A-24 23 : : 1 H 82
A-25 24 1 H 31
CH,

A-26 25 —CHy5 1 H 6l
A-27 26 —tCH,¥5~ 1 H 78
A-28 30 —tCHy95 1 H 75
TABLE 12 TABLE 12-continued
Structure of Stnll?t:-ure of
Alinthe Pol. AG e 3116 1, R!
1 olymer ener: ml, s
Polymer General ml, R, Number  Formula (1) Y, v? m2  R? p
Number  Formula (1) Y, v? m2 R? P
A-32 35 1 H 43
A-29 32 —¢CHy 95 1 H 64
A-30 32 1 H 57
—tCHy %~ A-33 37 —CHy35 1 H 58
A-31 33 —CHy ¥ 1 H 62 A-34 38 —CCH 95 1 H 61
TABLE 13
Structure of
Polymer ‘A" in the ml, RY,
Number General Formula (1) Y, v? m2 R? p
B-1 1 —tCH ¥ 1 H 38
B-2 1 —tCHyy¢ 1 H 36
B-3 2 1 H 48
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TABLE 13-continued
Structure of

Polymer ‘A" in the ml, RY,

Number General Formula (1) Y, y? m2 R? »p
B-4 3 —¢CH, 95 1 H 56
B-5 4 —+CH,¥5 1 H 47
B-6 4 1 H 37

CH,
B-7 6 —€CH, 3% 1 H 48
B-8 8 1 H 42
—CH,
CH,—
B-9 9 —CHy ¥ 1 H 34
B-10 11 —CH, 95 1 H 58
TABLE 14
Structure of

Polymer ‘Al in the ml, RY,

Number General Formula (1) Y, y? m2 R? P
B-11 11 1 H 68
B-12 11 —Cl, 3 1 58

—0C
B-13 4 1 H 71
B-14 12 —tCHy 35~ 1 H 72
B-15 13 —Cl, 35 1 H 46
B-16 14 —tCH, 5 1 H 62
B-17 14 1 H 48
B-18 14 —Cl, 1 H 45
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TABLE 14-continued
Structure of
Polymer ‘Al in the ml, R
Number General Formula (1) Y, v? m2 R? P
B-19 19 —¢CHy3 1 H 48
B-20 20 —¢CHy95 1 H 63
TABLE 15
Structure of
Polymer ‘Al in the ml, R,
Number General Formula (1) Y, y? m2 R? p
B-21 20 1 H 53
—CH,
CH,—
B-22 21 —¢CHy95 1 H 63
B-23 22 C / 1 H 51
B-24 22 —CHy 9% 1 H 53
B-25 22 —CH, 95 1 H 59
B-26 23 1 H 78
B-27 24 1 H 62
B-28 25 —¢CH, 95 1 H 4
B-29 26 —¢CHy95 1 H 48
B-30 29 —¢CH, 95 1 H 65
[0132] Next, the configuration of the organic electrolumi- emitting layer having a charge-transporting function, and the

nescence element of the exemplary embodiment will be
described in detail.

[0133] The layer configuration is not particularly limited as
long as the organic electroluminescence element of the exem-
plary embodiment is composed of a pair of electrodes, at least
one of which is transparent or semitransparent, and one or
plural organic compound layers that are sandwiched between
the electrodes, in which at least one layer of the organic
compound layers contains one of the charge-transporting
polyesters as described above.

[0134] When the organic electroluminescence element of
the exemplary embodiment includes a single-layer organic
compound layer, the organic compound layer means a light-

light-emitting layer contains the charge-transporting polyes-
ter. On the other hand, when the organic compound layers
include plural layers (that is, when the organic compound
layers are function-separated layers having different func-
tions in the respective layers), at least one layer composes a
light-emitting layer, and the light-emitting layer may be a
light-emitting layer having a charge-transporting function. In
this case, specific examples of the layer configurations com-
posed of the light-emitting layer or a light-emitting layer
having the charge-transporting function and other layers
include the following (1) to (3).

[0135] (1) A layer configuration composed of a light-emit-
ting layer and a layer that functions at least any of a charge-
transporting layer and a charge-injecting layer
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[0136] (2) A layer configuration composed of a light-emit-
ting layer, a layer which is at least any of a hole-transporting
layer and a hole-injecting layer, a layer which is at least any of
an electron-transporting layer and an electron-injecting layer
[0137] (3) A layer configuration formed of a light-emitting
layer and a layer which is any of a hole-transporting layer and
a hole-injecting layer

[0138] Layers other than the light-emitting layer and the
light-emitting layer having a charge-transporting function in
the layer configuration (1) to (3) have a function of a charge-
transporting layer or a charge-injecting layer.

[0139] Meanwhile, any layer in any of the layer configura-
tions (1) to (3) may include the charge-transporting polyester.
[0140] In addition, in the organic electroluminescence ele-
ment of the exemplary embodiment, the light-emitting layer,
the hole-transporting layer, the hole-injecting layer, the elec-
tron-transporting layer, and the electron-injecting layer may
further include charge-transporting compounds other than the
charge-transporting polyester (hole-transporting materials
and electron-transporting materials). The details of the
charge-transporting compounds will be described below.
[0141] Hereinafter, the organic electroluminescence ele-
ment of the exemplary embodiment will be described in more
detail with reference to figures, but is not limited thereto.
[0142] FIGS. 1 to 4 are schematic cross-sectional views for
explaining the layer configuration of the electroluminescence
element of the exemplary embodiment, FIGS. 1 to 3 show
examples when the organic compound layers include plural
layers, and FIG. 4 shows an example when the organic com-
pound layer includes a single layer. Meanwhile, the portions
having the same function are given the same reference num-
ber in FIGS. 1 to 4.

[0143] The organic electroluminescence element shown in
FIG. 1 has a transparent electrode 2, a light-emitting layer 4,
at least one layer 5 of an electron-transporting layer and an
electron-injecting layer, and a rear surface electrode 7
sequentially laminated on a transparent insulator substrate 1,
and thus corresponds to the layer structure (1). However,
when the layer represented by the reference number 5 is
composed of an electron-transporting layer and an electron-
injecting layer, the electron-transporting layer, the electron-
injecting layer, and the rear surface electrode 7 are laminated
in this order on the rear surface electrode 7 side of the light-
emitting layer 4.

[0144] The organic electroluminescence element shown in
FIG. 2 has the transparent electrode 2, at least one layer 3 of
a hole-transporting layer and a hole-injecting layer, the light-
emitting layer 4, at least one layer 5 of the electron-transport-
ing layer and the electron-injecting layer, and the rear surface
electrode 7 sequentially laminated on the transparent insula-
tor substrate 1, and thus corresponds to the layer structure (2).
However, when the layer represented by the reference number
3 is composed of a hole-transporting layer and a hole-inject-
ing layer, the hole-injecting layer, the hole-transporting layer,
and the light-emitting layer 4 are laminated in this order on
the rear surface electrode 7 side of the transparent electrode 2.
In addition, when the layer represented by the reference num-
ber 5 is composed of an electron-transporting layer and an
electron-injecting layer, the electron-transporting layer, the
electron-injecting layer, and the rear surface electrode 7 are
laminated in this order on the rear surface electrode 7 side of
the light-emitting layer 4.

[0145] The organic electroluminescence element shown in
FIG. 3 has the transparent electrode 2, at least one layer 3 of
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a hole-transporting layer and a hole-injecting layer, the light-
emitting layer 4, and the rear surface electrode 7 sequentially
laminated on the transparent insulator substrate 1, and thus
corresponds to the layer structure (3). However, when the
layer represented by the reference number 3 is composed of a
hole-transporting layer and a hole-injecting layer, the hole-
injecting layer, the hole-transporting layer, and the light-
emitting layer 4 are laminated in this order on the rear surface
electrode 7 side of the transparent electrode 2.

[0146] The organic electroluminescence element shown in
FIG. 4 has the transparent electrode 2, a light-emitting layer 6
having a charge-transporting function, and the rear surface
electrode 7 sequentially laminated on the transparent insula-
tor substrate 1.

[0147] In addition, when the organic electroluminescence
element employs a top emission structure or a permeable type
in which a transparent electrode is used for both the negative
electrode and the positive electrode, furthermore, a structure
in which the layer structures of FIGS. 1 to 4 are stacked plural
times is realized as well.

[0148] Hereinafter, each of the above will be described in
detail.
[0149] The charge-transporting polyester in the exemplary

embodiment is supplied with any of a hole-transporting func-
tion and a charge-transporting function according to the func-
tion of the included organic compound layer.

[0150] Forexample, the charge-transporting polyester may
be included in the light-emitting layer 4, and any of at least
one layer 5 of the electron-transporting layer and the electron-
injecting layer, and act as both the light-emitting layer 4, and
at least one layer 5 of the electron-transporting layer and the
electron-injecting layer in the case of the layer structure of the
organic electroluminescence element shown in FIG. 1. In
addition, the charge-transporting polyester may be included
in any of at least one layer 3 of the hole-transporting layer and
the hole-injecting layer, the light-emitting layer 4, and any of
at least one layer 5 of the electron-transporting layer and the
electron-injecting layer, and act as any of at least one layer 3
of'the hole-transporting layer and the hole-injecting layer, the
light-emitting layer 4, and at least one layer 5 of the electron-
transporting layer and the electron-injecting layer in the case
of'the layer structure of the organic electroluminescence ele-
ment shown in FIG. 2. In addition, the charge-transporting
polyester may be included in any of at least one layer 3 of the
hole-transporting layer and the hole-injecting layer, and the
light-emitting layer 4, and act as both at least one layer 3 of the
hole-transporting layer and the hole-injecting layer, and the
light-emitting layer 4 in the case of the layer structure of the
organic electroluminescence element shown in FIG. 3. Fur-
thermore, the charge-transporting polyester may be included
in the light-emitting layer 6 having a charge-transporting
function, and act as the light-emitting layer 6 having a charge-
transporting function in the case of the layer structure of the
organic electroluminescence element shown in FIG. 4.
[0151] In the case of the layer structures of the organic
electroluminescence element shown in FIGS. 1 to 4, the mate-
rial for the transparent insulator substrate 1 to allow emitted
light to pass may be transparent, and includes glass, plastic
films, and the like, but is not limited thereto. Meanwhile,
‘transparent’ means that the permeability of light in the vis-
ible light range is 10% or higher, and may be 75% or higher.
Hereinafter, the same thing applies.

[0152] In addition, the transparent electrode 2 is transpar-
ent or semitransparent to allow emitted light to pass in accor-
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dance with the transparent insulator substrate, and an elec-
trode having a large work function may be used to inject
holes, and examples thereof include an electrode having a
work function of 4 eV or higher. The ‘semitransparent’ means
that the permeability of light in the visible light range is 70%
or higher, and may be 80% or higher. Hereinafter, the same
thing applies.

[0153] Specific examples thereof include oxidized films,
such as indium tin oxide (ITO), tin oxide (NESA), indium
oxide, and zinc oxide, deposited or sputtered gold, platinum,
palladium, and the like, but are not limited thereto. The sheet
resistance of the electrode becomes better as the resistance
lowers, and may be several hundreds Q/[] or lower and,
furthermore, 100€2/(0 or lower. In addition, the permeability
of light in the visible light range is 10% or higher, and,
furthermore, may be 75% or higher in accordance with the
transparent insulator substrate.

[0154] In the case of the layer structures of the organic
electroluminescence element shown in FIGS. 1 to 3, the elec-
tron-transporting layer, the hole-transporting layer, or the like
may be formed singularly of the charge-transporting polyes-
ter to which functions (the electron-transporting function and
the hole-transporting function) are supplied according to pur-
pose; however, for example, the electron-transporting layer,
the hole-transporting layer, or the like may be formed by
mixing and dispersing a hole-transporting material other than
the charge-transporting polyester in a range of 0.1% by mass
to 50% by mass with respect to the entire materials compos-
ing the layers in order to adjust hole mobility.

[0155] Examples of the hole-transporting material include
tetraphenylene diamine derivatives, triphenylamine deriva-
tives, carbazole derivatives, stilbene derivatives, spirofluo-
rene derivatives, arylhydrazone deviates, porphyrin-based
compounds, and, among the above, examples of the hole-
transporting material having a good compatibility with the
charge-transporting  polyester include tetraphenylene
diamine derivatives, spirofluorene derivatives, and tripheny-
lamine derivatives.

[0156] In addition, the electron-transporting layer, the
hole-transporting layer, or the like may be formed by mixing
and dispersing an electron-transporting material in a range of
0.1% by mass to 50% by mass with respect to the entire
materials composing the layers when hole mobility is
adjusted.

[0157] Examples of the electron-transporting material
include oxadiazole derivatives, nitro-substituted fluorine
derivatives, diphenoquinone derivatives, thiopyran dioxide
derivatives, cyrol derivatives, chelate-type organic metal
complexes, polynuclear or condensed aromatic ring com-
pounds, perylene derivatives, triazole derivatives, fluore-
nylidene methane derivatives, and the like.

[0158] In addition, when it is necessary to adjust both hole
mobility and electron mobility, both the hole-transporting
material and the electron-transporting material may be mixed
together in the charge-transporting polyester.

[0159] Furthermore, appropriate resins (polymers) and
additives may be added to improve film-forming properties,
prevent pinholes, and the like. Specific examples of the resins
that may be used include conductive resins, such as polycar-
bonate resins, polyester resins, methacryl resins, acryl resins,
polyvinyl chloride resins, cellulose resins, urethane resins,
epoxy resins, polystyrene resins, polyvinyl acetate resins,
styrene butadiene copolymers, vinylidene chloride-acryloni-
trile copolymers, vinyl chloride-vinyl acetate-anhydrous
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maleic acid copolymers, silicone resins, poly-N-vinyl carba-
zole resins, polysilane resins, polythiophen, and polypyrrole.
[0160] Here, the ‘conductive’ means that, for example, the
volume resistivity is in a range of 1.0x10° Q-cm or less, and
the same applies hereinafter. In addition, examples of the
additives that may be used include well-known oxidation
inhibitors, ultraviolet absorbers, plasticizers, and the like.

[0161] Inaddition, there are cases in which a hole-injecting
layer or an electron-injecting layer is used when charge-
injecting properties are improved, and examples of the hole-
injecting material that may be used include triphenylamine
derivatives, phenylenediamine derivatives, phthalocyanine
derivatives, indanthrene derivatives, polyalkylene diox-
ythiophene derivatives, and the like. In addition, Lewis acid,
sulfuric acid, or the like may be mixed with the hole-injecting
material. Examples of the electron-injecting materials
include metals, such as Li, Ca, Ba, Sr, Ag, and Au, metal
fluorides, such as LiF and MgF, metal oxides, such as MgO,
Al,O;, and LiO.

[0162] In addition, when the charge-transporting polyester
is used for functions other than the light-emitting function, a
light-emitting compound is used as a light-emitting material.
Examples of the light-emitting material that may be used
include compounds showing a high luminescent quantum
efficiency in a solid state. The light-emitting material may be
either a low-molecular compound or a high-molecular com-
pound, and specific examples of the light-emitting material
include chelate-type organic metal complexes, polynuclear or
condensed aromatic ring compounds, perylene derivatives,
coumarin derivatives, styrylarylene derivatives, cyrol deriva-
tives, oxazole derivatives, oxathiazole derivatives, oxadiazole
derivatives, and the like when the light-emitting material is an
organic low molecule, and include polyparaphenylene
derivatives, polyparaphenylene vinylene derivatives, poly-
thiophen derivatives, polyacetylene derivatives, and the like
when the light-emitting material is a high molecule. Specific
examples include compounds of the following compounds
(XV-1) to (XV-17), but are not limited thereto.

XV-1)

(XV-2)
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-continued

XV-17)

[0163] Meanwhile,V in the above structural formulas (XV-
13) to (XV-17) represents the same divalent organic group as
the above Y', and n and g each independently represents an
integer of 1 or higher.

[0164] In addition, a pigment compound that is different
from the light-emitting material may be doped in the light-
emitting material or the charge-transporting polyester as a
guest material for the purpose of improvement in the durabil-
ity of the organic electroluminescence element or improve-
ment in luminance efficiency. The fraction of the pigment
compound to be doped is 0.001% by mass to 40% by mass of
the target layer, and may be 0.01% by mass to 10% by mass.
Examples of the pigment compounds that may be used for
doping include organic compounds that have a favorable
compatibility with the light-emitting material and do not
hinder the formation of a favorable thin film of the light-
emitting layer, and specific examples thereof include cou-
marin derivatives, DCM derivatives, quinacridone deriva-
tives, perimidone derivatives, benzopyran derivatives,
rhodamine derivatives, benzothioxanthen derivatives,
rubrene derivatives, porphyrin derivatives, compounds of
metal complex, such as ruthenium, rhodium, palladium, sil-
ver, rthenium, osmium, iridium, platinum, and gold.

[0165] Specific examples of the pigment compounds
include compounds of the following compounds (XVI-1) to
(XVI-6), but are not limited thereto.

(XVI1)
NC CN
| cr
H;C 0 c=¢C N
H H
CH;
(XVI-2)
0
u
N
N
H
0

24
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-continued
(XVI-3)

(XVI-4)

(XVI-5)

(XVI-6)

—3

[0166] Inaddition, the light-emitting layer 4 may be formed
singularly of the light-emitting material, but may be formed
by mixing and dispersing the charge-transporting polyester in
the light-emitting material in a range of 1% by mass to 50%
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by mass for the purpose of further improving electrical char-
acteristics and light-emitting characteristics.

[0167] Alternately, the light-emitting layer 4 may be
formed by mixing and dispersing a charge-transporting mate-
rial other than the charge-transporting polyester in the light-
emitting material in a range of 1% by mass to 50% by mass.
In addition, when the charge-transporting polyester also has
light-emitting characteristics, the polyester may be used as a
light-emitting material, and, in this case, the light-emitting
layer 4 may be formed by mixing and dispersing the charge-
transporting material other than the charge-transporting poly-
ester in a range of 1% by mass to 50% by mass for the purpose
of further improving electrical characteristics and light-emit-
ting characteristics.

[0168] Inthe case of the layer configuration of the organic
electroluminescence element shown in FIG. 4, the light-emit-
ting layer 6 having a charge-transporting function is an
organic compound layer in which 50% by mass or less of a
light-emitting material (specifically, for example, at least one
selected from the light-emitting materials (XV-1) to (XV-17))
is dispersed in the charge-transporting polyester to which a
function (a hole-transporting function or an electron-trans-
porting function) is supplied according to purpose, but a
charge-transporting material other than the charge-transport-
ing polyester may be dispersed at 10% by mass to 50% by
mass to adjust the balance between holes and electrons which
are injected to the organic electroluminescence element.
[0169] Examples of electron-transporting materials as the
charge-transporting materials when electron mobility is
adjusted include oxadiazole derivatives, nitro-substituted
fluorine derivatives, diphenoquinone derivatives, thiopyran
dioxide derivatives, fluorenylidene methane derivatives, and
the like.

[0170] Inthe case of the layer configuration of the organic
electroluminescence element shown in FIGS. 1 to 4, metal,
metal oxides, metal fluorides, and the like which are vacuum-
deposited and have a small work function for electron injec-
tion are used for the rear surface electrode 7. Examples of the
metal include magnesium, aluminum, gold, silver, indium,
lithium, calcium, and alloys thereof. Examples of the metal
oxides include lithium oxide, magnesium oxide, aluminum
oxide, indium tin oxide, tin oxide, indium oxide, zinc oxide,
indium zinc oxide, and the like. In addition, examples of the
metal fluoride include lithium fluoride, magnesium fluoride,
strontium fluoride, calcium fluoride, and aluminum fluoride.
[0171] In addition, a protective layer may be further pro-
vided on the rear surface electrode 7 in order to prevent the
element from being degraded by moisture or oxygen. Specific
examples of materials for the protective layer include metals,
such as In, Sn, Pb, Au, Cu, Ag, and Al, metal oxides, such as
MgO, SiO,, and TiO,, resins, such as polyethylene resins,
polyurea resins, and polyimide resins, and the like. The
vacuum deposition method, the sputtering method, the
plasma polymerization method, the CVD method, and the
coating method are applied to the formation of the protective
layer.

[0172] The organic electroluminescence elements shown
in FIGS. 1 to 4 are manufactured by, firstly, sequentially
forming each of the layers on the transparent electrode 2
according to the layer configuration of each of the organic
electroluminescence elements. Meanwhile, at least one layer
3 of the hole-transporting layer and the hole-injecting layer,
the light-emitting layer 4, at least one layer 5 of the electron-
transporting layer and the electron-injecting layer, or the
light-emitting layer 6 having a charge-transporting function
are formed by depositing each of the materials using the
vacuum deposition method, or by dissolving or dispersing
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each of the materials in an appropriate organic solvent, and
depositing the obtained coating solution on the transparent
electrode using the spin coating method, the casting method,
the dip method, the ink jet method, or the like.

[0173] The film thicknesses of at least one layer 3 of the
hole-transporting layer and the hole-injecting layer, the light-
emitting layer 4, at least one layer 5 of the electron-transport-
ing layer and the electron-injecting layer, or the light-emitting
layer 6 having a charge-transporting function are 10 um or
smaller, respectively, and, particularly, in a range 0f 0.001 um
to 5 um. The dispersion state of each of the materials (the
nonconjugated high molecules, light-emitting materials, and
the like) may be any of a molecular dispersion state and a
particle state, such as fine crystals. In the case of the film
forming method in which a coating solution is used, it is
necessary to select the dispersion solvent for forming the
molecular dispersion state in consideration of the dispersibil-
ity and solubility of each of the materials. A ball mill, a sand
mill, a paint shaker, an attritor, a homogenizer, the ultrasonic
method, and the like are used to disperse the materials in a
molecular shape.

[0174] In addition, finally, in the case of the organic elec-
troluminescence elements shown in FIGS. 1 and 2, the
organic electroluminescence element of the exemplary
embodiment is obtained by forming the rear surface electrode
7 on at least one layer 5 of the electron-transporting layer and
the electron-injecting layer using the vacuum deposition
method, the sputtering method, or the like. In addition, the
organic electroluminescence element of the exemplary
embodiment is obtained by forming the rear surface electrode
7 on the light-emitting layer 4 in the case of the organic
electroluminescence element shown in FIG. 3, and on the
light-emitting layer 6 having a charge-transporting function
in the case of the organic electroluminescence element shown
in FIG. 4 using the vacuum deposition method, the sputtering
method, or the like.

[0175] <Display Medium>

[0176] The display medium of the exemplary embodiment
has the organic electroluminescence elements of the exem-
plary embodiment disposed in at least one of a matrix shape
and a segment shape. When the organic electroluminescence
elements are disposed in a matrix shape in the exemplary
embodiment, only the electrodes may be disposed in the
matrix shape, or both the electrode and the organic compound
layer may be disposed in the matrix shape. In addition, when
the organic electroluminescence elements is disposed in a
segment shape in the exemplary embodiment, only the elec-
trodes may be disposed in the segment shape, or both the
electrode and the organic compound layer may be disposed in
the segment shape.

[0177] Thematrix-shaped or segment-shaped organic com-
pound layer is easily formed using, for example, the ink jet
method as described above.

[0178] The well-known apparatuses and methods are used
as the driving apparatus and driving method of the display
medium composed of the organic electroluminescence ele-
ments disposed in a matrix shape and the organic electrolu-
minescence elements disposed in a segment shape.

EXAMPLES

[0179] Hereinafter, the invention will be described in more
detail with reference to the examples. However, each of the
examples does not limit the invention.
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[0180] <Synthesis of the Charge-Transporting Polyester>
Synthesis Example 1-1
Synthesis of Exemplary Compound (A-6)
[0181] Acetanilide (25.0 g), 4-iodo phenyl propionic acid

methyl (64.4 g), potassium carbonate (38.3 g), copper sulfate
pentahydrate (2.3 g), and n-tridecane (50 ml) are put into a
500 ml three neck flask, heated and stirred under a stream of
nitrogen at 230° C. for 20 hours. After the completion of the
reaction, a solution of potassium hydroxide (15.6 g) dissolved
in ethylene glycol (300 ml) is added, the resulting substance
is heated and refluxed under a stream of nitrogen for 3.5
hours, and then cooled to room temperature (25° C.). The
reaction solution is poured into one liter of distilled water and
neutralized by hydrochloric acid so that crystals are precipi-
tated. The crystals are taken by suction filtration, washed with
water, and then moved to a 1 L flask. Toluene (500 ml) is
added to the crystals, the resulting substance is heated and
refluxed, water is removed by azeotropic removal, a methanol
(300 ml) solution of concentrated sulfuric acid (1.5 ml) is
added, and the resulting substance is heated and refluxed
under a stream of nitrogen for 5 hours. After the reaction, the
product is extracted with toluene, and an organic phase is
washed with pure water. Next, after the organic phase is dried
with anhydrous sodium sulfate, the solvent is distilled away
under a reduced pressure, whereby 36.5 g of the following
DAA-1 is obtained by recrystallization from hexane.

Q NHAC )

I OCH;3 1) Cu cat.
2) KOH
Y 3) MeOH/H,S04
QNH OCH;
6}
DAA-1
[0182] Next, a mixed solution of iodobenzene (4.8 g), the

above DAA-1 (5.0 g), copper (II) sulfate pentahydrate (0.2 g),
potassium carbonate (1.3 g) and tridecane (10 ml) is stirred at
210° C. for 7 hours. After the completion of the reaction, a
solution of potassium hydroxide (15.6 g) dissolved in ethyl-
ene glycol (300 ml) is added, the resulting substance is heated
and refluxed under a stream of nitrogen for 3.5 hours, and then
cooled to room temperature (25° C.). The reaction solution is
poured into one liter of distilled water and neutralized by
hydrochloric acid so that crystals are precipitated. The crys-
tals are taken by suction filtration, washed with water, and
then moved to a 1 L flask. Toluene (500 ml) is added to the
crystals, the resulting substance is heated and refluxed, water
is removed by azeotropic removal, a methanol (300 ml) solu-
tion of concentrated sulfuric acid (1.5 ml) is added, and the
resulting substance is heated and refluxed under a stream of
nitrogen for 5 hours. The resulting substance is cooled to
room temperature (25° C.), and is filtered with celite by
adding toluene. The product obtained by washing with pure
water, extracting the organic phase, and distilling away the
organic solvent is separated by silica gel column chromate
(hexane 4:toluene 1), whereby 3.9 g of the following TAA-1
is obtained.
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NH OCH;
2) KOH

3) MeOH/
O H,S0,4

ATy
O

DAA-1

TAA-1

[0183] A mixed solution of the TAA-1 (3.0 g) and N,N-
dimethylformamide (100 ml) is put into a 500 ml three neck
flask, the droplets of phosphorus oxychloride (1.7 g) are
dropped, and then the resulting substance is heated to 80° C.
and stirred for 7 hours.

[0184] After cooling, the reaction solution is added to pure
water, and the precipitated crystals are taken by suction fil-
tration, whereby 2.4 g of formylated TAA-1 is obtained.

POCl;
N —
DMF

MeO,C
TAA-1
N4©7 CHO
MeO,C
Formaylated TAA-1
[0185] The formylated TAA-1 (1.6 g) and 2,5-diamino-1,

4-bensodithiol (0.5 g) are dissolved in m-xylene (10 ml) and
refluxed for 15 hours under a nitrogen environment. After
cooling, 30 ml of tetrahydrofuran (TFT) is added, and the
reaction solution is filtered. The resulting substance is puri-
fied with column chromatography (toluene:ethyl acetate=5:
1), whereby 0.6 g of a monomer compound (A-4) is obtained.
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NH,

HN
CHO

hous

MeO,C

Formylated TAA-1

‘oo
:
>

MeO,C

Monomer Compound (A-4)

[0186] 0.5 g of the obtained monomer compound (A-4) is
put into a 50 ml three neck recovery flask together with 10 ml
of ethylene glycol and 0.01 g of titanium tetrabutoxide,
heated and stirred under a nitrogen environment at 200° C. for
5 hours.

[0187] After confirming by TLC that the monomer com-
pound (A-4), which is a raw material, reacts and disappears,
the resulting substance is heated to 210° C. at a pressure
reduced to 50 Pa while ethylene glycol is distilled away, and
the reaction continues for 6 hours.

[0188] After that, the resulting substance is cooled to room
temperature (25° C.), and dissolved in 50 ml of tetrahydrofu-
ran. The insoluble substance is filtered with a 0.5 polytet-
rafluoroethylene (PTFE) filter, the filtrate is distilled away
under a reduced pressure, the resulting substance is dissolved
in 300 ml of monochlorobenzene, and washed with in the
order of 300 ml of 1 N—HC]I and 500 ml of water three times.
Up to 30 ml of the monochlorobenzene solution is distilled
away under a reduced pressure, the droplets are dropped in
800 ml of ethyl acetate/methanol=1/3, whereby the polymer
is reprecipitated.

[0189] After the obtained polymer is filtered and washed
with methanol, the polymer is vacuum-dried for 16 hours at
60° C., whereby 0.4 g of a polymer [the Exemplary Com-
pound (A-6)] is obtained.

[0190] As aresult of measuring the molecular weight of the
polymer using gel permeation chromatography (GPC)
(manufactured by Tosoh Corporation, HLC-8120GPC), the
weight-average molecular weight Mw=6.9x10? (styrene con-
version), Mw/Mn=1.95, and the degree of polymerization p

m-Xylene

o
2

CO,Me

obtained from the molecular weight of the low-molecular
compound (the monomer compound), which is a raw mate-
rial, is 81.

Synthesis Example 1-2
Synthesis of Exemplary Compound (A-23)

[0191] 4-(2-thienyl)acetanilide (30.0g), 4-iodo phenyl pro-
pionic acid methyl (28.5 g), potassium carbonate (13.6 g),
copper sulfate pentahydrate (2.0 g), and 1,2-dichlorobenzene
(50 ml) are put into a 500 ml three neck flask, heated and
stirred under a stream of nitrogen at 230° C. for 20 hours.
After the completion of the reaction, a solution of potassium
hydroxide (15.6 g) dissolved in ethylene glycol (300 ml) is
added, the resulting substance is heated and refluxed under a
stream of nitrogen for 3.5 hours, and then cooled to room
temperature (25° C.). The reaction solution is poured into one
liter of distilled water and neutralized by hydrochloric acid so
that crystals are precipitated. The crystals are taken by suction
filtration, washed with water, and then moved to a 1 L flask.
Toluene (500 ml) is added to the crystals, the resulting sub-
stance is heated and refluxed, water is removed by azeotropic
removal, a methanol (300 ml) solution of concentrated sulfu-
ricacid (1.5ml)is added, and the resulting substance is heated
and refluxed under a stream of nitrogen for 5 hours. After the
reaction, the product is extracted with toluene, and an organic
phase is washed with pure water. Next, after the organic phase
is dried with anhydrous sodium sulfate, the solvent is distilled
away under a reduced environment, whereby 17.9 g of the
following DAA-2 is obtained by recrystallization from hex-
ane.
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[0192] Next, a mixed solution of iodobenzene (3.6 g),

DAA-2 (5.0 g), copper (1) sulfate pentahydrate (0.2 g), potas-
sium carbonate (1.3 g) and tridecane (15 ml) is stirred at 210°
C. for 15 hours under a nitrogen environment.

[0193] After the completion of the reaction, a solution of
potassium hydroxide (15.6 g) dissolved in ethylene glycol
(300 ml) is added, the resulting substance is heated and
refluxed under a stream of nitrogen for 3.5 hours, and then
cooled to room temperature (25° C.). The reaction solution is
poured into one liter of distilled water and neutralized by
hydrochloric acid so that crystals are precipitated. The crys-
tals are taken by suction filtration, washed with water, and
then moved to a 1 L flask. Toluene (500 ml) is added to the
crystals, the resulting substance is heated and refluxed, water
is removed by azeotropic removal, a methanol (300 ml) solu-
tion of concentrated sulfuric acid (1.5 ml) is added, and the
resulting substance is heated and refluxed under a stream of
nitrogen for 5 hours.

[0194] After cooling, the resulting substance is filtered with
celite by adding toluene, and the product obtained by distill-
ing away the toluene is separated by silica gel column chro-
mate (hexane:toluene=2:1), whereby 3.2 g of formylated
TAA-2 is obtained.

QI*

[\ NH OCH; 1) Cucat.
S
2) KOH
0 3) MeOH/
DAA-2 H,S04
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S
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TAA-2

[0195] The TAA-2 (3.0 g)is dissolved in N,N-dimethylfor-
mamide (5 ml), and the droplets of phosphorus oxychloride
are dropped. After the resulting substance is stirred at room
temperature (25° C.) for 4 hours, anhydrous N,N-dimethyl
formamide (3 ml) is additionally injected, and, furthermore,
magnetically stirred for 13.5 hours. After the completion of
the reaction, water (100 ml) and ethyl acetate (100 ml) are
added and stirred, an organic phase is separated, the organic
phase is washed with 50 ml of saturated saline and dried with
sodium sulfate. The crude product obtained by distilling away
the solvent is separated by silica gel column chromatography
(ethyl acetate:hexane=1:4), whereby 2.5 g of formylated
TAA-2 is obtained.
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S | POCl;
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—

DMF

MeO,C
TAA-2
S CHO
MeO,C
Formylayed TAA-2
[0196] The formylated TAA-2 (2.2 g) and 2,5-diamino-1,

4-bensodithiol (0.37 g) are dissolved in N,N-dimethyl form-
aldehyde (15 ml) and refluxed for 24 hours. A solid obtained
by distilling N,N-dimethyl formaldehyde under a reduced
pressure is soxhlet-extracted (for 6 hours) with hexane so as
to remove impurities. The obtained crude crystals are sepa-
rated by silica gel column chromatography (toluene), and
recrystallized from toluene, whereby 0.45 g of a monomer
compound (A-23) is obtained.
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Monomer Compound (A-23)

[0197] 0.5 gof'the obtained monomer compound (A-23) is
put into a 50 ml three neck recovery flask together with 10 ml
of ethylene glycol and 0.01 g of titanium tetrabutoxide,
heated and stirred under a nitrogen environment at 200° C. for
5 hours.

[0198] After confirming by TLC that the monomer com-
pound (A-23) which is a raw material, reacts and disappears,
the resulting substance is heated to 210° C. at a pressure
reduced to 50 Pa while ethylene glycol is distilled away, and
the reaction continues for 6 hours.

[0199] After that, the resulting substance is cooled to room
temperature (25° C.), and dissolved in 50 ml of tetrahydrofu-
ran. The insoluble substance is filtered with a 0.5 polytet-
rafluoroethylene (PTFE) filter, the filtrate is distilled away
under a reduced pressure, the resulting substance is dissolved
in 300 ml of monochlorobenzene, and washed with in the
order of 300 ml of 1 N—HC]I and 500 ml of water three times.
Up to 30 ml of the monochlorobenzene solution is distilled
away under a reduced pressure, the droplets are dropped in
800 ml of ethyl acetate/methanol=1/3, whereby the polymer
is reprecipitated.

[0200] After the obtained polymer is filtered and washed
with methanol, the polymer is vacuum-dried for 16 hours at
60° C., whereby 0.3 g of a polymer [the Exemplary Com-
pound (A-23)] is obtained.

[0201] As aresult of measuring the molecular weight of the
polymer using gel permeation chromatography (GPC)
(manufactured by Tosoh Corporation, HLC-8120GPC), the
weight-average molecular weight Mw=8.4x10% (styrene con-
version), Mw/Mn=1.98, and the degree of polymerization p

obtained from the molecular weight of the low-molecular
compound (the monomer compound), which is a raw mate-
rial, is 83.

Synthesis Example 1-3
Synthesis of Exemplary Compound (A-10)

[0202] 4-methylacetanilide (21.0 g), 4-iodo phenyl propi-
onic acid methyl (64.4 g), potassium carbonate (38.3 g),
copper sulfate pentahydrate (2.3 g), and n-tridecane (50 ml)
are put into a 500 ml three neck flask, heated and stirred under
a stream of nitrogen at 230° C. for 20 hours. After the comple-
tion of the reaction, a solution of potassium hydroxide (15.6
g) dissolved in ethylene glycol (300 ml) is added, the resulting
substance is heated and refluxed under a stream of nitrogen
for 3.5 hours, and then cooled to room temperature (25° C.)
The reaction solution is poured into one liter of distilled water
and neutralized by hydrochloric acid so that crystals are pre-
cipitated. The crystals are taken by suction filtration, washed
with water, and then moved to a 1 L flask. Toluene (500 ml) is
added to the crystals, the resulting substance is heated and
refluxed, water is removed by azeotropic removal, a methanol
(300 ml) solution of concentrated sulfuric acid (1.5 ml) is
added, and the resulting substance is heated and refluxed
under a stream of nitrogen for 5 hours. After the reaction, the
product is extracted with toluene, and an organic phase is
washed with pure water. Next, after the organic phase is dried
with anhydrous sodium sulfate, the solvent is distilled away
under a reduced pressure, whereby 34.1 g of the following
DAA-3 is obtained by recrystallization from hexane.
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[0203] Next, a mixed solution of iodobenzene (4.8 g), the

above DAA-3 (5.0 g), copper (1) sulfate pentahydrate (0.2 g),
potassium carbonate (1.3 g) and tridecane (10 ml) is stirred at
210° C. for 7 hours. After the completion of the reaction, a
solution of potassium hydroxide (15.6 g) dissolved in ethyl-
ene glycol (300 ml) is added, the resulting substance is heated
and refluxed under a stream of nitrogen for 3.5 hours, and then
cooled to room temperature (25° C.). The reaction solution is
poured into one liter of distilled water and neutralized by
hydrochloric acid so that crystals are precipitated. The crys-
tals are taken by suction filtration, washed with water, and
then moved to a 1 L flask. Toluene (500 ml) is added to the
crystals, the resulting substance is heated and refluxed, water
is removed by azeotropic removal, a methanol (300 ml) solu-
tion of concentrated sulfuric acid (1.5 ml) is added, and the
resulting substance is heated and refluxed under a stream of
nitrogen for 5 hours. The resulting substance is cooled to
room temperature (25° C.), and is filtered with celite by
adding toluene. An organic phase is washed with pure water
and extracted, and the product obtained by distilling away the
organic solvent is separated by silica gel column chromate
(hexane 4:toluene 1), whereby 3.1 g of the following TAA-3
is obtained.

1) Cu cat.
H,C NH OCH; —————
3  2)KoH
3) MeOH/
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[0204] A mixed solution of the TAA-3 (3.0 g) and N,N-
dimethylformamide (100 ml) is put into a 500 ml three neck
flask, the droplets of phosphorus oxychloride (1.7 g) are
dropped, the resulting substance is heated to 80° C. and
stirred for 7 hours.

[0205] After cooling, pure water is added to the reaction
solution, and the precipitated crystals are taken by suction
filtration, whereby 2.7 g of formylated TAA-3 is obtained.

H;C
POCI;
N DMF
MeO,C
TAA-3
H;C
N@CHO
MeO,C

Formylated TAA-3

[0206] The formylated TAA-3 (2.0 g) and 2,5-diamino-1,

4-bensodithiol (0.69 g) are dissolved in m-xylene (10 ml) and
refluxed for 20 hours under a nitrogen environment. After
cooling, 30 ml of tetrahydrofuran (THF) is added, and the
reaction solution is filtered. The filtered reaction solution is
purified by column chromatography (toluene:ethyl
acetate=5:1), whereby 0.7 g of amonomer compound (A-5)is
obtained.
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Monomer Compound (A-5)

[0207] 0.5 g of the obtained monomer compound (A-5) is
put into a 50 ml three neck recovery flask together with 10 ml
of ethylene glycol and 0.01 g of titanium tetrabutoxide,
heated and stirred under a nitrogen environment at 200° C. for
5 hours.

[0208] After confirming by TLC that the monomer com-
pound (A-5), which is a raw material, reacts and disappears,
the resulting substance is heated to 210° C. at a pressure
reduced to 50 Pa while ethylene glycol is distilled away, and
the reaction continues for 6 hours.

[0209] After that, the resulting substance is cooled to room
temperature (25° C.), and dissolved in 50 ml of tetrahydrofu-
ran. The insoluble substance is filtered with a 0.5 polytet-
rafluoroethylene (PTFE) filter, the filtrate is distilled away
under a reduced pressure, the resulting substance is dissolved
in 300 ml of monochlorobenzene, and washed with in the
order of 300 ml of 1 N—HCI and 500 ml of water three times.
Up to 30 ml of the monochlorobenzene solution is distilled
away under a reduced pressure, the droplets are dropped in
800 ml of ethyl acetate/methanol=1/3, whereby the polymer
is reprecipitated.

[0210] After the obtained polymer is filtered and washed
with methanol, the polymer is vacuum-dried for 16 hours at
60° C., whereby 0.4 g of a polymer [the Exemplary Com-
pound (A-10)] is obtained.

[0211] As aresult of measuring the molecular weight of the
polymer using gel permeation chromatography (GPC)
(manufactured by Tosoh Corporation, HLC-8120GPC), the

CH;

N s
— >_</ />_< pa—
s N

CO,Me

weight-average molecular weight Mw=7.0x10" (styrene con-
version), Mw/Mn=1.95, and the degree of polymerization p
obtained from the molecular weight of the low-molecular
compound (the monomer compound), which is a raw mate-
rial, is 80.

Synthesis Example 1-4
Synthesis of Exemplary Compound (A-18)

[0212] 1-aceteamide naphthalene (25.0 g), 4-iodo phenyl
propionic acid methyl (64.4 g), potassium carbonate (38.3 g),
copper sulfate pentahydrate (2.3 g), and n-tridecane (50 ml)
are put into a 500 ml three neck flask, heated and stirred under
a stream of nitrogen at 230° C. for 20 hours. After the comple-
tion of the reaction, a solution of potassium hydroxide (15.6
g) dissolved in ethylene glycol (300 ml) is added, the resulting
substance is heated and refluxed under a stream of nitrogen
for 3.5 hours, and then cooled to room temperature. The
reaction solution is poured into one liter of distilled water and
neutralized by hydrochloric acid so that crystals are precipi-
tated. The crystals are taken by suction filtration, washed
sufficiently with water, and then movedto a 1 L flask. Toluene
(500 ml) is added to the crystals, the resulting substance is
heated and refluxed, water is removed by azeotropic removal,
a methanol (300 ml) solution of concentrated sulfuric acid
(1.5 ml) is added, and the resulting substance is heated and
refluxed under a stream of nitrogen for 5 hours. After the
reaction, the product is extracted with toluene, and an organic
phase is washed sufficiently with pure water. Next, after the
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organic phase is dried with anhydrous sodium sulfate, the
solvent is distilled away under a reduced pressure, whereby
36.5 gof DAA-4 is obtained by recrystallization from hexane.

Q NHAC '

1) Cu cat.
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2)KOH
3) MeOH/H,S0,4
0]

Q NH OCH;
O O
DAA-4

[0213] Next, a mixed solution of iodobenzene (4.8 g), the
above DAA-4 (5.0 g), copper (1) sulfate pentahydrate (0.2 g),
potassium carbonate (1.3 g) and tridecane (10 ml) is stirred at
210° C. for 7 hours. After the completion of the reaction, a
solution of potassium hydroxide (15.6 g) dissolved in ethyl-
ene glycol (300 ml) is added, the resulting substance is heated
and refluxed under a stream of nitrogen for 3.5 hours, and then
cooled to room temperature (25° C.). The reaction solution is
poured into one liter of distilled water and neutralized by
hydrochloric acid so that crystals are precipitated. The crys-
tals are taken by suction filtration, washed with water, and
then moved to a 1 L flask. Toluene (500 ml) is added to the
crystals, the resulting substance is heated and refluxed, water
is removed by azeotropic removal, a methanol (300 ml) solu-
tion of concentrated sulfuric acid (1.5 ml) is added, and the
resulting substance is heated and refluxed under a stream of
nitrogen for 5 hours. The resulting substance is cooled to
room temperature (25° C.), and is filtered with celite by
adding toluene. An organic phase is washed with pure water
and extracted, and the product obtained by distilling away the
organic solvent is separated by silica gel column chromate
(hexane 4:toluene 1), whereby 3.9 g of the following TAA-4
is obtained.
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[0214] A mixed solution of the TAA-4 (3.0 g) and N,N-
dimethylformamide (100 ml) is put into a 500 ml three neck
flask, the droplets of phosphorus oxychloride (1.7 g) are
dropped, the resulting substance is heated to 80° C. and
stirred for 7 hours.

[0215] After cooling, the reaction solution is added to pure
water, and the precipitated crystals are taken by suction fil-
tration, whereby 2.4 g of formylated TAA-4 is obtained.

MeO,C
TAA-4
MeO,C
Formylated TAA-4
[0216] The formylated TAA-4 (2.2 g) and 2,5-diamino-1,

4-bensodithiol (0.7 g) are dissolved in m-xylene (10 ml) and
refluxed for 28 hours under a nitrogen environment. After
cooling, 30 ml of tetrahydrofuran (THF) is added, and the
reaction solution is filtered. The filtered reaction solution is
purified by column chromatography (toluene), whereby 0.7 g
of'a monomer compound (A-14) is obtained.
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[0217] 1.0 gof'the obtained monomer compound (A-14) is
put into a 50 ml three neck recovery flask together with 10 ml
of ethylene glycol and 0.02 g of titanium tetrabutoxide,
heated and stirred under a nitrogen environment at 200° C. for
5 hours.

[0218] After confirming by TLC that the monomer com-
pound (A-14), which is a raw material, reacts and disappears,
the resulting substance is heated to 210° C. at a pressure
reduced to 50 Pa while ethylene glycol is distilled away, and
the reaction continues for 6 hours.

[0219] After that, the resulting substance is cooled to room
temperature (25° C.), and dissolved in 50 ml of tetrahydrofu-
ran. The insoluble substance is filtered with a 0.5 pl polytet-
rafluoroethylene (PTFE) filter, the filtrate is distilled away
under a reduced pressure, the resulting substance is dissolved
in 300 ml of monochlorobenzene, and washed with in the
order of 300 ml of 1 N—HCl and 500 ml of water three times.
Up to 30 ml of the monochlorobenzene solution is distilled
away under a reduced pressure, the droplets are dropped in
800 ml of ethyl acetate/methanol=1/3, whereby the polymer
is reprecipitated.

[0220] After the obtained polymer is filtered and washed
with methanol, the polymer is vacuum-dried for 16 hours at
60° C., whereby 0.5 g of a polymer [the Exemplary Com-
pound (A-18)] is obtained.

[0221] As aresult of measuring the molecular weight of the
polymer using gel permeation chromatography (GPC)
(manufactured by Tosoh Corporation, HLC-8120GPC), the
weight-average molecular weight Mw=>5.2x10% (styrene con-
version), Mw/Mn=1.95, and the degree of polymerization p

m-Xylene

CO,Me

obtained from the molecular weight of the low-molecular
compound (the monomer compound), which is a raw mate-
rial, is 55.

Synthesis Example 1-5
Synthesis of Exemplary Compound (A-26)

[0222] 4-(2-thienyl)acetylaniline (30.0 g), 4-iodo phenyl
propionic acid methyl (28.5 g), potassium carbonate (13.6 g),
copper sulfate pentahydrate (2.0 g), and 1,2-dichlorobenzene
(50 ml) are put into a 500 ml three neck flask, heated and
stirred under a stream of nitrogen at 230° C. for 20 hours.
After the completion of the reaction, a solution of potassium
hydroxide (15.6 g) dissolved in ethylene glycol (300 ml) is
added, the resulting substance is heated and refluxed under a
stream of nitrogen for 3.5 hours, and then cooled to room
temperature (25° C.). The reaction solution is poured into one
liter of distilled water and neutralized by hydrochloric acid so
that crystals are precipitated. The crystals are taken by suction
filtration, washed with water, and then moved to a 1 L flask.
Toluene (500 ml) is added to the crystals, the resulting sub-
stance is heated and refluxed, water is removed by azeotropic
removal, a methanol (300 ml) solution of concentrated sulfu-
ricacid (1.5 ml)is added, and the resulting substance is heated
and refluxed under a stream of nitrogen for 5 hours. After the
reaction, the product is extracted with toluene, and an organic
phase is washed with pure water. Next, after the organic phase
is dried with anhydrous sodium sulfate, the solventis distilled
away under a reduced pressure, whereby 17.9 g of DAA-2 is
obtained by recrystallization from hexane.
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[0223] Next, amixed solution of’3-methyliodobenzene (4.0

g), DAA-2 (5.0 g), copper (11) sulfate pentahydrate (0.2 g),
potassium carbonate (1.3 g) and tridecane (15 ml) is stirred at
210° C. for 15 hours under a nitrogen environment.

[0224] After the completion of the reaction, a solution of
potassium hydroxide (15.6 g) dissolved in ethylene glycol
(300 ml) is added, the resulting substance is heated and
refluxed under a stream of nitrogen for 3.5 hours, and then
cooled to room temperature (25° C.). The reaction solution is
poured into one liter of distilled water and neutralized by
hydrochloric acid so that crystals are precipitated. The crys-
tals are taken by suction filtration, washed with water, and
then moved to a 1 L flask. Toluene (500 ml) is added to the
crystals, the resulting substance is heated and refluxed, water
is removed by azeotropic removal, a methanol (300 ml) solu-
tion of concentrated sulfuric acid (1.5 ml) is added, and the
resulting substance is heated and refluxed under a stream of
nitrogen for 5 hours.

[0225] After cooling, the resulting substance is filtered with
celite by adding toluene, and the product obtained by distill-
ing away toluene is separated by silica gel column chromate
(hexane 2:toluene 1), whereby 3.0 g of TAA-5 is obtained.

H;C
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[0226] The TAA-5 (3.0 g) is dissolved in N,N-dimethylfor-

mamide (5 ml), and the droplets of phosphorus oxychloride
are dropped. After the resulting substance is stirred at room
temperature (25° C.) for 4 hours, anhydrous N,N-dimethyl
formamide (3 ml) is additionally injected, and, furthermore,
magnetically stirred for 13.5 hours. After the completion of
the reaction, water (100 ml) and ethyl acetate (100 ml) are put
and stirred, an organic phase is separated, the organic phase is
washed with 50 ml of saturated saline and dried with sodium
sulfate. The crude product obtained by distilling away the
solvent is separated by silica gel column chromatography
(ethyl acetate:hexane=1:4), whereby 2.5 g of formylated
TAA-5 is obtained.
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Formylated TAA-5

[0227] The formylated TAA-5 (2.5 g) and 2,5-diamino-1,

4-bensodithiol (0.7 g) are dissolved in N,N-dimethyl formal-
dehyde (15 ml) and refluxed for 30 hours. A solid obtained by
distilling N,N-dimethyl formaldehyde under a reduced pres-
sure is soxhlet-extracted (for 5 hours) with hexane 30 as to
remove impurities. The obtained crude crystals are separated
by silica gel column chromatography (toluene), and recrys-
tallized from toluene, whereby 0.6 g of a monomer compound
(A-25) is obtained.
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[0228] 0.5 g ofthe obtained monomer compound (A-25) is
put into a 50 ml three neck recovery flask together with 10 ml
of ethylene glycol and 0.01 g of titanium tetrabutoxide,
heated and stirred under a nitrogen environment at 200° C. for
5 hours.

[0229] After confirming by TLC that the monomer com-
pound (A-25), which is a raw material, reacts and disappears,
the resulting substance is heated to 210° C. at a pressure
reduced to 50 Pa while ethylene glycol is distilled away, and
the reaction continues for 6 hours.

[0230] After that, the resulting substance is cooled to room
temperature (25° C.), and dissolved in 50 ml of tetrahydrofu-
ran. The insoluble substance is filtered with a 0.5 pul polytet-
rafluoroethylene (PTFE) filter, the filtrate is distilled away
under a reduced pressure, the resulting substance is dissolved
in 300 ml of monochlorobenzene, and washed with in the
order of 300 ml of 1 N—HCI and 500 ml of water three times.
Up to 30 ml of the monochlorobenzene solution is distilled
away under a reduced pressure, the droplets are dropped in
800 ml of ethyl acetate/methanol=1/3, whereby the polymer
is reprecipitated.

[0231] After the obtained polymer is filtered and washed
with methanol, the polymer is vacuum-dried for 16 hours at
60° C., whereby 0.5 g of a polymer [the Exemplary Com-
pound (A-26)] is obtained.

[0232] Asaresult of measuring the molecular weight of the
polymer using gel permeation chromatography (GPC)
(manufactured by Tosoh Corporation, HLC-8120GPC), the
weight-average molecular weight Mw=6.3x10% (styrene con-
version), Mw/Mn=2.05, and the degree of polymerization p
obtained from the molecular weight of the low-molecular
compound (the monomer compound), which is a raw mate-
rial, is 61.

Synthesis Example 1-6
Synthesis of Exemplary Compound (A-14)

[0233] A mixed solution of 4-iodophenyl (6.6 g), DAA-1
(5.0 g), copper (II) sulfate pentahydrate (0.2 g), potassium
carbonate (1.3 g) and tridecane (10 ml) is stirred at 210° C. for
7 hours. After the completion of the reaction, a solution of
potassium hydroxide (15.6 g) dissolved in ethylene glycol
(300 ml) is added, the resulting substance is heated and
refluxed under a stream of nitrogen for 3.5 hours, and then
cooled to room temperature (25° C.). The reaction solution is
poured into one liter of distilled water and neutralized by
hydrochloric acid so that crystals are precipitated. The crys-
tals are taken by suction filtration, washed with water, and
then moved to a 1 L flask. Toluene (500 ml) is added to the
crystals, the resulting substance is heated and refluxed, water
is removed by azeotropic removal, a methanol (300 ml) solu-
tion of concentrated sulfuric acid (1.5 ml) is added, and the
resulting substance is heated and refluxed under a stream of
nitrogen for 5 hours. After the resulting substance is cooled to
room temperature, the resulting substance is filtered with
celite by adding toluene. An organic phase is washed with
pure water and extracted, and the product obtained by distill-
ing away the organic solvent is separated by silica gel column
chromate (hexane 4:toluene 1), whereby 4.5 g of TAA-6 is
obtained.

OO
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-continued

l) Cu cat.

2) KoHn

3) MeOH/
H,S0,

@ POC13

O -
N OCH;
0
TAA-6

MeO,C

[0234] A mixed solution of the TAA-6 (4.0 g) and N,N- o
dimethylformamide (100 ml) is put into a 500 ml three neck [0236] The formylated TAA-6 (2.0 g) and 2,5-diamino-1,

: 4-bensodithiol (0.7 g) are dissolved in m-xylene (10 ml) and
flask, the droplets of phosphorus oxychloride (24 g) are refluxed for 15 hours under a nitrogen environment. After

dropped, heated to 80° C. and stirred for 8 hours. cooling, THF is added, and the reaction solution is filtered.
[0235] After cooling, the reaction solution is added to pure [0237] The filtered reaction solution is purified by column
water, and the precipitated crystals are taken by suction fil- chromatography (toluene:ethyl acetate=5:1), whereby 0.6 g
tration, whereby 2.8 g of formylated TAA-6 is obtained. of'a monomer compound (A-10) is obtained.

Q : -

MeO,C
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-continued

Z

MeO,C

Monomer Compound (A-10)

[0238] 0.6 g of'the obtained monomer compound (A-10) is
put into a 50 ml three neck recovery flask together with 10 ml
of ethylene glycol and 0.01 g of titanium tetrabutoxide,
heated and stirred under a nitrogen environment at 200° C. for
5 hours.

[0239] After confirming by TLC that the monomer com-
pound (A-10), which is a raw material, reacts and disappears,
the resulting substance is heated to 210° C. at a pressure
reduced to 50 Pa while ethylene glycol is distilled away, and
the reaction continues for 6 hours. After that, the resulting
substance is cooled to room temperature, and dissolved in 50
ml of tetrahydrofuran. The insoluble substance is filtered with
a 0.5 pl polytetrafluoroethylene (PTFE) filter, the filtrate is
distilled away under a reduced pressure, the resulting sub-
stance is dissolved in 300 ml of monochlorobenzene, and
washed with in the order of 300 ml of 1 N—HCI and 500 ml
of water three times. Up to 30 ml of the monochlorobenzene
solution is distilled away under a reduced pressure, the drop-
lets are dropped in 800 ml of ethyl acetate/methanol=1/3,
whereby the polymer is reprecipitated. After the obtained
polymer is filtered and sufficiently washed with methanol, the
polymer is vacuum-dried for 16 hours at 60° C., whereby 0.4
g of a polymer [the exemplary polymer (A-14)] is obtained.
[0240] As aresult of measuring the molecular weight of the
polymer using gel permeation chromatography (GPC)
(manufactured by Tosoh Corporation, HLC-8120GPC), the
weight-average molecular weight Mw=7.5x10* (styrene con-
version), Mw/Mn=2.08, and the degree of polymerization p
obtained from the molecular weight of the monomer is 74.

Synthesis Example 1-7
Synthesis of Exemplary Compound (A-17)

[0241] Next, a mixed solution of bromoiodobenzene (6.6
g), DAA-1 (5.0 g), copper (1) sulfate pentahydrate (0.2 g),
potassium carbonate (1.3 g) and tridecane (10 ml) is stirred at
210° C. for 7 hours. After the completion of the reaction, a
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CO,Me

solution of potassium hydroxide (15.6 g) dissolved in ethyl-
ene glycol (300 ml) is added, the resulting substance is heated
and refluxed under a stream of nitrogen for 3.5 hours, and then
cooled to room temperature (25° C.). The reaction solution is
poured into one liter of distilled water and neutralized by
hydrochloric acid so that crystals are precipitated. The crys-
tals are taken by suction filtration, washed with water, and
then moved to a 1 L flask. Toluene (500 ml) is added to the
crystals, the resulting substance is heated and refluxed, water
is removed by azeotropic removal, a methanol (300 ml) solu-
tion of concentrated sulfuric acid (1.5 ml) is added, and the
resulting substance is heated and refluxed under a stream of
nitrogen for 5 hours. The resulting substance is cooled to
room temperature, and is filtered with celite by adding tolu-
ene. An organic phase is washed with pure water and
extracted, and the product obtained by distilling away the
organic solvent is separated by silica gel column chromate
(hexane 4:toluene 1), whereby 4.3 g of TAA-7 is obtained.

1) Cu cat.
NH OCH; ——
2) KOH
3) MeOH/
0 H,S04

DAA-1
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TAA-7

[0242] A mixed solution of the TAA-7 (3.0 g) and N,N-
dimethylformamide (100 ml) is put into a 500 ml three neck
flask, the droplets of phosphorus oxychloride (2.3 g) are
dropped, the resulting substance is heated to 80° C. and
stirred for 7 hours.

[0243] After cooling, pure water is added to the reaction
solution, and the precipitated crystals are taken by suction
filtration, 2.5 g of formylated TAA-7 is obtained.

Br

POCI3
N —_—
DMF

MeO,C
Br
NOCHO
MeO,C
[0244] Tetrakis(triphenylphosphine)palladium (0.42 g) is

dissolved in toluene (12 ml) in conjunction with magnetic
stirring under a nitrogen environment. The formylated TAA-7
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(5.0 g) an aqueous solution of 2 M sodium hydrocarbon (6
ml), and a solution of thiophen-2-boronic acid (1.9 g)/ethanol
(3 ml) are sequentially added. After that, the mixture is stirred
and refluxed for 4 hours. After the completion of the reaction,
the mixture is cooled to room temperature and divided into a
water layer and a toluene layer, and the toluene layer is
washed with a saturated saline (about 25 ml, three times).
Toluene is distilled under a reduced pressure, thereby obtain-
ing a crude product. The crude product is dissolved in a small
amount of toluene, silica gel coating column (only hexane,
inner diameter 4 cm, height 28 cm) is carried out, and the
solvent is distilled away by a rotary evaporator under a
reduced pressure, whereby 1.3 g of TAA-8 is obtained.

Br

MeO,C
6\ Pd(PPhs),
S B(OH), Toluene
EtOH
2M Na,CO;
</ ES
N@CHO
MeO,C
TAA-8
[0245] TAA-8 (1.2 g), 2,5-diamino-1,4-bensodithiol (0.5

g), and m-xylene (10 ml) are refluxed for 15 hours under a
nitrogen environment. After cooling, THF is added, and the
reaction solution is filtered.

[0246] The filtered reaction solution is purified by column
chromatography (toluene:ethyl acetate=5:1), whereby 0.5 g
of'a monomer compound (A-13) is obtained.
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NH,

SH

H,N
CHO

m-Xylene

1@ -

MeO,C

h -

MeO,C

Monomer Compound (A-13)

[0247] 0.5 g of the obtained monomer compound (A-13) is
put into a 50 ml three neck recovery flask together with 10 ml
of ethylene glycol and 0.01 g of titanium tetrabutoxide,
heated and stirred under a nitrogen environment at 200° C. for
5 hours.

[0248] After confirming by TLC that the monomer com-
pound (A-13), which is a raw material, reacts and disappears,
the resulting substance is heated to 210° C. at a pressure
reduced to 50 Pa while ethylene glycol is distilled away, and
the reaction continues for 6 hours. After that, the resulting
substance is cooled to room temperature, and dissolved in 50
ml of tetrahydrofuran. The insoluble substance is filtered with
a 0.5 ul polytetrafluoroethylene (PTFE) filter, the filtrate is
distilled away under a reduced pressure, the resulting sub-
stance is dissolved in 300 ml of monochlorobenzene, and
washed with in the order of 300 ml of 1 N—HCl and 500 ml
of water three times. Up to 30 ml of the monochlorobenzene
solution is distilled away under a reduced pressure, the drop-
lets are dropped in 800 ml of ethyl acetate/methanol=1/3,
whereby the polymer is reprecipitated. After the obtained

N s
— >_</ />_< —x
s N

CO,Me

polymer is filtered and washed with methanol, the polymer is
vacuum-dried for 16 hours at 60° C., whereby 0.3 g of a
polymer [the exemplary polymer (A-17)] is obtained.
[0249] As aresult of measuring the molecular weight of the
polymer using gel permeation chromatography (GPC)
(manufactured by Tosoh Corporation, HLC-8120GPC), the
weight-average molecular weight Mw=6.8x10" (styrene con-
version), Mw/Mn=2.11, and the degree of polymerization p
obtained from the molecular weight of the monomer is 66.

Example 1-1

[0250] ITO (manufactured by Sanyo Vacuum Industries
Co., Ltd.) formed on a transparent insulating substrate is
patterned by photolithography using a strip photo mask, and,
furthermore, subjected to an etching treatment, thereby form-
ing a strip ITO electrode (width 2 mm). Next, the ITO glass
substrate is washed by adding an ultrasonic wave of each ofa
neutral detergent, ultrapure water, acetone (for electronic
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engineering, manufactured by Kanto Chemical Co., Inc.) and
isopropanol (for electronic engineering, manufactured by
Kanto Chemical Co., Inc.) for 5 minutes, and then dried with
a spin coater.

[0251] A 5% by mass monochlorobenzene solution of the
charge-transporting polyester [the Exemplary Compound
(A-6)] is prepared as a hole-transporting layer and filtered
using a 0.1 um PTFE filter, and a 0.050 pm-thick thin film is
formed on the substrate by the dip method. The Exemplary
Compound (XV-1) is deposited as a light-emitting material so
as to form a 0.055 pum-thick light-emitting layer. Subse-
quently, a metallic mask provided with strip holes is installed,
0.0001 pum of LiF is deposited, subsequently, 0.150 um of Al
is deposited, thereby forming a 2 mm-wide and 0.15 pm-thick
rear surface electrode to intersect with the ITO electrode. The
effective area of the formed organic electroluminescence ele-
ment is 0.04 cm?.

Example 1-2

[0252] A 10% by mass dichloroethane solution of one part
by mass of the charge-transporting polyester [the Exemplary
Compound (A-23)], 4 parts by mass of poly(N-vinyl carba-
zole) and 0.02 parts by mass of the Exemplary Compound
(XV-1) is prepared and filtered using a 0.1 um PTFE filter. A
0.15 pum-thick thin film is formed on a glass substrate on
which a strip ITO electrode is etched, washed and dried
according to Example 1-1 by the spin coater method using the
solution. After the thin film is sufficiently dried, a metallic
mask provided with strip holes is installed, 0.0001 um of LiF
is deposited, subsequently, 0.150 pm of Al is deposited,
thereby forming a 2 mm-wide and 0.15 pm-thick rear surface
electrode to intersect with the ITO electrode. The effective
area of the formed organic electroluminescence element is
0.04 cm?.

Example 1-3

[0253] According to Example 1-1, a 0.050 um-thick hole-
transporting layer is formed on the ITO glass substrate which
is etched, washed and dried according to Example 1-1 using
the charge-transporting polyester [the Exemplary Compound
(A-10)]. Next, a 0.065 um-thick layer is formed as a light-
emitting layer using a mixture (mass ratio: 99/1) of the Exem-
plary Compound (XV-1) and the Exemplary Compound
(XVI-1), and a 0.030 um-thick layer is formed as an electron-
transporting layer using the Exemplary Compound (XV-9).
After the thin layers are sufficiently dried, a metallic mask
provided with strip holes is installed, 0.0001 um of LiF is
deposited, subsequently, 0.150 pm of Al is deposited, thereby
forming a 2 mm-wide and 0.15 pm-thick rear surface elec-
trode to intersect with the ITO electrode. The effective area of
the formed organic electroluminescence element is 0.04 cm?.

Example 1-4

[0254] According to Example 1-1, a0.050 um-thick layeris
formed as a hole-transporting layer by the ink jet method (the
piezo ink jet method) on an ITO glass substrate which is
etched and washed according to Example 1-1 using the
charge-transporting polyester [the Exemplary Compound
(A-18)]. Next, a 0.065 um-thick layer of the Exemplary Com-
pound (XV-16, n=8, g=185) including 5% by mass of the
Exemplary Compound (XVI-5) (that is, a layer including 5%
by mass of the Exemplary Compound (XVI-5) and 95% by
mass of the Exemplary Compound XV-16) is formed as a
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light-emitting layer by the spin coater method. After the thin
layer is sufficiently dried, 0.08 pm-thick Ca and 0.15 pm-
thick Al are deposited, and a 2 mm-wide and totally 0.23
um-thick rear surface electrode is formed so as to intersect
with the ITO electrode. The effective area of the formed
organic electroluminescence element is 0.04 cm?.

Example 1-5

[0255] An organic electroluminescence element is manu-
factured according to Example 1-2 except that the charge-
transporting polyester [the Exemplary Compound (A-6)] is
used instead of the charge-transporting polyester [the Exem-
plary Compound (A-23)] that is used in Example 1-2.

Example 1-6

[0256] An organic electroluminescence element is manu-
factured according to Example 1-2 except that the charge-
transporting polyester [the Exemplary Compound (A-26)] is
used instead of the charge-transporting polyester [the Exem-
plary Compound (A-23)] that is used in Example 1-2.

Example 1-7

[0257] A 1.5% by mass dichloroethane solution of the
charge-transporting polyester [the Exemplary Compound
(A-6)] is prepared and filtered using a 0.1 um PTFE filter. A
0.05 pm-thick thin film is formed on the ITO glass substrate
which is etched, washed and dried according to Example 1-1
by the ink jet method using the solution. Next, a 0.050 um-
thick light-emitting layer (a layer including 5% by mass of the
Exemplary Compound (XVI-5) and 95% by mass of the
Exemplary Compound XV-16) is formed by the spin coat
method using the Exemplary Compound (XV-16, n=8,
g=185) including 5% by mass of the Exemplary Compound
(XVI-5) as a light-emitting material. After the thin layer is
sufficiently dried, 0.08 pm-thick Ca and 0.15 pm-thick Al are
deposited, and a 2 mm-wide and totally 0.23 pm-thick rear
surface electrode is formed so as to intersect with the ITO
electrode. The effective area of the formed organic electrolu-
minescence element is 0.04 cm>.

Example 1-8

[0258] A 0.050 um-thick layer of the Exemplary Com-
pound (XV-16, n=8, g=185) is formed on the ITO glass sub-
strate which is etched, washed and dried according to
Example 1-1 as a light-emitting layer. A 1.5% by mass dichlo-
roethane solution of the charge-transporting polyester [the
Exemplary Compound (A-6)] is prepared and filtered using a
0.1 pum PTFE filter. A 0.015 pm-thick electron-transporting
layer is formed on the light-emitting layer by the spin coater
method using the solution. After the layer is sufficiently dried,
using a metallic mask provided with strip holes, 0.0001 pm of
LiF is deposited, and, subsequently, 0.150 um of Al is depos-
ited, thereby forming a 2 mm-wide and 0.15 pm-thick rear
surface electrode to intersect with the ITO electrode. The
effective area of the formed organic electroluminescence ele-
ment is 0.04 cm?.
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Example 1-9

[0259] An organic electroluminescence element is manu-
factured according to Example 1-1 except that the charge-
transporting polyester [the Exemplary Compound (A-14)] is
used instead of the charge-transporting polyester [the Exem-
plary Compound (A-6)] that is used in Example 1-1.

Example 1-10

[0260] An organic electroluminescence element is manu-
factured according to Example 1-1 except that the charge-
transporting polyester [the Exemplary Compound (A-17)] is
used instead of the charge-transporting polyester [the Exem-
plary Compound (A-6)] that is used in Example 1-1.

Comparative Example 1-1

[0261] An organic EL element is manufactured according
to Example 1-1 except that the compound represented by the
following structural formula (XVII) is used instead of the
charge-transporting polyester [the Exemplary Compound
(A-6)] that is used in Example 1-1.

(XVID)
CH; HiC

s

&
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Comparative Example 1-2

[0262] A 10% by mass dichloroethane solution is prepared
by mixing 2 parts by mass of polyvinyl carbazole (PVK) as a
charge-transporting polymer, 0.1 parts by mass of the Exem-
plary Compound (XV-1) as a light-emitting material, and one
part by mass of the compound (XV-9) as an electron-trans-
porting material, and filtered using a 0.1 pm PTFE filter. This
solution is coated by the dip method so as to form a 0.015
um-thick hole-transporting layer on a glass substrate on
which a 2 mm-wide strip ITO electrode is formed by etching.
After the layer is sufficiently dried, using a metallic mask
provided with strip holes, 0.0001 pm of LiF is deposited, and,
subsequently, 0.150 pm of Al is deposited, thereby forming a
2 mm-wide and 0.15 pm-thick rear surface electrode to inter-
sect with the ITO electrode. The effective area of the formed
organic electroluminescence element is 0.04 cm?.

Comparative Example 1-3

[0263] A 10% by mass dichloroethane solution is prepared
by mixing 2 parts by mass of a compound (end group: H)
having the structure represented by the following structural
formula (XVIII) as a charge-transporting polymer, 0.1 parts
by mass of the Exemplary Compound (XV-1) as a light-
emitting material, and one part by mass of the compound
(XV-9) as an electron-transporting material, and filtered
using a 0.1 um PTFE filter. This solution is coated by the dip
method so as to form a 0.15 pm-thick hole-transporting layer
ona glass substrate on which a 2 mm-wide strip ITO electrode
is formed by etching. After the layer is sufficiently dried,
using a metallic mask provided with strip holes, 0.0001 pm of
LiF is deposited, subsequently, 0.150 um of Al is deposited,
thereby forming a 2 mm-wide and 0.15 pm—thick rear sur-
face electrode to intersect with the ITO electrode. The effec-
tive area of the formed organic electroluminescence element
is 0.04 cm”.

TR

(XVIID)
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Comparative Example 1-4

[0264] An organic EL element is manufactured according
to Example 1-1 except that a compound having the structure
represented by the following structural formula (XIX)
(weight-average molecular weight: 5.1x10%, end group: H) is
used instead of the charge-transporting polyester [the Exem-
plary Compound (A-6)] that is used in Example 1-1.
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[0266] Measurement of the organic EL elements manufac-
tured in the above ways is carried out by applying a direct
voltage in dried nitrogen with the ITO electrode side used as
plus and the rear surface electrode used as minus.

[0267] The light-emitting durability is evaluated using a
relative time when the driving time at which the luminescence
of the element of Comparative Example 1 (initial luminance

XIX)

. . (/S\§ (/S\§ . y

Comparative Example 1-5

[0265] An organic EL element is manufactured according
to Example 1-1 except that a compound having the structure
represented by the following structural formula (XX)
(weight-average molecular weight: 3.9x10%, end group: H) is
used instead of the charge-transporting polyester [the Exem-
plary Compound (A-6)] that is used in Example 1-1.

Lo: 1000 cd/m?) becomes 0.5 of luminance I/initial lumi-
nance L, is set to 1.0 when the initial luminance at room
temperature (25° C.) in the direct driving manner (DC driv-
ing) is set to 1000 cd/m?, and a voltage increase fraction
(=voltage/initial driving voltage) when the luminescence of
the element becomes 0.5 of luminance [/initial luminance L.
The results are shown in Table 16.

O~ T)—
MQ Qw>
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TABLE 16

Voltage increase Relative time

(@L/Ly=0.5) (L/Ly=0.5)
Example 1-1 1.11 1.81
Example 1-2 1.19 1.45
Example 1-3 1.13 1.71
Example 1-4 1.15 1.78
Example 1-5 1.20 1.55
Example 1-6 1.15 1.40
Example 1-7 1.21 1.21
Example 1-8 1.22 1.24
Example 1-9 1.14 1.68
Example 1-10 1.16 1.65
Comparative Example 1-1 1.32 1.00
Comparative Example 1-2 1.25 1.08
Comparative Example 1-3 1.25 1.15
Comparative Example 1-4 1.30 1.20
Comparative Example 1-5 1.24 1.20

[0268] <Synthesis of Charge-Transporting Polyester>

Synthesis Example 2-1
Synthesis of Exemplary Compound (B-10)

[0269] 4-(2-thienyl)acetanilide (30.0g), 4-iodo phenyl pro-
pionic acid methyl (28.5 g), potassium carbonate (13.6 g),
copper sulfate pentahydrate (2.0 g), and 1,2-dichlorobenzene
(50 ml) are put into a 500 ml three neck flask, heated and
stirred under a stream of nitrogen at 230° C. for 20 hours.
After the completion of the reaction, a solution of potassium
hydroxide (15.6 g) dissolved in ethylene glycol (300 ml) is
added, the resulting substance is heated and refluxed under a
stream of nitrogen for 3.5 hours, and then cooled to room
temperature (25° C.). The reaction solution is poured into one
liter of distilled water and neutralized by hydrochloric acid so
that crystals are precipitated. The crystals are taken by suction
filtration, washed with water, and then moved to a 1 L flask.
Toluene (500 ml) is added to the crystals, the resulting sub-
stance is heated and refluxed, water is removed by azeotropic
removal, a methanol (300 ml) solution of concentrated sulfu-
ricacid (1.5ml) is added, and the resulting substance is heated
and refluxed under a stream of nitrogen for 5 hours. After the
reaction, the product is extracted with toluene, and an organic
phase is washed with pure water. Next, after the organic phase
is dried with anhydrous sodium sulfate, the solvent is distilled
away under a reduced pressure, whereby 17.9 g of the follow-
ing DAA-1' is obtained by recrystallization from hexane.

/

S

NHAc +

1) Cu cat.

2) KOH

3) MeOH/
0 H,S04

1 OCH;
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-continued

/ \ NH OCH;

DAA-I'

[0270] A mixed solution of iodobenzene (3.6 g), DAA-1'
(5.0 g), copper (II) sulfate pentahydrate (0.2 g), potassium
carbonate (1.3 g) and tridecane (15 ml) is stirred under a
nitrogen environment at 210° C. for 15 hours.

[0271] After the completion of the reaction, a solution of
potassium hydroxide (15.6 g) dissolved in ethylene glycol
(300 ml) is added, the resulting substance is heated and
refluxed under a stream of nitrogen for 3.5 hours, and then
cooled to room temperature (25° C.). The reaction solution is
poured into one liter of distilled water and neutralized by
hydrochloric acid so that crystals are precipitated. The crys-
tals are taken by suction filtration, washed with water, and
then moved to a 1 L flask. Toluene (500 ml) is added to the
crystals, the resulting substance is heated and refluxed, water
is removed by azeotropic removal, a methanol (300 ml) solu-
tion of concentrated sulfuric acid (1.5 ml) is added, and the
resulting substance is heated and refluxed under a stream of
nitrogen for 5 hours.

[0272] Aftercooling, the resulting substance is filtered with
celite by adding toluene, and the product obtained by distill-
ing away toluene is separated by silica gel column chromate
(hexane 2:toluene 1), whereby 3.2 g of TAA-1' is obtained.

< >—I +
U_Q’NH ocr, DCuca
s 2) KOH
\,  3)MeOW
DAA-1

1,504

atad

MeO,C

TAA-I'
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[0273] Next, TAA-1' (3.0 g) is dissolved in N,N-dimethyl-
formamide (5 ml) N-bromosuccinimide (1.4 g) is added, and -continued
the mixture is stirred for 18 hours. After the reaction, the
product is extracted with toluene, and an organic phase is
washed with pure water. Next, after the organic phase is dried
with anhydrous sodium sulfate, TAA-2' (3.1 g) is obtained by
distilling away the solvent under a reduced pressure.

C :S
S MeO,C
N | NBS
\ DMF TAA-2'

[0274] Next, tetra(triphenylphosphine)palladium (0.06 g)
is dissolved in toluene (1 ml) in a 100 ml flask under a
nitrogen environment. Subsequently, TAA-2' (2.0 g), toluene
(3 ml), an aqueous solution of 1 M sodium hydrocarbon (4
MeO,C ml), ethanol (2 ml) and 2,1,3-benzothiadizole-4,7-bis(bo-
ronic acid ester) (1.7 g) are sequentially added and refluxed
TAA-1' for 11 hours. After the completion of the reaction, the reaction
solution is filtered and washed with pure water, and dried with
sodium sulfate. The resulting substance is purified with col-
umn chromatography (toluene: ethyl acetate=10:1), whereby
1.5 g of a monomer compound B-11 is obtained.

Pd(PPhs)s
CH; LM

O O
E / HyC NaHCO
N \ Br | \B e CH; 5
S H:C / \ Toluene/
: o 0 CHj EtOH
H;C / \ CH3 reflux, 14 hr
N N
N
S
S

H;C

MeO,C

TAA-2

-\
N

\S/

N

OO
OO0

MeO,C CO,Me

Monomer Compound (B-11)
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[0275] 1.0 g of the obtained monomer compound (B-11) is
put into a 50 ml three neck recovery flask together with 10 ml
of ethylene glycol and 0.02 g of titanium tetrabutoxide,
heated and stirred under a nitrogen environment at 200° C. for
5 hours.

[0276] After confirming by TLC that the monomer com-
pound (B-11), which is a raw material, reacts and disappears,
the resulting substance is heated to 210° C. at a pressure
reduced to 50 Pa while ethylene glycol is distilled away, and
the reaction continues for 6 hours.

[0277] After that, the resulting substance is cooled to room
temperature (25° C.), and dissolved in 50 ml of tetrahydrofu-
ran. The insoluble substance is filtered with a 0.5 pul polytet-
rafluoroethylene (PTFE) filter, the filtrate is distilled away
under a reduced pressure, the resulting substance is dissolved
in 300 ml of monochlorobenzene, and washed with in the
order of 300 ml of 1 N—HCI and 500 ml of water three times.
Up to 30 ml of the monochlorobenzene solution is distilled
away under a reduced pressure, the droplets are dropped in
800 ml of ethyl acetate/methanol=1/3, whereby the polymer
is reprecipitated.

[0278] After the obtained polymer is filtered and washed
with methanol, the polymer is vacuum-dried for 16 hours at
60° C., whereby 0.6 g of a polymer [the Exemplary Com-
pound (B-10)] is obtained.

[0279] As aresult of measuring the molecular weight of the
polymer using gel permeation chromatography (GPC)
(manufactured by Tosoh Corporation, HLC-8120GPC), the
weight-average molecular weight Mw=5.5x10* (styrene con-
version), Mw/Mn=2.15, and the degree of polymerization p
obtained from the molecular weight of the low-molecular
compound (the monomer compound), which is a raw mate-
rial, is 58.

ROaCad
N\N
Ve

/
\S

MeO,C
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Synthesis Example 2-2
Synthesis of Exemplary Compound (B-14)

[0280] A mixed solution of 4-iodotoluene (4.0 g), DAA-1'
(5.0 g), copper (II) sulfate pentahydrate (0.2 g), potassium
carbonate (1.3 g) and tridecane (15 ml) is stirred under a
nitrogen environment at 210° C. for 15 hours.

[0281] After the completion of the reaction, a solution of
potassium hydroxide (15.6 g) dissolved in ethylene glycol
(300 ml) is added, the resulting substance is heated and
refluxed under a stream of nitrogen for 3.5 hours, and then
cooled to room temperature (25° C.). The reaction solution is
poured into one liter of distilled water and neutralized by
hydrochloric acid so that crystals are precipitated. The crys-
tals are taken by suction filtration, washed with water, and
then moved to a 1 L flask. Toluene (500 ml) is added to the
crystals, the resulting substance is heated and refluxed, water
is removed by azeotropic removal, a methanol (300 ml) solu-
tion of concentrated sulfuric acid (1.5 ml) is added, and the
resulting substance is heated and refluxed under a stream of
nitrogen for 5 hours.

[0282] After cooling, the resulting substance is filtered with
celite by adding toluene, and the product obtained by distill-
ing away toluene is separated by silica gel column chromate
(hexane 2:toluene 1), whereby 3.3 g of TAA-3' is obtained.
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[0283] Next, TAA-3' (3.0 g) is dissolved in N,N-dimethyl-
formamide (5 ml), N-bromosuccinimide (1.5 g) is added, and
the mixture is stirred for 14 hours. After the reaction, the
product is extracted with toluene, and an organic phase is
washed with pure water. Next, after the organic phase is dried
with anhydrous sodium sulfate, TAA-4' (3.0 g) is obtained by
distilling away the solvent under a reduced pressure.

H;C

v / \

MeO,C

TAA-4
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[0284] Next, tetra(triphenylphosphine)palladium (0.06 g)

is dissolved in toluene (1 ml) in a 100 ml flask under a
nitrogen environment. Subsequently, TAA-4' (2.0 g), toluene
(3 ml), an aqueous solution of 1 M sodium hydrocarbon (4
ml), ethanol (2 ml) and 2,1,3-benzothiadizole-4,7-bis(bo-
ronic acid ester) (1.8 g) are sequentially added and refluxed
for 20 hours. After the completion of the reaction, the reaction
solution is filtered and washed with pure water, and dried with
sodium sulfate. The resulting substance is purified with col-
umn chromatography (toluene: ethyl acetate=10:1), whereby
1.4 g of a monomer compound (B-12) is obtained.

Pd(PPhy),
M Ncho3

Toluene/ EtOH
reflux, 14 hr
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Monomer Compound (B-12)

[0285] 1.0 g of the obtained monomer compound (B-12) is
put into a 50 ml three neck recovery flask together with 10 ml
of ethylene glycol and 0.02 g of titanium tetrabutoxide,
heated and stirred under a nitrogen environment at 200° C. for
5 hours.

[0286] After confirming by TLC that the monomer com-
pound (B-12), which is a raw material, reacts and disappears,
the resulting substance is heated to 210° C. at a pressure
reduced to 50 Pa while ethylene glycol is distilled away, and
the reaction continues for 8 hours.

[0287] After that, the resulting substance is cooled to room
temperature (25° C.), and dissolved in 50 ml of tetrahydrofu-
ran. The insoluble substance is filtered with a 0.5 pul polytet-
rafluoroethylene (PTFE) filter, the filtrate is distilled away
under a reduced pressure, the resulting substance is dissolved
in 300 ml of monochlorobenzene, and washed with in the

order of 300 ml of 1 N—HC] and 500 m] of water three times.
Up to 30 ml of the monochlorobenzene solution is distilled
away under a reduced pressure, the droplets are dropped in
800 ml of ethyl acetate/methanol=1/3, whereby the polymer
is reprecipitated.

[0288] After the obtained polymer is filtered and washed
with methanol, the polymer is vacuum-dried for 10 hours at
60° C., whereby 0.7 g of a polymer [the Exemplary Com-
pound (B-14)] is obtained.

[0289] As aresult of measuring the molecular weight of the
polymer using gel permeation chromatography (GPC)
(manufactured by Tosoh Corporation, HLC-8120GPC), the
weight-average molecular weight Mw=7.1x10% (styrene con-
version), Mw/Mn=2.25, and the degree of polymerization p
obtained from the molecular weight of the low-molecular
compound (the monomer compound), which is a raw mate-
rial, is 72.
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Synthesis Example 2-3
Synthesis of Exemplary Compound (B-15)

[0290] A mixed solution of 3-iodotoluene (4.0 g), DAA-1'
(5.0 g), copper (II) sulfate pentahydrate (0.2 g), potassium
carbonate (1.3 g) and tridecane (15 ml) is stirred under a
nitrogen environment at 210° C. for 18 hours.

[0291] After the completion of the reaction, a solution of
potassium hydroxide (15.6 g) dissolved in ethylene glycol
(300 ml) is added, the resulting substance is heated and
refluxed under a stream of nitrogen for 3.5 hours, and then
cooled to room temperature (25° C.). The reaction solution is
poured into one liter of distilled water and neutralized by
hydrochloric acid so that crystals are precipitated. The crys-
tals are taken by suction filtration, washed with water, and
then moved to a 1 L flask. Toluene (500 ml) is added to the
crystals, the resulting substance is heated and refluxed, water
is removed by azeotropic removal, a methanol (300 ml) solu-
tion of concentrated sulfuric acid (1.5 ml) is added, and the
resulting substance is heated and refluxed under a stream of
nitrogen for 5 hours.

[0292] After cooling, the resulting substance is filtered with
celite by adding toluene, and the product obtained by distill-
ing away toluene is separated by silica gel column chromate
(hexane 2:toluene 1), whereby 3.1 g of TAA-5' is obtained.

H;C

[\ NH—@—\_{cm

DAA-1'

l)Cu cat.

2)KOH
3)MeOH/H,S0,

o
Q%ﬂ)

-continued
H;C
: S:
ﬂ -

MeO,C

TAA-5'

[0293] Next, TAA-5' (3.0 g) is dissolved in N,N-dimethyl-
formamide (15 ml), N-bromosuccinimide (1.5 g) is added,
and the mixture is stirred for 18 hours. After the reaction, the
product is extracted with toluene, and an organic phase is
washed with pure water. Next, after the organic phase is dried
with anhydrous sodium sulfate, TAA-6' (3.0 g) is obtained by
distilling away the solvent under a reduced pressure.
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[0294] Next, tetra(triphenylphosphine)palladium (0.06 g)
is dissolved in toluene (1 ml) in a 100 ml flask under a
nitrogen environment. Subsequently, TPA-6' (2.0 g), toluene
(3 ml), an aqueous solution of 1 M sodium hydrocarbon (4
ml), ethanol (2 ml) and 2,1,3-benzothiadizole-4,7-bis(bo-
ronic acid ester) (1.8 g) are sequentially added and refluxed
for 15 hours. After the completion of the reaction, the reaction
solution is filtered and washed with pure water, and dried with
sodium sulfate. The resulting substance is purified with col-
umn chromatography (toluene: ethyl acetate=10:1), whereby
1.2 g of a monomer compound (B-13) is obtained.

Jul. 26,2012

[0295] 1.0 g of the obtained monomer compound (B-13) is
put into a 50 ml three neck recovery flask together with 10 ml
of ethylene glycol and 0.02 g of titanium tetrabutoxide,
heated and stirred under a nitrogen environment at 200° C. for
5 hours.

[0296] After confirming by TLC that the monomer com-
pound (B-13), which is a raw material, reacts and disappears,
the resulting substance is heated to 210° C. at a pressure
reduced to 50 Pa while ethylene glycol is distilled away, and
the reaction continues for 8 hours.

[0297] After that, the resulting substance is cooled to room
temperature (25° C.), and dissolved in 50 ml of tetrahydrofu-
ran. The insoluble substance is filtered with a 0.5 ul polytet-
rafluoroethylene (PTFE) filter, the filtrate is distilled away
under a reduced pressure, the resulting substance is dissolved
in 300 ml of monochlorobenzene, and washed with in the
order of 300 ml of 1 N—HC] and 500 m] of water three times.
Up to 30 ml of the monochlorobenzene solution is distilled
away under a reduced pressure, the droplets are dropped in
800 ml of ethyl acetate/methanol=1/3, whereby the polymer
is reprecipitated.

[0298] After the obtained polymer is filtered and washed
with methanol, the polymer is vacuum-dried for 10 hours at
60° C., whereby 0.5 g of a polymer [the Exemplary Com-
pound (B-15)] is obtained.

[0299] As aresult of measuring the molecular weight of the
polymer using gel permeation chromatography (GPC)
(manufactured by Tosoh Corporation, HLC-8120GPC), the
weight-average molecular weight Mw=4.5x10% (styrene con-
version), Mw/Mn=2.08, and the degree of polymerization p
obtained from the molecular weight of the low-molecular
compound (the monomer compound), which is a raw mate-
rial, is 46.
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Synthesis Example 2-4
Synthesis of Exemplary Compound (B-22)

[0300] A mixed solution of 1-iodonaphthalene (4.0 g),
DAA-1' (5.0 g), copper (II) sulfate pentahydrate (0.2 g),
potassium carbonate (1.3 g) and tridecane (15 ml) is stirred
under a nitrogen environment at 210° C. for 20 hours.

[0301] After the completion of the reaction, a solution of
potassium hydroxide (15.6 g) dissolved in ethylene glycol
(300 ml) is added, the resulting substance is heated and
refluxed under a stream of nitrogen for 3.5 hours, and then
cooled to room temperature (25° C.). The reaction solution is
poured into one liter of distilled water and neutralized by
hydrochloric acid so that crystals are precipitated. The crys-
tals are taken by suction filtration, washed with water, and
then moved to a 1 L flask. Toluene (500 ml) is added to the
crystals, the resulting substance is heated and refluxed, water
is removed by azeotropic removal, a methanol (300 ml) solu-
tion of concentrated sulfuric acid (1.5 ml) is added, and the
resulting substance is heated and refluxed under a stream of
nitrogen for 5 hours.

[0302] Aftercooling, the resulting substance is filtered with
celite by adding toluene, and the product obtained by distill-
ing away toluene is separated by silica gel column chromate
(hexane 2:toluene 1), whereby 3.4 g of TAA-7' is obtained.
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[0303] Next, TAA-7' (3.0 g) is dissolved in N,N-dimethyl-
formamide (5 ml), N-bromosuccinimide (1.3 g) is added, and
the mixture is stirred for 18 hours. After the reaction, the
product is extracted with toluene, and an organic phase is
washed with pure water. Next, after the organic phase is dried
with anhydrous sodium sulfate, TAA-8' (3.1 g) is obtained by
distilling away the solvent under a reduced pressure.

s

DMF

MeO,C

TAA-T'

0 G CH
/ \ HC O\ / © CHz
N Br + /B B\ 3
s HC o o CH;
HC N/ \N CHj
\S 7

MeO,C

TAA-8'
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[0304] Next, tetra(triphenylphosphine)palladium (0.06 g)
is dissolved in toluene (1 ml) in a 100 ml flask under a
nitrogen environment. Subsequently, TAA-8' (2.0 g), toluene
(3 ml), an aqueous solution of 1 N sodium hydrocarbon (4
ml), ethanol (2 ml) and 2,1,3-benzothiadizole-4,7-bis(bo-
ronic acid ester) (1.2 g) are sequentially added and refluxed
for 15 hours. After the completion of the reaction, the reaction
solution is filtered and washed with pure water, and dried with
sodium sulfate. The resulting substance is purified with col-
umn chromatography (toluene: ethyl acetate=10:1), whereby
1.1 g of a monomer compound (B-21) is obtained.

Pd(PPhs),
1M NaHCOj;

—_—
Toluene/EtOH
reflux, 14 hr
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[0305] 1.0 g of the obtained monomer compound (B-21) is
put into a 50 ml three neck recovery flask together with 10 ml
of ethylene glycol and 0.02 g of titanium tetrabutoxide,
heated and stirred under a nitrogen environment at 200° C. for
5 hours.

[0306] After confirming by TLC that the monomer com-
pound (B-21), which is a raw material, reacts and disappears,
the resulting substance is heated to 210° C. at a pressure
reduced to 50 Pa while ethylene glycol is distilled away, and
the reaction continues for 8 hours.

[0307] After that, the resulting substance is cooled to room
temperature (25° C.), and dissolved in 50 ml of tetrahydrofu-
ran. The insoluble substance is filtered with a 0.5 pul polytet-
rafluoroethylene (PTFE) filter, the filtrate is distilled away
under a reduced pressure, the resulting substance is dissolved
in 300 ml of monochlorobenzene, and washed with in the
order of 300 ml of 1 N—HCI and 500 ml of water three times.
Up to 30 ml of the monochlorobenzene solution is distilled
away under a reduced pressure, the droplets are dropped in
800 ml of ethyl acetate/methanol=1/3, whereby the polymer
is reprecipitated.

[0308] After the obtained polymer is filtered and washed
with methanol, the polymer is vacuum-dried for 16 hours at
60° C., whereby 0.7 g of a polymer [the Exemplary Com-
pound (B-22)] is obtained.

[0309] As aresult of measuring the molecular weight of the
polymer using gel permeation chromatography (GPC)
(manufactured by Tosoh Corporation, HLC-8120GPC), the
weight-average molecular weight Mw=6.7x10* (styrene con-
version), Mw/Mn=2.3, and the degree of polymerization p
obtained from the molecular weight of the low-molecular
compound (the monomer compound), which is a raw mate-
rial, is 63.

=
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Synthesis Example 2-5
Synthesis of Exemplary Compound (B-19)

[0310] A mixed solution of 3-bromobiphenyl (4.1 g),
DAA-1' (5.0 g), copper (II) sulfate pentahydrate (0.2 g),
potassium carbonate (1.3 g) and tridecane (15 ml) is stirred
under a nitrogen environment at 210° C. for 35 hours.
[0311] After the completion of the reaction, a solution of
potassium hydroxide (15.6 g) dissolved in ethylene glycol
(300 ml) is added, the resulting substance is heated and
refluxed under a stream of nitrogen for 3.5 hours, and then
cooled to room temperature (25° C.). The reaction solution is
poured into one liter of distilled water and neutralized by
hydrochloric acid so that crystals are precipitated. The crys-
tals are taken by suction filtration, washed with water, and
then moved to a 1 L flask. Toluene (500 ml) is added to the
crystals, the resulting substance is heated and refluxed, water
is removed by azeotropic removal, a methanol (300 ml) solu-
tion of concentrated sulfuric acid (1.5 ml) is added, and the
resulting substance is heated and refluxed under a stream of
nitrogen for 5 hours.

[0312] After cooling, the resulting substance is filtered with
celite by adding toluene, and the product obtained by distill-
ing away toluene is separated by silica gel column chromate
(hexane 2:toluene 1), whereby 4.1 g of TAA-9 is obtained.
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[0313] Next, TAA-9' (3.0 g) is dissolved in N,N-dimethyl-
formamide (5 ml), N-bromosuccinimide (1.4 g) is added, and
the mixture is stirred for 18 hours. After the reaction, the
product is extracted with toluene, and an organic phase is
washed with pure water. Next, after the organic phase is dried
with anhydrous sodium sulfate, TAA-10' (3.1 g) is obtained
by distilling away the solvent under a reduced pressure.
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[0314] Next, tetra(triphenylphosphine)palladium (0.06 g)
is dissolved in toluene (1 ml) in a 100 ml flask under a
nitrogen environment. Subsequently, TAA-10' (1.5 g), tolu-
ene (3 ml), an aqueous solution of 1 M sodium hydrocarbon
(4 ml), ethanol (2 ml) and 2,1,3-benzothiadizole-4,7-bis(bo-
ronic acid ester) (1.7 g) are sequentially added and refluxed
for 18 hours. After the completion of the reaction, the reaction
solution is filtered and washed with pure water, and dried with
sodium sulfate. The resulting substance is purified with col-
umn chromatography (toluene: ethyl acetate=10:1), whereby
1.6 g of a monomer compound (B-19) is obtained.
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[0315] 1.0 g of the obtained monomer compound (B-19) is order of 300 ml of 1 N—HCl and 500 ml of water three times.

put into a 50 ml three neck recovery flask together with 10 ml
of ethylene glycol and 0.02 g of titanium tetrabutoxide,
heated and stirred under a nitrogen environment at 200° C. for
5 hours.

[0316] After confirming by TLC that the monomer com-
pound (B-19), which is a raw material, reacts and disappears,
the resulting substance is heated to 210° C. at a pressure
reduced to 50 Pa while ethylene glycol is distilled away, and
the reaction continues for 6 hours.

[0317] After that, the resulting substance is cooled to room
temperature (25° C.), and dissolved in 50 ml of tetrahydrofu-
ran. The insoluble substance is filtered with a 0.5 pul polytet-
rafluoroethylene (PTFE) filter, the filtrate is distilled away
under a reduced pressure, the resulting substance is dissolved
in 300 ml of monochlorobenzene, and washed with in the

MeO,C

Y § )
N/\/\N

Up to 30 ml of the monochlorobenzene solution is distilled
away under a reduced pressure, the droplets are dropped in
800 ml of ethyl acetate/methanol=1/3, whereby the polymer
is reprecipitated.

[0318] After the obtained polymer is filtered and washed
with methanol, the polymer is vacuum-dried for 16 hours at
60° C., whereby 0.4 g of a polymer [the Exemplary Com-
pound (B-19] is obtained.

[0319] Asaresult of measuring the molecular weight of the
polymer using gel permeation chromatography (GPC)
(manufactured by Tosoh Corporation, HLC-8120GPC), the
weight-average molecular weight Mw=5.3x10" (styrene con-
version), Mw/Mn=2.18, and the degree of polymerization p
obtained from the molecular weight of the low-molecular
compound (the monomer compound), which is a raw mate-

rial, is 48.

CO,Me
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Synthesis Example 2-6
Synthesis of Exemplary Compound (B-25)

[0320] A mixed solution of 2-i0odo-9,9-dimethylfluorene
(5.6 g) DAA-1' (5.0 g), copper (1I) sulfate pentahydrate (0.2
g), potassium carbonate (1.3 g) and tridecane (15 ml) is stirred
under a nitrogen environment at 210° C. for 35 hours.

[0321] After the completion of the reaction, a solution of
potassium hydroxide (15.6 g) dissolved in ethylene glycol
(300 ml) is added, the resulting substance is heated and
refluxed under a stream of nitrogen for 3.5 hours, and then
cooled to room temperature (25° C.). The reaction solution is
poured into one liter of distilled water and neutralized by
hydrochloric acid so that crystals are precipitated. The crys-
tals are taken by suction filtration, washed with water, and
then moved to a 1 L flask. Toluene (500 ml) is added to the
crystals, the resulting substance is heated and refluxed, water
is removed by azeotropic removal, a methanol (300 ml) solu-
tion of concentrated sulfuric acid (1.5 ml) is added, and the
resulting substance is heated and refluxed under a stream of
nitrogen for 5 hours.

[0322] Aftercooling, the resulting substance is filtered with
celite by adding toluene, and the product obtained by distill-
ing away toluene is separated by silica gel column chromate
(hexane 2:toluene 1), whereby 3.0 g of TAA-11" is obtained.
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[0323] Next, TAA-11' (3.0 g) is dissolved in N,N-dimeth-
ylformamide (5 ml), N-bromosuccinimide (1.7 g) is added,
and the mixture is stirred for 25 hours. After the reaction, the
product is extracted with toluene, and an organic phase is
washed with pure water. Next, after the organic phase is dried
with anhydrous sodium sulfate, TAA-12' (3.0 g) is obtained
by distilling away the solvent under a reduced pressure.

MeO,C

TAA-11'

MeO,C

TAA-12'

[0324] Next, tetra(triphenylphosphine)palladium (0.06 g)
is dissolved in toluene (1 ml) in a 100 ml flask under a
nitrogen environment. Subsequently, TAA-12' (2.0 g), tolu-
ene (3 ml), an aqueous solution of 1 M sodium hydrocarbon
(4 ml), ethanol (2 ml) and 2,1,3-benzothiadizole-4,7-bis(bo-
ronic acid ester) (1.7 g) are sequentially added and refluxed
for 24 hours. After the completion of the reaction, the reaction
solution is filtered and washed with pure water, and dried with
sodium sulfate. The resulting substance is purified with col-
umn chromatography (toluene: ethyl acetate=10:1), whereby
1.9 g of a monomer compound (B-22) is obtained.
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[0325] 1.0 gof'the obtained monomer compound (B-22) is

put into a 50 ml three neck recovery flask together with 10 ml
of ethylene glycol and 0.02 g of titanium tetrabutoxide,
heated and stirred under a nitrogen environment at 200° C. for
5 hours.

[0326] After confirming by TLC that the monomer com-
pound (B-22), which is a raw material, reacts and disappears,
the resulting substance is heated to 210° C. at a pressure
reduced to 50 Pa while ethylene glycol is distilled away, and
the reaction continues for 6 hours.

[0327] After that, the resulting substance is cooled to room
temperature (25° C.), and dissolved in 50 ml of tetrahydrofu-
ran. The insoluble substance is filtered with a 0.5 ul polytet-
rafluoroethylene (PTFE) filter, the filtrate is distilled away
under a reduced pressure, the resulting substance is dissolved
in 300 ml of monochlorobenzene, and washed with in the
order of 300 ml of 1 N—HCI and 500 ml of water three times.

Up to 30 ml of the monochlorobenzene solution is distilled
away under a reduced pressure, the droplets are dropped in
800 ml of ethyl acetate/methanol=1/3, whereby the polymer
is reprecipitated.

[0328] After the obtained polymer is filtered and washed
with methanol, the polymer is vacuum-dried for 16 hours at
60° C., whereby 0.7 g of a polymer [the Exemplary Com-
pound (B-25)] is obtained.

[0329] Asaresult of measuring the molecular weight of the
polymer using gel permeation chromatography (GPC)
(manufactured by Tosoh Corporation, HLC-8120GPC), the
weight-average molecular weight Mw=7.0x10* (styrene con-
version), Mw/Mn=2.31, and the degree of polymerization p
obtained from the molecular weight of the low-molecular
compound (the monomer compound), which is a raw mate-
rial, is 59.
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Example 2-1

[0330] ITO (manufactured by Sanyo Vacuum Industries
Co., Ltd.) formed on a transparent insulating substrate is
patterned by photolithography using a strip photo mask, and,
furthermore, subjected to an etching treatment, thereby form-
ing a strip ITO electrode (width 2 mm). Next, the ITO glass
substrate is washed by adding an ultrasonic wave of each of a
neutral detergent, ultrapure water, acetone (for electronic
engineering, manufactured by Kanto Chemical Co. Inc.) and
isopropanol (for electronic engineering, manufactured by
Kanto Chemical Co., Inc.) for 5 minutes, and then dried with
a spin coater.

[0331] A 5% by mass monochlorobenzene solution of the
charge-transporting polyester [the Exemplary Compound
(B-10)] is prepared as a hole-transporting layer and filtered
using a 0.2 um PTFE filter, and a 0.050 pm-thick thin film is
formed on the substrate by the spin coater method. The Exem-
plary Compound (XV-1) is deposited as a light-emitting
material so as to form a 0.055 pm-thick light-emitting layer.
Subsequently, a metallic mask provided with strip holes is
installed, 0.0001 pm of LiF is deposited, subsequently, 0.150
wm of Alis deposited, thereby forming a 2 mm-wide and 0.15
um-thick rear surface electrode so as to intersect with the ITO
electrode. The effective area of the formed organic electrolu-
minescence element is 0.04 cm?.
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Example 2-2
[0332] A 10% by mass dichloroethane solution of one part

by mass of the charge-transporting polyester [the Exemplary
Compound (B-14)], 4 parts by mass of poly(N-vinyl carba-
zole) and 0.02 parts by mass of the Exemplary Compound
(XV-1) is prepared and filtered using a 0.2 um PTFE filter. A
0.15 pm-thick thin film is formed on a glass substrate on
which a strip ITO electrode is etched, washed and dried
according to Example 2-1 by the spin coater method using the
solution. After the thin film is sufficiently dried, a metallic
mask provided with strip holes is installed, 0.0001 um of LiF
is deposited, and, subsequently, 0.150 um of Al is deposited,
thereby forming a 2 mm-wide and 0.15 pum-thick rear surface
electrode so as to intersect with the ITO electrode. The effec-
tive area of the formed organic electroluminescence element
is 0.04 cm?.

Example 2-3

[0333] According to Example 2-1, a 0.050 um-thick hole-
transporting layer is formed on the ITO glass substrate which
is etched, washed, and dried according to Example 2-1 using
the charge-transporting polyester [the Exemplary Compound
(B-15)]. Next, a 0.065 um-thick layer is formed as a light-
emitting layer using a mixture (mass ratio: 99/1) of the Exem-
plary Compound (XV-1) and the Exemplary Compound
(XVI-1), and a 0.030 um-thick layer is formed as an electron-
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transporting layer using the Exemplary Compound (XV-9).
After the thin layers are sufficiently dried, a metallic mask
provided with strip holes is installed, 0.0001 um of LiF is
deposited, and, subsequently, 0.150 um of Al is deposited,
thereby forming a 2 mm-wide and 0.15 pm-thick rear surface
electrode so as to intersect with the ITO electrode. The effec-
tive area of the formed organic electroluminescence element
is 0.04 cm”.

Example 2-4

[0334] According to Example 2-1, a0.050 um-thick layeris
formed as a hole-transporting layer by the ink jet method (the
piezo ink jet method) on an ITO glass substrate which is
etched and washed according to Example 2-1 using the
charge-transporting polyester [the Exemplary Compound
(B-19)]. Next, a 0.065 um-thick layer of the Exemplary Com-
pound (XV-16, n=8, g=185) including 5% by mass of the
Exemplary Compound (XVI-5) (that is, a layer including 5%
by mass of the Exemplary Compound (XVI-5) and 95% by
mass of the Exemplary Compound XV-16) is formed as a
light-emitting layer by the spin coater method. After the thin
layers are sufficiently dried, 0.08 pm-thick Ca and 0.15 pm-
thick Al are deposited, and a 2 mm-wide and totally 0.23
um-thick rear surface electrode is formed so as to intersect
with the ITO electrode. The effective area of the formed
organic electroluminescence element is 0.04 cm?.

Example 2-5

[0335] An organic electroluminescence element is manu-
factured according to Example 2-2 except that the charge-
transporting polyester [the Exemplary Compound (B-19)] is
used instead of the charge-transporting polyester [the Exem-
plary Compound (B-14)] that is used in Example 2-2.

Example 2-6

[0336] An organic electroluminescence element is manu-
factured according to Example 2-2 except that the charge-
transporting polyester [the Exemplary Compound (B-22)] is
used instead of the charge-transporting polyester [the Exem-
plary Compound (B-14)] that is used in Example 2-2.

Example 2-7

[0337] A 1.5% by mass dichloroethane solution of the
charge-transporting polyester [the Exemplary Compound

&
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(B-25)] is prepared and filtered using a 0.2 um PTFE filter. A
0.05 pm-thick thin film is formed on the ITO glass substrate
which is etched, washed and dried according to Example 2-1
by the ink jet method using the solution. Next, a 0.050 um-
thick light-emitting layer (a layer including 5% by mass of the
Exemplary Compound (XVI-5) and 95% by mass of the
Exemplary Compound XV-16) is formed by the spin coat
method using the Exemplary Compound (XV-16, n=8,
£=185) including 5% by mass of the Exemplary Compound
(XVI-5) as a light-emitting material. After the thin layer is
sufficiently dried, 0.08 pm-thick Ca and 0.15 pm-thick Al are
deposited, and a 2 mm-wide and totally 0.23 pm-thick rear
surface electrode is formed so as to intersect with the ITO
electrode. The effective area of the formed organic electrolu-
minescence element is 0.04 cm>.

Example 2-8

[0338] A 0.050 um-thick layer of the Exemplary Com-
pound (XV-16, n=8, g=185) is formed on the ITO glass sub-
strate which is etched, washed and dried according to
Example 2-1 as a light-emitting layer. A 1.5% by mass dichlo-
roethane solution of the charge-transporting polyester [the
Exemplary Compound (B-10)] is prepared and filtered using
a 0.2 uM PTFE filter. A 0.015 pm-thick electron-transporting
layer is formed on the light-emitting layer by the spin coater
method using the solution. After the layer is sufficiently dried,
0.0001 um of LIF is deposited using a metallic mask provided
with strip holes, and, subsequently, 0.150 um of Al is depos-
ited, thereby forming a 2 mm-wide and 0.15 pm-thick rear
surface electrode so as to intersect with the ITO electrode.
The effective area of the formed organic electroluminescence
element is 0.04 cm?.

Comparative Example 2-1

[0339] An organic EL element is manufactured according
to Example 2-2 except that a compound having the structure
represented by the following structural formula (XVII') (end
group: H) is used instead of the charge-transporting polyester
[the Exemplary Compound (B-14)] that is used in Example
2-2.

(XVIT')

J
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Comparative Example 2-2

[0340] A 10% by mass dichloroethane solution is prepared
by mixing 2 parts by mass of polyvinyl carbazole (PVK) as a
charge-transporting polymer, 0.1 parts by mass of the Exem-
plary Compound (XV-1) as a light-emitting material, and one
part by mass of the compound (XV-9) as an electron-trans-
porting material, and filtered using a 0.2 pm PTFE filter. This
solution is coated by the dip method so as to form a 0.15
um-thick hole-transporting layer on a glass substrate formed
by etching a 2 mm-wide strip ITO electrode. After the layer is
sufficiently dried, 0.0001 pm of LiF is deposited using a
metallic mask provided with strip holes, and, subsequently,
0.150 um of Al is deposited, thereby forming a 2 mm-wide
and 0.15 pm-thick rear surface electrode so as to intersect
with the ITO electrode. The effective area of the formed
organic electroluminescence element is 0.04 cm”.

/
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Comparative Example 2-3

[0341] A 10% by mass dichloroethane solution is prepared
by mixing 2 parts by mass of a compound (weight-average
molecular weight: 5.1x10% end group: H) having the struc-
ture represented by the following structural formula (XVIIT')
as a charge-transporting polymer, 0.1 parts by mass of the
Exemplary Compound (XV-1) as a light-emitting material,
and one part by mass of the compound (XV-9) as an electron-
transporting material, and filtered using a 0.1 pum PTFE filter.
This solution is coated by the dip method so as to form a 0.15
um-thick hole-transporting layer on a glass substrate on
which a 2 mm-wide strip ITO electrode is formed by etching.
After the layer is sufficiently dried, 0.0001 pm of LiF is
deposited using a metallic mask provided with strip holes,
and, subsequently, 0.150 um of Al is deposited, thereby form-
ing a 2 mm-wide and 0.15 pm-thick rear surface electrode so
as to intersect with the ITO electrode. The effective area of the
formed organic electroluminescence element is 0.04 cm?.

(XVIIT')

/S\N

Comparative Example 2-4

[0342] An organic EL element is manufactured according
to Example 2-1 except that a compound having the structure
represented by the following structural formula (XIX')
(weight-average molecular weight: 1.1x10°, end group: H) is
used instead of the charge-transporting polyester [the Exem-
plary Compound (5-10)] that is used in Example 2-1.

(XIX')

N/ \N
\S/
¢} ¢} O>—
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[0343] Measurement of the organic EL elements manufac-
tured in the above ways is carried out by applying a direct
voltage in dried nitrogen with the ITO electrode side used as
plus and the rear surface electrode used as minus.

[0344] The light-emitting durability is evaluated using a
relative time when the driving time at which the luminescence
of the element of Comparative Example 1 (initial luminance
Ly: 1000 cd/m?) becomes 0.5 of luminance L/initial lumi-
nance L, is set to 1.0 when the initial luminance at room
temperature (25° C.) in the direct driving manner (DC driv-
ing) is set to 1000 cd/m?, and a voltage increase fraction
(=voltage/initial driving voltage) when the luminescence of
the element becomes 0.5 of luminance [/initial luminance L.
The results are shown in Table 17.

TABLE 17

Voltage increase Relative time

(@L/Ly=0.5) (L/Ly=0.5)
Example 2-1 1.12 1.85
Example 2-2 1.15 1.55
Example 2-3 1.18 1.63
Example 2-4 1.20 1.72
Example 2-5 1.21 1.58
Example 2-6 1.18 1.51
Example 2-7 1.14 145
Example 2-8 1.20 1.46
Comparative Example 2-1 1.32 1.00
Comparative Example 2-2 1.25 1.15
Comparative Example 2-3 1.30 1.20
Comparative Example 2-4 1.25 1.35

[0345] It is found from the above results that the light-
emitting durability of the organic electroluminescence ele-
ments in which the charge-transporting polyesters of the
examples are used is better than that of the organic electrolu-
minescence elements in which the charge-transporting poly-
esters of the comparative examples are used.

[0346] Meanwhile, while all of the examples show
examples in which the end group (that is, R in formula (1)) is
a hydrogen atom, it is found that the same or better charac-
teristics (light-emitting durability) are obtained as long as the
structure is the same except the end group even when the end
group is a substituent group other than a hydrogen atom as
shown, for example, in the examples of JP2005-158561A.
[0347] The foregoing description of the exemplary
embodiments of the present invention has been provided for
the purposes of illustration and description. It is not intended
to be exhaustive or to limit the invention to the precise forms
disclosed. Obviously, many modifications and variations will
be apparent to practitioners skilled in the art. The embodi-
ments were chosen and described in order to best explain the
principles of the invention and its practical applications,
thereby enabling others skilled in the art to understand the
invention for various embodiments and with the various
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modifications as are suited to the particular use contemplated.
It is intended that the scope of the invention be defined by the
following claims and their equivalents.

What is claimed is:

1. An organic electroluminescence element comprising:

a pair of electrodes composed of a positive electrode and a
negative electrode, one of which is transparent or semi-
transparent; and

one or more organic compound layers that are sandwiched
between the pair of electrodes, in which at least one layer
of the organic compound layers contains one or more of
charge-transporting polyesters represented by the fol-
lowing formula (I):

@

RI—O—Y!—09— ﬁ—Al—ﬁ—(-o—YZ-)WO R?
o] 0
P

in formula (I), A" represents a group selected from a structure
shown by the following formula (I1),Y" and Y each indepen-
dently represents a substituted or unsubstituted divalent
hydrocarbon group, m1 and m2 each independently repre-
sents an integer of 1 to 5, and p represents an integer of 5 to
5000. R' and R? each independently represents a hydrogen
atom, an alkyl group, a substituted or unsubstituted aryl
group, or a substituted or unsubstituted aralkyl group,

(an

/\, /' \
= ey

in formula (II), Ar' and Ar* each independently represents a
substituted or unsubstituted phenyl group, a substituted or
unsubstituted monovalent polynuclear aromatic hydrocarbon
group having an aromatic ring number of 2, a substituted or
unsubstituted monovalent condensed aromatic hydrocarbon
group having an aromatic ring number of 2 or 3, or a substi-
tuted or unsubstituted monovalent aromatic heterocycle
group, j1 and j2 each independently represents 0 or 1, T* and
T? each independently represents a divalent straight-chain
hydrocarbon group having a carbon number of 1 to 6 or a
divalent branched-chain hydrocarbon group having a carbon
number of 2 to 10, and X represents a group selected from the
following formula (I1I-1) and the following formula (I1I-2),

(1)

Q U 1@@[} (/8\3 Q
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-continued

(I11-2)

[N /7 \_ [\ /\
s s N/

N/ \N

\S/

in formula (III-1), q1 and g2 each independently represents O
or 1.
2. The organic electroluminescence element according to
claim 1,
wherein the organic compound layers include a light-emit-
ting layer, and at least one layer of an electron-transport-
ing layer and an electron-injecting layer; and at least one
layer selected from the light-emitting layer, the electron-
transporting layer, and the electron-injecting layer con-
tains one or more of charge-transporting polyesters rep-
resented by formula (I).
3. The organic electroluminescence element according to
claim 1,
wherein the organic compound layers include a light-emit-
ting layer, and at least one layer of a hole-transporting
layer and a hole-injecting layer; and at least one layer
selected from the light-emitting layer, the hole-trans-
porting layer, and the hole-injecting layer contains one
or more of charge-transporting polyesters represented
by formula (I).
4. The organic electroluminescence element according to
claim 1,
wherein the organic compound layers include a light-emit-
ting layer, at least one layer of a hole-transporting layer
and a hole-injecting layer, and at least one layer of an
electron-transporting layer and an electron-injecting
layer; and at least one layer selected from the light-
emitting layer, the hole-transporting layer, the hole-in-
jecting layer, the electron-transporting layer, and the
electron-injecting layer contains one or more of charge-
transporting polyesters represented by formula (I).
5. The organic electroluminescence element according to
claim 1,

wherein the organic compound layer is composed of only a
light-emitting layer having a charge-transporting func-
tion; and the light-emitting layer having a charge-trans-
porting function contains one or more of charge-trans-
porting polyesters represented by formula (I).

6. The organic electroluminescence element according to

claim 1,

wherein p in formula (I) is in a range of about 10 to about
1000.

7. The organic electroluminescence element according to

claim 1,

wherein the weight-average molecular weight of the
charge-transporting polyester is in a range of about
10,000 to about 100,000.

8. The organic electroluminescence element according to

claim 1,

wherein the glass transition temperature of the charge-
transporting polyester is in a range of about 60° C. to
about 300° C.

9. A display medium, comprising the organic electrolumi-
nescence elements according to claim 1 arranged in a matrix
shape or in a segment shape.

10. A display medium, comprising the organic electrolu-
minescence elements according to claim 2 arranged in a
matrix shape or in a segment shape.

11. A display medium, comprising the organic electrolu-
minescence elements according to claim 3 arranged in a
matrix shape or in a segment shape.

12. A display medium, comprising the organic electrolu-
minescence elements according to claim 4 arranged in a
matrix shape or in a segment shape.

* * #* ok %



patsnap

TREMOF) BNBEBEXTHEMERNR
[F(RE)E US20120187384A1 K (aH)A 2012-07-26
BRiES US13/222746 % A 2011-08-31

FRIEB(ERP)A(R) ELREEHRASH4
i (E R AGR) E+H#EKCO. , LTD.
LR EBRFERIRAGE) ELMEKRCO., LTD.

[FRIRBAA HIROSE HIDEKAZU
AGATA TAKESHI
SATO KATSUHIRO

KBAAN HIROSE, HIDEKAZU
AGATA, TAKESHI
SATO, KATSUHIRO

IPCH S HO1L27/32 HO1L51/54

CPCH¥%S HO1L51/0035 HO1L51/004 HO1L51/0051 HO1L51/0081 HO1L51/5092 HO1L51/5012 HO1L51/5056
HO01L51/5072 HO1L51/0085

k54X 2011011330 2011-01-21 JP
2011012353 2011-01-24 JP

H AN FF Sk US8664645
SNERaE Espacenet USPTO
BEGE) 7

BNEBRXATHEE HEBRMABRARN - BIR , Ep—1

RS AR Aams-—xenzaw—rasanan T T /////////§ ;

B, EFEL-BEILENESE —RHHASHBERN (1) RROBHE

AN

v

/ T~

~ |



https://share-analytics.zhihuiya.com/view/4d82d50c-9e30-484e-a6ab-0fcc6b2a0ac0
https://worldwide.espacenet.com/patent/search/family/046543514/publication/US2012187384A1?q=US2012187384A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220120187384%22.PGNR.&OS=DN/20120187384&RS=DN/20120187384

