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DESCRIPTION
Title of Invention
ELECTROCHROMIC COMPOUND, ELECTROCHROMIC
COMPOSITION, DISPLAY ELEMENT, AND DIMMING

ELEMENT

Technical Field

The present invention relates to an electrochromic
compound, which exhibits black as colored, an electrochromic
composition, and a display element and a dimming element each
using the electfochromic compound or the electrochromic

composition.

Background Art

As for an electronic medium replacing paper, developments
of electronic paper have been recently actively carried oﬁt.

The electronic paper has characteristics that the display
device thereof is used like paper, and therefore requires
properties different from conventional display devices, such as
CRT and LCD. For example, required properties thereof are
being a reflective display device as well as having high white
reflectance and high contrast ratio, being able to display with
high definition, giving the display a memory function, being
driuven at low voltage, being thin and light, and being inexpensive.

Among them, as properties associated with a quality of a display,
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particularly white reflectivity and contrast ratio close to that of
paper are highly demanded.

Previously, as for a display device for use as electronic
paper, for example, proposed are a system using reflecting liquid
crystals, a system using electrophoresi‘s, a system using toner
migration, and the like. Among them, a mainstream is an
electrophoresis system, and the electrophoresis éystem has been
currently widely used in electronic paper on a market. In this
system, however, it is particularly difficult to provide high white
reflectance. It has been known that the white reflectance
provided by this system is low, i.e., about 40%, whereas the value
thereof of paper is 80%, and the value thereof of news paper is
60%. Therefore, to provide high white reflectance is a large task
for this system.

As for a promising technology for solving the
aforementioned problem and realizing a reflecting display device,
there is a system using electrochromic phenomenon. The
phenomenon whéré, as voltage 1s applied, an oxidation-reduction
reaction is reversibly caused depending on the polarity to thereby
reversibly change color is called electrochromism. A display
device utilizing coloring/discoloring (may also referred to as
coloring and discoloring hereinafter) of the electrochromism is an
electrochromic display device. Since this electrochromic display
device is a reflecting display device, has a memory effect, and can

be driven at low voltage, researches and developments of
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electrochromic devices have been widely conducted from a
development of materials and designing of devices, as a
promising option for a display device technology for electronic
paper. It has been confirmed that white reflectance achieved
by this method, i.e. 60%, is substantially the same value to that
of paper (PTL 1).

An electrochromic display device is a system that can solve
the majority of the aforementioned problemvs. The
electrochromic compound use(i in a monochrome display element
disclosedﬂ in PTL 2, which is produced using the electrochromic
system, presents a color, which is slightly tinted with yellow, in a
discolored state, and high Whife reflectance, which is one of
characteristics of the electrochromic system, has not been

achieved.

Citation List

Patent Literature

PTL 1: Japanese Application Laid-Open (JP-A) No.
2006-267829

PTL 2: JP-A No. 2011-102287

Summary of Invention
Technical Problem
The present invention aims to provide an electrochromic

compound, which exhibits a black color when colored, and is
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colorless without having an absorption band when discolored, an
electrochromic composition (an electrochromic composition where
the electrochromic compound i1s bonded or adsorbed to an
electroconductive or semiconductive\nanostructure), a display
element, which uses the electrochromic compound or
electrochromic composition, and has high white reflectance, and
high contrast, and a dimming element having high transmittance,

and high contrast.

Solution to Problem
The present inventors have diligently conducted
researches, and come to an insight that the aforementioned
problems can be solved by using an electrochromic compound
having a certain structure. Based upon the insight, the present
invention has been accomplished.
The electrochromic compound of the present invention is

represented by the following general formula (I):

X

=
/

General Formula (I)
where X1 to X4 are each a substituent represented by the
following general formula (II), an alkyl group that may contain a

functional group, an aromatic hydrocarbon group that may
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contain a functional group, or a hydrogen atom, and at least two
selected from X1 to X4 are the substituents represented by the

general formula (IT):

General Formula (II)
where R; to Rs are each independently a hydrogen atom, or
a monovalent group that may contain a substituent; B is a |
substituted or unsubstituted monovalent group that may contain
a functional group; A" is a monovalent anion; and m is any of 0 to
3, and Ri1 to Rs, B, and m may each independently be different
when a plurality of the substituents represented by the general

formula (II) are present.

Advantageous Effects of Invention
The present invention can provide an electrochromic
compound or an electrochromic composition, which exhibits a
black color when colored, and is colorless without having an

absorption band when discolored.

Brief Description of Drawings
FIG. 1 is a schematic diagram illustrating an example of a

structure of a typical display element using the electrochromic
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compound of the present invention.

FIG. 2 is a schematic diagram illustrating an example of a
structure of a typical display element ﬁsing the electrochromic
composition of the present invention.

FIG. 3 is a schematic diagram 1illustrating an example of a
structure of a typical dimming element using the electrochromic
composition of the present invention.

FIG. 4 is a diagram depicting absorption spectra of the
discolored state and colored state of the display electrode with
the electrochromic display layer produced in Example 1, where A
denotes the absorption spectrum of the compound of Example 1 in
the colored state, and B denotes the absorption spectrum of the
compound of Example 1 in the discolored state.

FIG. 5 is a diagram depicting absorption spectra of the
discolored state of the electrochromic display element produced
in Example 1 and the electrochromic display element in
Comparative Example 1, where A denotes the absorption
spectrum of the compound df'Comparative Example 1in the
discolored state, and B denotes the absorption spectrum of the
compound of Example 1 in the discolored state.

FIG. 6 is a diagram depicting a comparison in a color value
between the electrochromic display element produced in Example
1 and the electrochromic display element in Comparative
Example 1, where A denotes the color value of the compound of

Example 1 in the discolored state, B.denotes the color value of the
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compound of Example 1 in the colored state, C denotes the color
value of the compound of Comparative Example 1 in the
discolored state, and D denotes the color value of the compound of
Comparative Example 1 in the colored state.

FIG. 7 is a diagram depicting absorption spectra of the
discolored state and colored state of the display electrode with
the electrochromic display layer produced in Example 3, where A
denotes the absorption spectrum of the coinpound of Example 3 in
the discolored state, and B denotes the absorption spectrum of
the compound of Example 3 in the colored state.

FIG. 8 is a diagram depicting absorption spectra of the
discolored state and colored state of the display electrode with
the electrochromic display layer produced in Example 4, where A
denotes the absorption spectrum of the compound of Example 4 in
the discolored state, and B denotes the absorption spectrum of
the compound of Example 4 in the colored state.

FIG. 9 1s a diagram deﬁicting absorption spectra of the
discolored state and colored state of the display electrode with
the electrochromic display layer produced in Example 5, where A
denotes the absorption spectrum of the compound of Example 5 in
the discolored state, and B denotes the absorption spectrum of
the compound of Example 5 in the colored state.

FIG. 10 is a diagram depicting absorption spectra of the
discolored state and colored state of the display electrode with

the electrochromic display layer produced in Example 6, where A
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denotes the absorption spectrum of the compound of Example 6 in
the discolored state, and B denotes the absorption spectrum of
the compound of Example 6 in the colored state.

FIG. 11 is. a diagram depicting absorption spectra of the
discolored state and colored state of the display electrode with
the electrochromic display layer produced i.n Example 7, where A
denotes the absorption spectrum of the compound of Example 7 in
the discolored state, and B denotes the absorption spectrum of
the compound of Example 7 in the colored state.

FIG. 12 is a diagram depicting absorption spectra of the
discolored state and colored state of the display electrode with
the electrochromic display layer produced in Example 8, where A
denotes the absorption spectrum of the compound of Example 8 in
the discolored state, and B denotes the absorption spectrum of
the compound of Example 8 in the colored state.

FIG. 13 is a diagram depicting absorption spectra of the
discolored state and colored state of the display electrode with
the electrochromic display layer pvroduced in Example 9, where A
denotes the absorption spectrum of the compound of Example 9 in
the discolored state, and B denotes the absorption spectrum of
the compound of Example 9 in the colored state.

FIG. 14 is a diagram depicting absorption spectra of the
discolored state and colored state of the display electrode with
the electrochromic display layer produced in Example 10, where A

denotes the absorption spectrum of the compound of Example 10
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in the discolored state, and B denotes the absorption spectrum of
the compound of Example 10 in the colored state.

FIG. 15 is a diagram depicting absorption spectra of the
discolored state and colored state of the display electrode with
the electrochromic display layer produced in Example 11, where A
denotes the absorption spectrum of the compound of Example 11
in the discolored state, and B denotes the absorption spectrum of
the compound of Example 11 in the colored state.

FIG. 16 is a diagram depicting absorption spectra of the
discolored state and colored state of the display electrode with
the electrochromic display layer produced in Exampie 12, where A
denotes the absorption spectrum of the compound of Example 12
in the discolored state, and B denotes the absorption spectrum of
the compound of Example 12bin the colored state.

FIG. 17 is a diagram depicting absorption spectra of the
discolored state and colored state of the display electrode with
the electrochromic display layer produced in Example 13, where A
denotes the absorption spectrum of the compeund of Example 13
in the discolored state, and B denotes the absorption spectrum of
the compound of Example 13 in the colored state.

FIG. 18 is a diagram depicting absorption spectra of the
discolored state and colored state of the display electrode with
the electrochromic display layer produced in Example 14, where A
denotes the absorption spectrum of the compound of Example 14

in the discolored state, and B denotes the absorption spectrum of
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the compound of Example 14 i1n the colored state.

FIG. 19 1s a diagram depicﬁng absorption spectra of the
discolored state and colored state of the display electrode with
the electrochromic display layer produced in Example 15, where A
denotes the absorption spectrum of the compound of Example 15
in the discolored state, and B denotes the absorption spectrum of
the compound of Example 15 in the colored state.

FIG. 20 is a diagram depicting absorption spectra of the
discolored state and éolored state of the display electrode with
the electrochromic display layer produced in Example 16, where A
denotes the absorption spectrum of the compound of Example 16
in the discolored state, and B denotes the absorption spectrum of
the compound of Example 16 in the colored state.

FIG. 21 is a diagram depicting absorption spectra of the
discolored state and colored state of the display electrode with
the electrochromic display layer produced in Example 17, where A
denotes the absorption spectrum of the compound of Example 17
in the colored state, and B denotes the absorption spectrum of the
compound of Example 17 in the discolored state.

FIG. 22 is a diagram depicting absorption spectra of the
discolored state and colored state of the display electrode with
the electrochromic display layer produced in Example 18, where A
denotes the absorption spectrum of the compound of Example 18
in the discolored state, and B denotes the absorption spectrum of
the compound of Example 18 in the colored state.

3
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FIG. 23 is a diagram depicting absorption spectra ot the
discolored state of the electrochromic display element produced
in Example 18 and the electrochromic display element in
Comparative Example 1, where A denotes the absorption
spectrum of the compound of Example 18 in the discolored state,
and B denotes the absorption spectrum of the compound of
Comparative Example 1 in the discolored state.

FIG. 24 1s a diagram depicting a comparison in a color
value .between the electrochromic display élément produced in
Example 18 and the electrochromic display element in
Comparative Example 1, where A denotes the color value of the
compound of Example 18 in the discolored state, B denotes the
color value of the compound of Comparative Example 1 in the
discolored state, C denotes the color value of the compound of
Example 18 in the colored state, and D denotes the color value of
the compound of Comparative Example 1 in the colored state.

FIG. 25 is a diagram depicting absorption spectra of the
discolored state and colored state of the display electrode with
the electrochromic display layer produced in Example 20, where A |
denotes the absorption spectrum of the compound of Example 20
in the discolored state, and B denotes the absorption spectrum of

the compound of Example 20 in the colored state.

Description of Embodiments

(Electrochromic Compound)

11
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In the first embodiment, the electrochromic compound ot
the present invention 1s represented by the following general

formula (I):

5 General Formula (I)
where X1 to X4 are each a substituent represented by the
following general formula (II), an alkyl grdup that may contain a
functional group, an aromatic hydrocarbon group that may
contain a functional group, or a hydrogen atom, and at least two
10 selected from X; to X4 are the substituents represented by the

general formula (II):

General Formula (II)
where R; to Rg are each independently a hydrogen atom, or
15 a monovalent group that may contain a substituent; B is a
substituted or unsubstituted monovalent group that may contain
a functional group; A" is a mbnovalent anion; and m is any of O to
3, and R: to Rs, B, and m may each independently be different

when a plurality of the substituents represented by the general

12
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formula (II) are present.
These electrochromic compounds include those having

structures represented by the following general formulae (VI) to

(XID):

s
Rg Ry
R, He
Rq 2

General Formula (VI)
In the general formula (VI), R1 to R7, B, and m each denote

the same as in the general formula (II).

13
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General Formula (VII)
In the general formula (VII), R: to R7, B, and m each
denote the same as in the general formula (II), and X; denotes the

same as in the general formula (I).

;: i 8
&i m?
R Ra
NS
/ |
XJ vz
R '1 @ % 5
SCer
K Ry Fag i
R g‘“5 A
Rs Re

General Formula (VIII)
In the general formula (VIII) above, R1 to R7, B, and m
each denote the same as in the general formula (II), and X; and Xs

each denote the same as in the general formula (I).

14
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General Formula (IX)
In the general formula (IX) above, Ri to R7, B, and m each
“denote the same as in the general formula (II), and X; and Xz each

denote the same as in the general formula (I).

General Formula (X)
In the general formula (X), R; to R7, B, and m each denote

the same as in the general formula (II), and X4 denotes the same

15
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as in the general formula (I).

General Formula (XI)

5 General Formula (XII)

In the formulae above, R: to R7, B, and m each denote the
same as in the general formula (II), and X2 and X4 each denote the
same as in the general formula (I).

Examples of the monovalent group represented by each of

10 Ri to Rs in the general formula (II) include a monovalent group

16
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selected from the group consisting of a hydrogen atom, a halogen
atom, a hydroxyl group, a nitro group, a cyano group, a carboxyl
group, a carbonyl group, an amide group, an aminocarbonyl group,
a sulfonic acid group, a sulfonyl group, a sulfonamide group, an
aminosulfonyl group, an amino group, an alkyl group, an alkenyl
group, an alkynyl group, an aryl group, an alkoxy group, an
aryloxy group, an alkylthio group, an arylthio group, and a
heterocyclic group. These monovalent groups may have a
substituent. Moreover, examples of the monovalent group
represented with B include a monovalent group selected from the
group consisting of an alkyl group, an alkenyl group, an alkynyl
group, and an aryl group, which may have a functional group.
These monovalent groups may have a substituent. A" represents
a monovalent anion.

Examples of the carbonyl group, which may have a
substituent, include an alkoxy carbonyl group, an aryloxy
carbonyl group, an alkyl carbonyl group, and an aryl carbonyl
group. Examples of the aminocarbonyl group, which may have a
substituent, include a monoalkyl aminocarbonyl group, a dialkyl
aminocarbonyl group, a monoaryl aminocarbonyl group, and a
diaryl aminocarbonyl group. Examples of the sulfonyl group,
which may have a substituent, incllude an alkoxy sulfonyl group,
an aryloxy sulfonyl group, an alkyl sulfonyl group, and an aryl
sulfonyl group. .Examples of the aminosulfonyl group, which

may have a substituent, include a monoalkyl aminosulfonyl group,

17
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a dialkyl aminosulfonyl group, a monoaryl aminosuirony! group,
and a diaryl aminosulfonyl group. Examples of the amino group,
which may have a substituent, include a monoalkyl amino group,

and a dialkyl amino group. These monovalent groups may

further have a substituent.

Specifically, examples of the monovalent gfoups
represented with R; to Rs in the general formula (II) include a
hydrogen atom, a halogen atom, a hydroxyl group, a nitro group,
a cyano group, a cafboxyl group, a substituted or unsubstituted
alkoxy carbonyl group, a substituted or unsubstituted aryloxy
carbonyl group, a substituted or unsubstituted alkyl carbonyl
group, a substituted or unsubstituted aryl carbonyl group, an
amide group, a substituted or unsubstituted monoalkyl
aminocarbonyl group, a substituted or unsubstituted dialkyl
aminocarbonyl group, a substituted or unsubstituted monoaryl
aminocarbonyl group, a substituted or unsubstituted diaryl
aminocarbonyl group, a sulfonic acid group, a substituted or
unsubstituted alkoxy sulfonyl group, a substituted or
unsubstituted aryloxy sulfonyl group, a substituted or
unsﬁbstituted alkyl sulfonyl group, a substituted or
unsubstituted aryl sulfonyl group, a sulfonamide group, a
substituted or unsubstituted monoalkyl aminosulfonyl group, a
substituted or unsubstituted dialkyl aminosulfonyl group, a
substituted or unsubstituted monoaryl aminosulfonyl group, a

substituted or unsubstituted diaryl aminosulfonyl group, an

18



10

15

20

25

WO 2014/208775 PCT/JP2014/067725

amino group, a substituted or unsubstituted monoalkyl amino
group, a substituted or unsubstituted dialkyl amino group, a
substituted or unsubstituted alkyl group, a substituted or
unsubstituted alkenyl group, a substituted or unsubstituted
alkynyl group, a substituted or unsubstituted aryl group, a
substituted or unsubstituted alkoxy group, a substituted or
unsubstituted aryloxy group, a substituted or unsubstituted
alkylthio group, a substituted or unsubstituted arylthio group,
and a substituted or unsubstituted heterocyclic group.

Examples of the monovalent group represented with B
include an alkyl group that may have a functional group, an
alkenyl group that may have a functional group, an alkynyl group
that may have a functional group, and an aryl group that may
have a functional group.

These monovalent groups may have a substituent.
Moreover, A" is a monovalent anion, and is not particularly
limited as long as it stably forms a pair with a cation site, but
preferred is Br ion (Br’), Cl ion (Cl), C104 ion (C10.4'), PF¢ ion
(PFs), or BEs ion (BF,). |

Owing to the monovalent groups of R1 to Rs, solubility to a
solvent is provided to an electrochromic compound, and therefore
a production process of an element becomes easy.

Note that, in the electrochromic compound of the present
invention, R; to Rs and B are preferably selected so that the

general formula (I) forms a symmetric structure, in view of
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easiness of synthesis and improvement in stabaility.
In the first embodiment, moreover, the electrochromic
compound of the present invention may be represented by the

following general formula (III), (IV), or (V).

General Formula (III)

In the general formula (III), X3 is a hydrogen atom or a
monovalenf group that may have a substituent; Ri; to R3; are
each independently a hydrogen atom or a monovalent group that

10 may have a substituent; B; and Bz are each independently a
substituted or unsubstituted monovalent group that may have a
functional group; and A1  and A2 are each independently a
monovalent anion.

(5) Electrochromic compound represented by the general formula

15 (IV) or the general formula (V)

20
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General Formula (V)

In the general formulae (IV) and (V), X3 is a hydrogen atom
or a substituted or unsubstituted monovalent group; Ri1 to Ra:
are each independently a hydrogen atom or a substituted or
unsubstituted monovalent group; Bi and B2 are each
independently a substituted or unsubstituted aliphatic
hydrocarbon group or aromatic hydrocarbon group, which may
have a functional group; A1  and A2 are each a monovalent
anion; m and n are each independently 1, 2, or 3; and Yis a
bivalent organic group, which contains at least one methylene
group, and may further contain a substituted or unsubstituted

aliphatic hydrocarbon group or aromatic hydrocarbon group.
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The monovalent group rep‘resented with X3 and the
monovalent groups represented with Ri: to R;l in the general
formula (III) are each independently a monovalent group selected
from the group consisﬁng of a hydrogen atom, a halogen atom, a
hydroxyl group, a nitro group, a cyano group, a carboxyl group, a
carbonyl group, an amide group, an aminocarbonyl group, a
sulfonic acid group, a sulfonyl group, a sulfonamide group, an
aminosulfonyl group, an amino group, an alkyl group, an alkenyl
group, an alkynyl group, an aryl groﬁp, an alkoxy group, an
aryloxy group, an alkylthio group, an arylthio group, and a
heterocyclic group. These monovalent groups may each have a
substituent. The monovalent groups represented with R; and Re
are each independently a monovalent group selected from the
group consisting of an alkyl group, an alkenyl group, an alkynyl
group, and an aryl group, which may have a functional group.
These monovalent groups may have a substituent. Al and A2-
are each independently a monovalent anion.

Examples of the carbonyl group, which may have a
substituent, include an alkoxy carbonyl group, an aryloxy
carbonyl group, an alkyl carbonyl group, and an aryl carbonyl
group. Examples of the aminocarbonyl group, which may have a
substituent, include a monoalkyl aminocarbonyl group, a dialkyl
aminocarbonyl group, a monoaryl aminocarbonyl group, and
diaryl aminocarbonyl group. Examples of the sulfonyl group,

which may have a substituent, include an alkoxy sulfonyl group,
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an aryloxy sulfonyl group, an alkyl sulfonyl group, and an aryl
sulfonyl group. Examples of the aminosulfonyl group, which
may have a substituent, include a monoalkyl aminosulfonyl group,
a dialkyl aminosulfonyl group, a monoaryl aminosulfonyl group,
and diaryl aminosulfonyl group. Examples of the amino group
include a monoalkyl amino group, and dialkyl amino group.
These monovalent groups may further have a substituent.
Specifically, examples of the monovalent group
represented with X3 and the monovalent groups represented with
R11 to Rs1 in the general formula (III) include a hydrogen atom, a
halogen atom, a hydroxyl group, a nitro group, a cyano group, a
carboxyl group, a substituted or unsubstituted alkoxy carbonyl
group, a substituted or unsubstituted aryloxy carbonyl group, a
substituted or unsubstituted alkyl carbonyl group, a substituted
or unsubstituted aryl carbonyl group, an amide group, a
substituted or unsubstituted monoalkyl aminocarbonyl group, a
substituted or unsubstituted dialkyl aminocarbonyl group, a
substituted or unsubstituted monoaryl aminocarbonyl group, a
substituted or unsubstituted diéryl aminocarbonyl group, a
sulfonic acid group, a substituted or unsubstituted alkoxy
sulfonyl group, a substituted or unsubstituted aryloxy sulfonyl
group, a substituted or unsubstituted alkyl sulfonyl group, a
substituted or unsubstituted aryl sulfonyl group, a sulfonamide
group, a substituted or unsubstituted monoalkyl aminosulfonyl

group, a substituted or unsubstituted dialkyl aminosulfonyl
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group, a substituted or unsubstituted monoaryl aminosulfonyl
group, a substituted or unsubstituted diaryl aminosulfonyl group,
an amino group, a substituted or unsubstituted monoalkyl amino
group, a substituted or unsubstituted dialkyl, a substituted or
unsubstituted alkyl group, a substituted or unsubstituted alkenyl
group, a substituted or unsubstituted alkynyl group, a
substituted or unsubstituted aryl group, a substituted or
unsubstituted alkoxy group, a substituted or unsubstituted
aryloxy group, a substituted or unsubstituted alkylthio group, a
substituted or unsubstituted arylthio group, and a substituted or
unsubstituted heterocyclic group.

The monovalent groups represented with R; and Rz are
each independently an alkyl group that may have a functional
group, an alkenyl group that may have a functional group, an
alkynyl group that may have a functional group, or an aryl group
that may have a functional group. These monovalent groups
may have a substituent. Moreover, A1l  and A2 are each
independently a monovalent anion. The monovalent anion is not
particularly limited, provided that it stably forms a pair with a
cation site, but preferred is Br ion (Br’), Cl ion (Cl’), C104 ion
(C104), PF¢ ion (PF¢’), or BF4 ion (BFy).

Owing to the monovalent groups of X3, and Ri1 to Rss,
solubility to a solvent is provided to an electrochromic compound,
and therefore a production process of an element becomes easy.

Note that, in the electrochromic compound of the present
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invention, the monovalent group X3, Ri1 to Rs1, and B (B1, B2) are
preferably selected so that the general formula (III) forms a
symmetric structure, in view of easiness of synthesis and
improvement in stability.

Specific examples of the monovalent groups represented
with X3 and Ri1 to Rs1 in the general formulae (IV) and (V) are the
same as the examples of the monovalent groups répresented with
X3 and Ri11 to Rs1 in the general formula (III). Moreover, specific
examples of B (B;, B2) in the general formulae (IV) and (V) are the
same as the examples of B (B1, B2) in the general formula (III).
Furthermore, the anions represented with A1, A2, A3", and A4
are the same as the anions A1 and A2  in the general formula
(I11).

Specific examples of the electrochromic compound of the
present invention are listed as the following structural formulae
(1) to (72), but the electrochromic compound of the present
invention is not limited to fhese structural formulae.

Electrochromic Compound (1)

Structuxjal Formula (1)
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Electrochromic Compound (2)

Cl e

Structural Formula (2)

Electrochromic Compound (3)

Structﬁral Formula (3)

Electrochromic Compound (4)
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R

Structural Formula (4)

Electrochromic Compound (5)

Hﬁ.§ s

H

! .
Structural Formula (5)

Electrochromic Compound (6)
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Structural Formula (6)

Electrochromic Compound (7)

Structural Formula (7)

Electrochromic Compound (8)
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Structural Formula (8)

Electrochromic Compound (9)

Structural Formula (8)

Electrochromic Compound (10)
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Structural Formula (10)

Electrochromic Compound (11)

Structural Formula (11)

Electrochromic Compound (12)
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Structural Formula (12)

Electrochromic Compound (13)

Structural Formula (13)

Electrochromic Compound (14)
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Electrochromic Compound (15)
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Structural Formula (14)

Electrochromic Compound (16)

Structural Formula (15)

Electrochromic Compound (17)

Structural Formula (16)
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Structural Formula (17)

Electrochromic Compound (18)

Structural Formula (18)

Electrochromic Compound (19)

Structural Formula (19)

10
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Electrochromic Compound (20)

™~
- N{_/\%&l‘l

Structural Formula (20)

Electrochromic Compound (21)

Structural Formula (21)

Electrochromic Compound (22)

Structural Formula (22)
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Electrochromic Compound (23)
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Structural Formula (23)

5 Electrochromic Compound (24)
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Structural Formula (24)

Electrochromic Compound (25)

10 Structural Formula (25)
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Electrochromic Compound (26)

Structural Formula (26)

Electrochromic Compound (27)

Structural Formula (27)

Electrochromic Compound (28)

Structural Formula (28)

10 Electrochromic Compound (29)
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Structural Formula (29)

Electrochromic Compound (30)

Structural Formula (30)

Electrochromic Compound (31)
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Structural Formula (31)

Electrochromic Compound (32)

G,

Structural Formula (32)

Electrochromic Compound (33)
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28

Structural Formula (33)

Electrochromic Compound (34)

Structural Formula (34)

Electrochromic Compound (35)
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Structural Formula (35)

Electrochromic Compound (36)

[ W5

Structural Formula (36)

Electrochromic Compound (37)
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Structural Formula (37)

Electrochromic Compound (38)

1
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Structural Formula (38)

Electrochromic Compound (39)

Structural Formula (39)

Electrochromic Compound (40)
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Structural Formula (40)

Electrochromic Compound (41)
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Structural Formula (41)

Electrochromic Compound (42)

for B0,

Structural Formula (42)

Electrochromic Compound (43)
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Structural Formula (43)

Electrochromic Compound (44)

Structural Formula (44)

Electrochromic Compound (45)

Structural Formula (45)

Electrochromic Compound (46)
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Structural Formula (46)

Electrochromic Compound (47)

Structural Formula (47)

Electrochromic Compound (48)
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Structural Formula (48)

Electrochromic Compound (49)
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5 Structural Formula (49)

Electrochromic Compound (50)
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Structural Formula (50)

Electrochromic Compound (51)
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Structural Formula (51)

Electrochromic Compound (52)

Structural Formula (52)

5 Electrochromic Compound (53)
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Structural Formula (53)

Electrochromic Compound (54)

Q.

Structural Formula (54)

5 Electrochromic Compound (55)

Structural Formula (55)

Electrochromic Compound (56)
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Structural Formula (56)

Electrochromic Compound (57)

PO(OH),

Structural Formula (57)

Electrochromic Compound (58)
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48r

Structural Formula (58)

Electrochromic Compound (59)

Structural Formula (59)

Electrochromic Compound (60)

48r

Structural Formula (60)

Electrochromic Compound (61)

49



WO 2014/208775 : PCT/JP2014/067725

48r°

% o o~
i) g
o D \,U@} Ch L

Structural Formula (61)

Electrochromic Compound (62)
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Structural Formula (62)

Electrochromic Compound (63)
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Structural Formula (63)

Electrochromic Compound (64)
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Structural Formula (64)

Electrochromic Compound (65)

5 Structural Formula (65)

Electrochromic Compound (66)

Structural Formula (66)

Electrochromic Compound (67)
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Structural Formula (67)
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5 Structural Formula (68)
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Structural Formula (69)

Electrochromic Compound (70)
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Structural Formula (70)
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Electrochromic Compound (71)
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Structural Formula (71)

Electrochromic Compound (72)

4Br

Structural Formula (72)

Electrochromic Compound (73)

Structural Formula (73)

10 Electrochromic Compound (74)
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Structural Formula (74)
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5 Structural Formula (75)
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Structural Formula (76)

Electrochromic Compound (76)
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Structural Formula (77)
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Electrochromic Compound (78)

Structural Formula (78)
Electrochromic Compound (79)

POIOH),

Structural Formula (79)

Electrochromic Compound (80)
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Structural Formula (80)

Next, a production method of the electrochromic compound
of the present invention, which is represented by the general
formula (III), is explained.

A method for synthesizing the electrochromic compound of
the present invention is not particularly limited, and the |
electrochromic compound can be synthesized by various
conventional coupling methods. In the case where the
electrochromic compound represented by the general formula
(I11) is synthesized, one example of the synthesis method is a
method where enone synthesized through aldol condensation and
amidine are allowed to react to form a pyridine ring, followed by
introducing the pyridine ring through an aryl-aryl coupling
reaction, such as Suzuki coupling, and finally heating is
performed in the presence of a halogenated product to quaternize

the terminal pyridine.
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In the case where the electrochromic compound
represented by the general formula (IV) is obtained, a
quaternization reaction is performed using about 0.5-fold moles

5 of a bifunctional compound, such as dihalogenated product to
dimerize, and agaiin, a quaternization reaction of a terminal
pyridine ring is performed.

In the second embodiment, the electrochromic compound of
the present invention is represented by the following general

10 formula (Ia):

General Formula (Ia)
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A General Formula (Ila)

In the general formula (Ia), at least two of X1, X2, and X3
have a structure represented by the general formula (IIa). In
the case where two of them have a structure represented by the
general formula (IIa), the rest, X1, Xz, or X3 is an aliphatic |
hydrocarbon group that may contain a functional group, an
aromatic hydrocarbon group that may contain a functional group,
or a hydrogen atom. Y to Ys are each independently a hydrogen
atom, or a monovalent group that may have a substituent. Risa
substituted or unsubstituted monovalent group that may have a
functional group. m is any of 0 to 3. A" is a monovalent anion.
The structures of Yi to Ys, m, and A- in the general formula (IIa)
that is any of X1, X2, or X3 of the general formula (Ia) may be each
independently different.

The monovalent groups represented with Y1 to Ys in the
general formula (Ila) are each independently a monovalent group
selected from the group consisting of a hydrogen atom, a halogen
atom, a hydroxyl group, a nitro group, a cyano group, a carboxyl
group, a carbonyl group, an amide group, an aminocarbonyl group,
a sulfonic acid group, a sulfonyl group, a sulfonamide group, an
aminosulfonyl group, an amino group, an alkyl group, an alkenyl

group, an alkynyl group, an aryl group, an alkoxy group, an
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aryloxy group, an alkylthio group, an arylthio group, and a
heterocyclic group. These monovalent groups may have a
substituent. Moreover, the monovalent group represented with
R is a monovalent group selected from the group consisting of an
alkyl group, an alkenyl group, an alkynyl group, and an aryl
group, which may have a functional group. These monovalent
groups may have a substituent. Examples of the carbonyl group,
whi_ch may have a substituent, include an alkoxy carbonyl group,
an aryloxy carbonyl group, an alkyl carbonyl group, and an aryl

carbonyl group. Examples of the aminocarbonyl group, which

may have a substituent, include a monoalkyl aminocarbonyl

group, a dialkyl aminocarbonyl group, a monoaryl aminocarbonyl
group, and a diaryl aminocarbonyl group. Examples of the
sulfonyl group, which may have a substituent, include an alkoxy
sulfonyl group, an aryloxy sulfonyl group, an alkyl sulfonyl group,
and an aryl sulfonyl group. Examples of the aminosulfonyl
group, which may have a substituent, include a monoalkyl
aminosulfonyl group, a dialkyl aminosulfonyl group, a monoaryl
aminosulfonyl group, and é diaryl aminosulfonyl group.
Examples of the amino group, which may have a substituent,
include a monoalkyl amino group, and a dialkyl amino group.
Specifically, examples of the monovalent groups
represented with Y to Ys in the general formula (ITa) include a
hydrogen atom, a halogen atom, a hydroxyl group, a nitro groub,

a cyano group, a carboxyl group, a substituted or unsubstituted
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alkoxy carbonyl group, a substituted or unsubstituted aryloxy
carbonyl group, a substituted or unsubstituted alkyl carbonyl
group, a substituted or unsubstituted aryl carbonyl group, an
amide group, a substituted or unsubstituted monoalkyl
aminocarbonyl group, a substituted or unsubstituted
dialkylaminocarbonyl group, a substituted or unsubstituted
monoarylaminocarbonyl group, a substituted or unsubstituted
diarylam:inocarbonyl group, a sulfonic acid group, a substituted
or unsubstituted alkoxysulfonyl group, a substituted or
unsubstituted aryloxysulfonyl group, a substituted or
unsubstituted alkylsulfonyl group, a substituted or
unsubstituted arylsulfonyl group, a sulfone amide group, a
substituted or unéubstituted monoalkylaminosulfonyl group, a
substituted or unsubstituted dialkylaminosulfonyi group, a
substituted or unsubstituted monoarylaminosulfonyl group, a
substituted or unsubstituted diarylaminosulfonyl group, an
amino group, a substituted or unsubstituted monoalkylamino
group, a substituted or unsubstituted dialkylamino group, a
substituted or unsubstituted alkyl group, a éubstituted or
unsubstituted alkenyl group, a substituted or unsubstituted |
alkynyl group, a substituted or unsubstituted aryl group, a
substituted or unsubstituted alkoxy group, a substituted or
unsubstituted aryloxy group, a substituted or unsubstituted
alkylthio group, a substituted or unsubstituted arylthio group,

and a substituted or unsubstituted heterocyclic group.
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Examples of the monovalent group represented with B include an
alkyl group that may have a functional group, an alkenyl group
that may have a functional group, an alkynyl group that may
have a functional group, and an aryl group that may have a
functional group. These monovalent groups may have a
substituent.

Owing to the monovalent groups of Y: to Ys, solubility to a
solvent is provided to an electrochromic compound, and therefore
a production process of an element becomes easy. On the other -
hand, these groups may loyver stability, such as heat resistance
and light resistance. Therefore, preferred is a hydro‘gen atom, a
halogen atom, or a substituent having 6 or fewer carbon atoms.

A" 1s a monovalent anion, and is not particularly limited as
long as it stably forms é pair with a cation site, but preferred is
Br ion (Br’), Cl ion (CI), ClO4 ion (Cl1047), PFs ion (PFs), BF,4 ion
(BFy), or trifluoromethane sulfonate ion (CF3SO3°).

The electrochromic compound of the present invention has
a structure where two or three of Xi to X3 of the general formula
(I) are each a structure represented by the general formula (II).
The electrochromic compound colors in black in the cases where
two of X1 to X3 of the general formula (I) are each a structure
represented by the general formula (II), or three of them. The
case where two of X; to X3 of the general formula (I) are each a
structure represented by the general formula (II) is preferable,

because a resulting electrochromic compound has high solubility,
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and therefore a production process of an element becomes easy.

The electrochromic compound of the present invention
preferably contains a functional group capable of directly or
indirectly bonding to a hydroxyl group. A structure of the
functional group capable of directly or indirectly bonding to a
hydroxyl group is not limited, as long as it is a functional group
capable of directly or indirectly bonding to a hydroxyl group
through a hydrogen bond, abs‘orptiqn, or a chemical reaction.
Preferred examples thereof include: a phosphonic acid group; a
phosphoric acid group; a silyl group (or a silanol group), such as a
trichlorosilyl group, a trialkoxysilyl group, a monochlorosilyl
group, and a monoalkoxysilyl group; and a carboxyl group. The
trialkoxy silyl group is preferably a triethoxysilyl grdup, a
trimethoxysilyl group. Among them, particularly preferred are
a phosphonic acid group or a silyl group (a trialkoxysilyl group or
a trihydroxysilyl group) having a strong bonding force to an
electroconductive or semiconductive nano structure.

The position of the fﬁn’ctional group capable of directly or
indirectly bonding to a hydroxyl group is most preferably the side
of R in the general formula (ITa). In the structure where a group
represented by the general formula (IIa) are introduced in two
selected from X;, Xz, and X3 in the general formula (Ia), moreover,
the functional group capable of flirectly or indirectly bonding to a
hydrogen group may be introduced in the remaining of X, X2, and

X3. Of course, not only one, but also two or three functional
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groups each capable of directly or indirectly bonding to a
hydroxyl group may be introduced.

Specific examples of the electrochromic compound of the
present invention according to the second embodiment are listed
as the following structural formulae (3) to (29), but the

electrochromic compound of the present invention is not limited

to these structural formulae.

Structural Formula (4)
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Structural Formula (5)

Structural Formula (7)

64



WO 2014/208775 PCT/JP2014/067725

fi
H v{’\i;ﬂ 7 3B /’Q\kfgv’km
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Structural Formula (17)
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Structural Formula (20)
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Structural Formula (26)
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Structural Formula (27)

Structural Formula (29)

Moreover, the electrochromic composition of the present
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invention contains an electroconductive or semiconductive nano
structure, to which the electrochromic compound of the present
invention [the electrochromic compound represented by the
general formula (I), (Ia), (I11), (IV), or (V)] is adsorbed.

The electrochromic composition of the present invention
colors in black when used in an electrochromic display element,
and has excellent memdry of an image, and excellent color image
retaining properties. Note that, the electroconductive or
semiconductive nanostructure is nano particles, a nano porous
structure, or a structure having nano-scale irregularities.

In the case where B, or B, or the both have a functional
group capable of directly or indirectly bonding to a hydroxyl
group, the electrochromic compound is easily form a composite
with the nanostructure to form an electrochromic composition
having excellent color image retention properties, for example,
when the electrochromic compound of the present invention
contains a sulfonic acid group, a phosphorous acid group (a
phosphonic acid group), a phosphoric acid group, or a carboxyl
group (a carboxylic acid group), as a bonding or adsorbing
structure. The electrochromic compround may contain a
plurality of the aforementioned sulfonic acid group, phosphorous
acid group, phosphoric acid group, or carboxyl group. When the
electrochromic compound of the present invention contains a silyl
group or a silanol group, moreover, the electrochromic compound

1s bonded to the nanostructure via a siloxane bond, which is a
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solid bonding, and therefore a stable electrochromic composition
is attained. In the present specification, the siloxane bond is a
chemical bond formed through a silicon atom and oxygen atoms.
Moreover, a bonding method or embodiment of the electrochromic
composition is not particularly limited as long as the
electrochromic composition has a étructure where the
electrochromic compound and the nanostructure are bonded
through a siloxane bond.

As for a material for constituting the electroconductive or
semiconductive nanostructure, metal oxide is preferable in view
of transparency and electroconductivity. Examples of the metal
oxide include metal oxide containing, as a main component,
titanium oxide, zinc oxide, tin oxide, zirconium oxide, cerium
oxide, yttrium oxide, boron oxide, magnesium oxide, strontium
titanate, potassium titanate, barium titariate, calcium titanate,
calcium oxide, ferrite, hafnium oxide, tungsten oxide, iron oxide,
copper oxide, nickel oxide, cobalt oxide, barium oxide, strontiﬁm
oxide, vanadium oxide, aluminosilicate, calcium phosphate, or
aminosilicate. These metal oxides may be used alone, or in
combination as a mixture.

Considering electric properties, such as electric
conductivity, and physical properties, such as optical properties,
excellent coloring-discoloring response speed is achieved when at
least ‘one metal oxide selected from the group consisting of

titanium oxide, zinc oxide, tin oxide, zirconium oxide, iron oxide,

73



10

15

20

25

WO 2014/208775 PCT/JP2014/067725

magnesium oxide, indium oxide, and tungsten oxide, or a mixture
thereof is used. Especially when titanium oxide is used,
excellent coloring-discoloring response speed is attained.

As for a shape of the metal oxide, metal oxide particles
having the average primary particle diameter of 30 nm or smaller
are preferable. Use of the smaller particle diameter thereof
improves transmittance of light to the metal oxide, and realizes
use of a shape having a large surface area per unit (referred to as
“specific surface area” hereinafter). Use of the metal oxide
having a large specific surface area can more efficiently bear the
electrochromic compound thereon, which realizes monochrome
display having excellent display contrast of coloring and
discoloring. The specific surface area of the nanostructure is not
particularly limited, but for example, the specific surface area
thereof is 100 m?2/g or greater.

| Next, the display element of the present invention is
explained.

The display element of the present invention contains a
display electrode, a counter electrode provided facing the display
electrode with a space therebetween, and an electrolyte provided
between the both electrodes. A display layer containing the
electrochromic compound represented by the general formula (I),
(I1D), (IV), or (V) is provided on a surface of the display electrode
facing the counter electrode.

FIG. 1 illustrates an example of a structure of a typical
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display element using the electrochromic compound of the
present invention. As illustrated in FIG. 1, the display element
10 of the present invention contains a display electrode 1, a
counter electrode 2 provided facing the display electrode 1 with a
space therebetween, and an electrolyte 3, which is provided
between both electrodes (the display electrode 1 and the counter
electrode 2), and contains at least the electrochromic compound
(organic electrochromic compound) 4 of the present invention
dissolved therein. In this display element, the electrochromic
compound colors and discolors through an oxidization reduction
reaction only at surface of the electrode.

FIG. 2 illustrates another example of a structure of a
typical display element using the electrochromic compound of the
present invention.

The display element 20 of the present invention contains a
display electrode 1, a counter electrode 2 provided facing the
display electrode 1 with a space therebetween, and an electrolyte
3 provided between both electrodes (the display electrode 1 and
the counter electrode 2). A display layer 5 containing at least
the electrochromic composition 4a of the present invention is
provided on a surface of the display electrode 1. Moreover, a
white reflective layer 6 composed of white particles is provided a
surface of the counter electrode 2 at the side of the display
electrode 1.

As for the electrochromic compound in the electrochromic
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composition of the present invention, an electrochromic
compound having, in a molecular structure thereof, a functional
group (absorption group) capable of directly or indirectly bonding
to a hydroxyl group, so-called a linking group, is used. The
linking group is bonded to the electroconductive or
semiconductive nanostructure, to thereby form an electrochromic
composition. Then, the electrochromic compositions are
provided on the display electrode 1 in the form of a layer, to
thereby form a display layer 5.

Materials used in the electrochromic display elements 10
and 20 in accordance with the embodiments of the present
invention are explained hereinafter.

As for a material for constituting the display electrode 1, a
transparent electroconductive substrate is preferably used. The
transparent electroconductive substrate is glass or a plastic film
coated with a transparent electroconductive thin film.

The transparent electroconductive thin film material is
not particularly limited, provided that it is a material having
electroconductivity, but a transparent electroconductive material
that is transparent and has excellent electroconductivity, as it is
necessary to secure transmittance of light. Use of the
aforementioned material can enhance visibility of color to be
colored.

As for the transparent electroconductive material, an

inorganic material, such as tin-doped indium oxide (abbrev.: ITO),
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fluorine-doped tin oxide (abbrev.: FTO), and antimony-doped tin
oxide (abbrev.: ATO), cah be used. Particularly preferred is an
inorganic material containing at least one selected from the
group consisting of indium oxide (referred to as In oxide
hereinafter), tin oxide (referred to as Sn oxide hereinafter), and
zinc oxide (referred to as Zn oxide hereinafter). The In oxide, Sn
oxide and Zn oxide are materials, which can be easily formed into
a film by sputtering, and give excellent transparency and
electroconductivify. Moreover, particularly preferavble materials
are InSnO, GaZnO, SnO, In203, and ZnO.

Examples of a material for constituting a display substrate
(no reference number is provided), to which the display electrode
1 is provided, include glass, and plastic. In the case where a
plastic film is used as the display substrate, a light and flexible
display element can be produced.

As for the counter electrode 2, a transparent
electroconductive film (e.g., ITO, FTO, and zinc oxide), an
electroconductive metal film (e.g., zinc, and platinum), or carbon
1s used. The counter electrode 2 is fypically formed on the |
counter substrate (reference number is not provided). The
counter electrode substrate is also preferably glass or a plastic
film. In the case where a metal plate, such as titanium, and zinc,
is used as the counter electrode 2, the counter electrode 2 also
functions as a substrate.

In the case where a material for constituting the counter
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electrode 2 contains a material that induces a reverse reaction to
the oxidation reduction reaction carried out by the electrochromic
composition of the display layer, coloring and discoloring are
performed stably. In the case where the electrochromic
composition colors as a result of oxidation, specifically, a
reduction reaction is carried out.

In the case where the electrochromic composition colors as
a result of reduction, use of a material that induces an oxidation
reaction as the counter electrode 2 stabilize a coloring and
discoloring reaction performed in the display layer 5 containing
the electrochromic composition.

As for a material constituting the electrolyte 3, a solvent,
in which a supporting electrolyte is dissolved, 1s typically used.

As for the supporting electrolyte, for example, a |
supporting electrolyte of an inorganic ion salt (e.g., alkali metal
salt, and alkali earth metal salt), quaternary ammonium salt,
acid, or alkali can be used. Specific examples thereof include
LiClOy4, LiBF4, LiAsFe, LiPFg, CF3SO3Li, CF3COOLi, KCl, NaClOs,
NaCl, NaBF, NaSCN, KBF4, Mg(ClO4)z, and Mg(BF4)s.

As for the solvent, moreover, usable are propylene
carbonate, acetonitrile, y-butyrolactone, ethylene carbonate,
sulfolane, dioxolane, tetrahydrofuran, 2-methyltetrahydrofuran,
dimethylsulfoxide, 1,2-dimethoxyethane,
1,2-ethoxymethoxyethane, polyethylene glycol, and alcohol.

As the electrolyte is not particularly limited to a fluid
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electrolyte in which a supporting electrolyte is dissolved in a
solvent, a gel electrolyte, or a solid electrolyte, such as a polymer
electrolyte can be also used. Examples of the solid electrolyte
include a perfluorosulfonic acid-based polymer membrane. The
solution electrolyte has an advantage that it has high ion
conductivity, and the solid electrolyte is suitable for producing an
element that does not deteriorate and has high durability.

In the case where the display element of the present
invention is used as a reflecting display elemenf, moreover, it is
preferred that a white reflective layer 6 be provided between the
display electrode 1 and counter eléctrode 2, as illustrated in FIG.
2. As for the formation of the white reflective layer 6, the
simplest production method thereof is dispersing white pigment
particles in a revsin, and applying the resultant onto the counter
electrode 2..

As for the white pigment particles, particles formed of
typical metal oxide can be used. Specific examples» thereof
include titanium oxide, aluminum oxide, zinc oxide, silicon oxide,
cesium oxide, and yttrium oxide. Moreover, the electrolyte can
be also functioned as a white reflecting layer by mixing the white
pigment particles with a polymer electrolyte.

As for a driving method of the display elements 10 and 20,
any method may be used as long as the predetermined voltage
and current can be applied. Use of a passive driving system can

produce an inexpensive display element. Moreover, use of an
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active driving system can perform display of high definition and
high speed. The active driving can be easily realized by
providing active driving elements on the counter substrate.

Another example of a structure of typical display element
using the electrochromic compound of thé present invention is
depicted in FIG. 3.

The dimming element 30 of this example contains a display
electrode 1, a counter electrode 2 provided to face the display
elevctrode 1 with a space therebetween, and an électrolyte 3
provided between both electrodes (the display electrode 1 and the
counter electrode 2). A display layer 5 containing at least the
electrochromic composition 4a of the present invention is
provided in the electrolyte 3 at the side of the surface of the
display electrode 1.

In this display element, the electrochromic compound
colors and discolors through an oxidation reduction reaction only
at a surface of the electrode. The transparency of the entire
element is important for the dimming element.

As for the electrochromic compound in the electrochromic
composition of the present invention, an electrochromic
compound having, in a molecular structure thereof, a functional
group (abs.orption group) capable of directly or indirectly bonding
to a hydroxyl group, so-called a linking group, is used. The
linking group is bonded to the electroconductive or

semiconductive nanostructure, to thereby form an electrochromic
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composition. Then, the electrochromic compositions are
provided on the display electrode 1 in the form of a layer, to
thereby form a display layer 5.

Materials used for the electrochromic dimming element 30
in accordance with the embodiment of the present invention are
explained hereinafter.

As for a material for constituting the display electrode 1, it
is important that a transparent electroconductiye substrate is
used. As for the ‘transparent electrocvonductive substrate,
preferred is glass or a plastic film coated with a transparent
electroconductive thin film

A material of the transparent electroconductive thin film
is not particularly limited as long as it is a material having
electroconductivity. In order to secure light transmittance,
however, a transparent electroconductive material, which is
transparent and has excellent electroconductivity, is used. Use
of the transparent electroconductive material can enhance
visibility of a color to be colored.

As for the transparent electroconductive material, an
inorganic material, such as tin-doped indium oxide (abbrev.: ITO),
fluorine-doped tin oxide (abbrev.: FTO), and antimony-doped tin
oxide (abbrev.: ATO), can be used. Particularly preferred is an
inorganic material containing at least one selected from the
group consisting of indium oxide (referred to as In oxide

hereinafter), tin oxide (referred to as Sn oxide hereinafter), and
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zinc oxide (referred to as Zn oxide hereinafter). The In oxide, Sn
oxide and Zn oxide are materials, which can be easily formed into
a film by sputtering, and give excellent transparency and
electroconductivity.  Moreover, particularly preferable
materials are InSnO, GaZnO, SnO, In203, and ZnO.

Examples of a material for constituting a display substrate
(no reference number is provided), to which the display electrode

11s provided, include glass and plastic. Use of a plastic film as a

: display substrate can produce a light and flexible display

element.

Similarly to the display electrode 1, it is alsvo important
that a transparent electroconductive substrate is used for the
counter electrode 2. The transparent electroconductive
substrate 1s preferably glass or a plastic film coated with a
transparent electroconductive thin film.

A material of the transparent electroconductive thin film
of the counter electrode 2 is not particularly limited as long as it
is a material having electroconductivity. In order to secure light
transmittance, however, a transpareﬁt electroconductive
material, which 1s transparent and has excellent
electroconductivity, is used. Use of the transparent
electroconductive material can enhance visibility of a color to be
colored.

As for the transparent electroconductive material, an

inorganic material, such as tin-doped indium oxide (abbrev.: ITO),
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fluorine-doped tin oxide (abbrev.: FTO), and antimony-doped tin
oxide (abbrev.: ATO), can be used. Particularly preferred is an
inorganic material containing at least one selected from the
group consisting of indium oxide (referred to as In oxide
hereinafter), tin oxide (referred to as Sn oxide hereinafter), and
zinc oxide (referred to as Zn oxide hereinafter). The In oxide, Sn
oxide and Zn oxide are materials, which can be easily formed into
a film by sputtering, and give excellent transparency and
electroconductivity. Moreover, particularly preferable materials
are InSnO, GaZnO, SnO, In203, and ZnO.

Similarly to the display electrode 1, examples of a display
substrate (no reference number is provided), to which the counter
electrode 2 is provided, include glass, and plastic. In the case
where a pl-astic film is used as the display substrate, a light and
flexible display element can be produced.

In the case where a material for constituting the counter
electrode 2 contains a material that induces a reverse reaction to
the oxidation reduction reaction carried out by the electrochromic
composition of the display layer, coloring and discoloring are
performed stably. Specifically, when a material that induces a
reduction reaction if the electrochromic composition colors as a
result of oxidation, or a material that induces an oxidation
reaction if the electrochromic composition colors as a result of
reduction, is used as the counter electrode 2, a coloring and

discoloring reaction is stably performed in the display layer 5
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containing the electrochromic composition.

As for a material constituting the electrolyte 3, a solvent,
in which a supporting electrolyte is dissolved, is typically used.
In case of a dimming element, particularly, the electrolyte 3
needs to be colorless and transparent.

As for the supporting electrolyte, for example, a
supporting electrolyte of an inorganic ion salt (e.g., alkali metal
salt, and alkali earth metal salt), quaternary ammonium salt,
acid, or alkali can be used. Specific examples thereof include
LiClOy4, LiBF4, LiAsFs, LiPFg¢, CF3SOsL1, CF3COOLi, KCIl, NaClOs,
NaCl, NaBF4, NaSCN, KBF4, Mg(ClO4)2, and Mg(BF4)2.

As for the solvent, moreover, usabie are propylene
carbonate, acetonitrile, y-butyrolactone, ethylene carbonate,
sulfolane, dioxolane, tetrahydrofuran, 2-methyltetrahydrofuran,
dimethylsulfoxide, 1,2-dimethoxyethane,
1,2-ethoxymethoxyethane, polyethylene glycol, and alcohol.

As the electrolyte is not particularly limited to a fluid
electrolyte in which a supporting electrolyte 1s dissolved in a
solvent, a gel electrolyte, or a solid electrolyte, such as a polymer
electrolyte can be also used. Examples of the solid electrolyte
include a perfluorosulfonic acid-based polymer membrane. The
solution electrolyte has an advantage that it has high ion
conductivity, and the solid electrolyte is suitable for producing an
element that does not deteriorate and has high durability.

As for a driving method of the dimming element 30, any

34



WO 2014/208775 PCT/JP2014/067725

method may be used as long as the predetermined voltage and
current can be applied. Use of a passive driving system can
produce an inexpensive display element. Moreover, use of a
transparent active driving element, dimming can be performed

5  highly precisely and at high speed. Examples of the transparent

active driving element include I1GZO.

Examples
The electrochromic compound and electrochromic

10 composition of the present invention, and the display element
and dimming element using the electrochromic compound and
electrochromic composition are explained through Examples,
hereinafter. These Examples however shall not be construed as
to limit the scope of the present invention in any way.

15 [Example 1]
<Synthesis of Electrochromic Compound [Structural Formula
(19)]>

<a> Synthesis of Intermediate (19-1)

O H O.
3 ~
NaOH/MeOH pgr
Br Br

20 A 100 mL three-necked rotary flask was charged with

Intermediate (19-1)

9.25 g (50 mmol) of 4-bromobenzaldehyde, and 9.94 g (50 mmol) of
4-bromoacetophenone, and the contents were dissolved in 50 mL
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of methanol. To the flask, 0.10 g (2.25 mmol) of sodium
hydroxide was added, and the resultant was stirred for 6 hours in
nitrogen atmosphere at room temperature. After the reaction,
the material was obtained through filtration. The obtained
material was washed with distilled water and methanol, to
thereby obtain a target intermediate (19-1), which was yellow
powder.

The intermediate (19-1) had Mp of 184.5°C to 185.5°C (lit.
183°C to 184°C).

The yielded amount was 17.0 g, and the yield was 92.9%.

<b> Synthesis of Intermediate (19-2)

e S

- NN
Br 5r KOH/EIOH /‘/‘\)\‘\. l/ !
Br Br

Intermediate (19-2)
In 70 mL of ethanol, 10.0 g (27.3 mmol) of the intermediate
(19-1), and 2.28 g (13.7 mmol) of benzamidine hydrochloride

(94%) were dissolved. To this, a solution obtained by dissolving

1.80 g (32.1 mmol) of potassium hydroxide (85%) in 50 mL of

ethanol was added dropwise over 15 minutes, followed by

performing reflux for 24 hours. The resultant was washed with
distilled water, and a generated product was purified by silica-gel
column chromatography (toluene). The resulting crude product

was purified by recrystallizing in toluene/hexane, to thereby
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obtain a target.
The intermediate (19-2) had Mp of 204.5°C to 205.0°C (lit.
203°C to 205°C).

The yielded amount was 5.06 g, and the yield was 39.8%.

E\;
= Pd(PPhy)fKoCO3 >
C IO e M
(8] NaOH/MeOH N X
‘ Nl U I -

Intermediate (19-3)

<c> Synthesis of Intermediate (19-3)

A 100 mL three-necked rotary flask was charged with 10
mL of toluene, which had been deaired in advance, and 2 mL of
ethanol, and 0.47 g (1.0 mmol) of the intermediate (19-2) and 0.62
g (3.0 mmol) of 4-pyridineboronic acid pinacol ester were
dissolved therein. While blowing nitrogen into the rotary flask,
36 mg (0.03 mmol; 3 mol%) of
tetrakis(triphenylphosphine)palladium and 2.5 g of 2M
potassium carbonate were added, followed by performing reflux
for 14 hours. To the resulting solution, toluene was added to
extract an organic layer, followed by washing the organic layer
with distilled water.

After adding magnesium sulfate as a desiccant to the
organic layer to dehydrate, the solvent was removed under the
reduced pressure. The resulting crude product was then

refluxed with a mixed solvent of ethanol/ethyl acetate, to thereby
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obtain a target, which was colorless powder.
The yielded amount was 0.34 g, and the yield was 72.3%.
<d> Synthesis of Electrochromic Compound (19) [Structural

Formula (19)]

“oH

Compound (19)

A 25 mL three-necked ﬂaék was charged with 0.113 g (0.40
mmol) of the intermediate (19-3), 0.358 g (1.35 mmol) of |
4-bromomethylbenzyl phosphonate, and 3.0 mL of dimethyl
formamide, and the resulting mixture was allowed to react for 2
hours at 90°C. After returning the resulting solution to room
temperatui‘e, the solution was discolored into 2-propanol.
Subsequently, the obtained solids were dispersed in 2-propanol,
followed by collecting the solids. The obtained solids were dried
under the reduced pressure for 2 days at 100°C, to thereby obtain
a targét.

The yielded amount was 0.29 g, and the yield was 90%.
[Production and Evaluation of Electrochromic Display Element]
(a) Formation of Display Electrode and Electrochromic Display
Layer

First, a glass substrate with FTO electric conductive film
in the size of 25 mm X 30 mm (manufactured by AGC Fabritech

Co., Ltd.) was provided. Onto the 19 mm X 15 mm region of the
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top surface of the glass substrate, a titanium oxide nano particle
dispersion liquid (SP210, manufactured by Showa Titaniuin K.K.)
was applied by spin coating, followed by performing annealing for
15 minutes at 120°C, to thereby form a titanium oxide particle
film.

Onto the titanium oxide particle film, a 1% by weight
2,2.3,3-tetrafluoropropanol solution of the compound represented
by the_structural formula ‘(19) was applied as a coating liquid by
spin coating, and the applied solutién was subjected to annealing
for 10 minutes at 120°C, to thereby form a display layér 5 having
the electrochromic compound adsorbed on surfaces of the
titanium oxide particles.

Note that, a structure of the produced electrochromic
display element conformed to the structure of FIG. 2 (provided
that, a white reflective layer was excluded).

(b) Formation of White Reflective Layer

Moreover, a solution, in which a urethane paste (HW140SF,
manufactured by DIC Corporation) was dissolved as a binding
polymer in an amount of 10% by weight in a
2,2,3,3-tetrafluoropropanol solution, was provided. To this
solution, 50% by weight of titanium oxide particles (product
name: CR90, manufactured by ISHIHARA SANGYO KAISHA,
LTD., average particle diameter: about 250 nm) were dispersed to
prepare a paste. The paste was applied onto a surface of the

electrochromic layer by spin coating, and the coated paste was
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subjected to annealing for 5 minutes at 120°C, to thereby form a
white reflective layer of about 1 pm.
(c) Formation of Counter Electrode

Separately from the glass substrate, a glass substrate with
a 25 mm X 30 mm ITO electroconductive film (manufactured by
GEOMATEC Co., Ltd.) was provided, and used as a counter
substrate.
(d) Production of Electrochromic Display Element

A cell was produced by bonding the display substrate and
the counter substrate together via a spacer having a thickness of
75 pm. Next, 20% by weight of tetrabutyl ammonium
perchlorate was dissolved in dimethyl sulfoxide, to thereby an
electrolyte solution. The electrolyte solution was then enclosed
in the cell, to thereby produce an electrochromic display element.
[Comparative Example 1]

The electrochromic compound represented by the following
structural formula (82), which was described as [Chem. 46] in

PTL 2 (JP-A No. 2011-102287), was synthesized.

H

Structural Formula 82
A display electrode and an electrochromic display layer
were formed in the same manner as (a) to (d) of Example 1,

provided that the obtained electrochromic compound was used,
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and then an electrochromic display element was produced.
[Coloring Discharging Comparison Test 1]

Each of the display electrodes (a) to each of which the
electrochromic display layer had been formed, which were
produced in Example 1 and Comparative Example 1, was placed
in a quartz cell. A platinum electrode was used as a counter
electrode, and an Ag/Ag* (RE-7, manufactured by BAS Inc.) was
used as a reference electrode. An electrolyte solution Wasv
prepared by dissolving 0.1 M of tetrabutylammonium perchlorate
in dimethyl sulfoxide, and the cell was filled with the electrolyte
solution. To this quartz cell, light was applied from a deuterium
tungsten halogen light source (DH-2000, manufactured by Ocean
Optics, Inc.). The transmitted light was detected by a
spectrometer (USB4000, manufactured by Ocean Optics, Inc.), to
measure the absorption spectrum. The absorption spectra of the
discolored state and colored state are presente.d in FIG. 4.

In the discolored state before applying voltage, there was
no absorption in the entire visible region of 400 nm to 700 nm,
and the electrochromic display layer was transparent. When the
voltage of ~1.5 V was applied using a potentiostat (ALS-660C,
manufactured by BAS Inc.), the electrochromic display layer was
colored in black.

A comparison between the absorption spectrum of the
discolored state of the electrochromic display layer (d) of Example

1 and the absorption spectrum of the discolored state of the
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electrochromic display layer (d) of Comparative Example 1 is
depicted in FIG. 5. In Comparative Example 1, the absorption
was observed at around 400 nm even in the discolored state, and
the discolored body had tinted more than the electrochromic
compound of Example 1.

The electrochromic display elements (d) produced in
Example 1 and Cdmparative Example 1 were each subjected to
comparison evaluation of coloring and discoloring. The
evaluation of coloring/discoloring was carried out by applying
diffused light using a spectrophotometer MCPD7700,
manufactured by Otsuka Electronics Co., Ltd. The color value
was evaluated in CIE L*a*b* color space, and a* and b* were
plotted in FIG. 6.

In the colored state after applying the voltage of -6.0 V to
each display element, both of the electrochromic display elements
of Example 1 and Comparative Example 1 had the values of a*
and b* plotted to very close to the starting point (0), and it was
confirmed that they were both colored substantially in black.

In the discolored state before applying the voltage, the
plotted values a* and b* of Example 1 indicated that the color of
Example 1 was substantially the same to Japan Color White that
would be plotted on the starting point.

On the other hand, Comparative Example 1 had a large
value of b*, which indicated that it was tinted with yellow.

It was found from the results above that Example 1 had
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fewer tints in the discolored state and had high white reflectance
in comparison between the electrochromic display element of
Example 1 and that of Comparative Example 1.

[Example 2]

[Production and Evaluation of Electrochromic Dimming Element]
(a) Formation of Display Electrode and Electrochromic Display
Layer

First, a glass substrate with FTO electric conductive film
in the size of 25 mm % 30 mm (manufactured by AGC Fabritech
Co., Ltd.) was provided. Onto the 19 mm X 15 mm region of the
top surface of the glass substrate, a titanium oxide nano particle
dispersion liquid (SP210, manufactured by Showa Titanium K.K.)
was applied by spin coating, followed by performing annealing for
15 minutes at 120°C, to thereby form a titanium oxide particle
film.

Onto the titanium oxide particle film, a 1% by.weight
2,2,3,3-tetrafluoropropanol solution of the compound (19)
represented by the structural formula (19) was applied as a
coating liquid by spin coating, and the applied solution was
subjected to annealing for 10 minutes at 120°C, to thereby form a
display layer 5 having the electrochromic compound adsorbed on
a surface of the titanium oxide particles.

Note that, a structure of the produced electrochromic
dimming element conformed to the structure of FIG. 3 (provided

that, a white reflective layer was excluded).
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(b) Formation of Counter Electrode

Separately from the glass substrate, a glass substrate with
25 mm X 30 mm an ITO condﬁctive film (manufactured by
GEOMATEC Co., Ltd.) was provided, and was used as a counter
substrate. |
(c) Production of Electrochromic Dimming Element

The display substrate and the counter substrate were
bonded together via a spacer of 75 pm, to thereby produce a cell.
Next, 20% by weight of tetrabutyl ammonium perchlorate was
dissolvéd in dimethyl sulfoxide, to thereby an electrolyte solution.
The prepared electrolyte solution was enclosed in the cell, to
thereby produce an electrochromic dimming element.

[Coloring Discharging Comparison Test 2]

To the dimming element (c) produced in Exémple 2, light
was applied from a deuterium tungsten halogen light source
(DH-2000, manufactured by Ocean Optics, Inc.). The
transmitted light was detected by a spéctromete'r (USB4000,
manufactured by Ocean Optics, Inc.), to measui‘e a transmission
spectrum. In the discolored state before applying voltage, there
was hardly any absorption in the entire visible region of 400 nm
to 700 nm, and the dimming element was transparent.
Especially, the transmittance at 550 nm was 80%. When voltage

of -6.0 V was applied to the dimming element for 2 seconds, the

~dimming element colored in black, and it was found that the

transmittance at 550 nm was reduced to 10%.
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[Example 3]
<Synthesis of Electrochromic Compound (26) [Structural Formula
37]>

<a> Synthesis of Intermediate (37-1)

O O ,gna

Br KOHIEK)H Br

Intermediate (37-1)

A target was obtained in the same synthesis route to <b>
in Example 1 using the intermediate (18-1) synthesized in
Example 1 <a>, provided that benzamidine hydrochloride was
replaced with acetoamidine hydrochloride.

<c> Synthesis of Intermediate (37-2)

&
P 20 == oo

Intermediate (37-2)
~ The intermediate (37-1) and 4-pyridineboronic acid pinacol
ester were allowed to react in the same synthesis route to <c> in
Example 1 to thereby obtain a target.
<d> Synthesis of Electrochromic Compound (37) [Structural

Formula (37)]

ok O - mr Ce O3
Compound (37)
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A target, which was a colorless powder, was obtained using
the intermediate (37-2) and 4-bromomethylbenzyl phosphonate in
the same manner as in <d> of Examplé 1.

[Production and Evaluation of Electrochromic Display Element]

An electrochromic display element was produced in the
same manner as the method described in [Production and
ngaluation of Electrochromic Display Element] of Example 1,
provided that the compound (37) represented by the structural
formula (37) was used as a luminescent dye.

[Coloring Discharging Comparison Test 3]

An absorption spectrum was measured in the same manner
as in [Coloring Discharging Comparison Test 1]. The discolored
state and charged state of the absorption spectra are depicted in
FIG. 7. In the discolored state before applying voltage, there
was no absorption in the entire visible region of 400 nm to 700 nm,
and the electrochromic display layer was transparent. When the
voltage of —1.5 V was applied using a potentiostat (ALS-660C,
manufactured by BAS Inc.), the electrochromic display layer was
colored in black.

[Example 4]
<Synthesis of Electrochromic Compound (27) [Structural Formula
271>

<a> Synthesis of Intermediate (27-1)
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Br

Intermediate (27-1)
A target was obtained in the same manner as in the
synthesis method of the intermediate (26-1) in <a> of Example 1,
5 provided that the reaction was carried out using

4-acetyl-4’-boromobiphenyl instead of 4-bromoacetophenone.

<b> Synthesis of Intermediate (27-2)

Intermediate (27-2)
10 A target was obtained from the intermediate (27-1) in the
same synthesis method to that in Example 1 <b>.

<c> Synthesis of Intermediate (27-3)

I'ﬂl’l'l-Mms
uaomueon

Intermediate (27-3)
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A target was obtained from the intermediate (27-2) in the
same synthesis method as in <c> of Example 1.

<d> Synthesis of Electrochromic Compound (27) [Structural

Formula (27)]

HFOATT - ﬁ;;

Compound (27)

A target was obtained using the intermediate (27-3) in the
same manner as in <c¢> of Example 1.

[Production and Evaluation of Electrochromic Display Element]

An electrochromic display element was produced in the
same manner as the method described in [Production and
Evaluation of Electrochromic Display Element] of Example 1,
provided that the_éompound (27) represented by the structural
formula (27) was used as a luminescent dye.

[Coloring Discharging Comparison Test 4]

An absorption épectrum was measured in the same manner
as in [Coloring Discharging Comparison Test 1]. The discolored
state énd charged state of the absorption spectra are depicted in
FIG. 8. In the discolored state before applying voltage, there
was no absorption in the entire visible region of 400 nm to 700 nm,
and the electrochromic display layer was trahsparent. When the
voltage of —1.5 V was applied using a potentiostat (ALS-660C,
manufactured by BAS Inc.), the electrochromic display layer was |
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colored in black.

[Example 5]

<Synthesis of Electrochromic Compound (51) [Structural Formula
(611>

<a> Synthesis of Intermediate (51-1)

a.%%"""" Sy

Intermediate (51-1) |

A flask was charged with 4,6-dichloropyridine (596 mg, 4
mmol), followed by being purged with argon gas. To the flask,
thereafter, dioxane (60 mL), which had been deaerated with
argon gas,
4-(4,4,5,5-tetramethyl-1,3,2-dioxadioxaborolan-2-yl)pyridine (8
mmol, 1.64 g), and bis(triphenylphosphine) palladium(II)
dichloride (0.2 mmol, 140 mg) were added. After bubbling the
solution with argon gas, a 2M potassium carbonate aqueous
solution (20 mL) was added, and the resultant was heated and
stirred at 100°C for 8 hours. The resultant was filtered with
Celite, and water and chloroform were added to the filtrate to
separate an organic layer. Thereafter, a water layer was
extracted 5 times with chloroform. The combined organic layer
was washed with saturated salt water, followed by drying with

sodium sulfate to condensate the filtrate, to thereby obtain a
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crude product. The crude product was purified by silica-gel
column chromatography (eluent: chloroform/methanol = 93/7
[volume ratiol), and the obtéined solids were dispersed and
washed in chloroform/hexane. The solids were collected by
filtration, and the obtained solids were vacuum dried to thereby
obtain an intermediate (51-1) as pale yellow solids (the yielded
amount: 268 mg, the yield: 29%).

1H NMR (500 MHz, CDCls, §): 9.46 (d, J = 1.7 Hz, 1H), 8.86 (dd, J;
= 4.0 Hz, J2 = 1.7 Hz, 4H), 8.21 (d, J = 1.7 Hz, 1H), 8.04 (dd, J; =
4.6 Hz, J2 = 1.7 Hz, 4H)

(b) Synthesis of Electrochromic Compound (51) [Structural

Formula (51)]

T PO
N

Br Br

Structural Formula (51)

A flask was charged with the intermediaté (51-1) (234 mg,
1 mniol)? bromooctyl phosphonate (1.09 g, 4 mmol), DMF (10 mL),
and the resultant was heated and stirred at 100°C for 4 hours.
After removing DMF under the reduced pressure, 2-propanol was
added to the resultant, and the precipitated solids were collected
through filtration. The solids were vacuum dried to thereby
obtain a target as yellow solids. The yielded‘amount was 702 mg,
and the yield was 90 %.
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[Production and Evaluation of Electrochromic Display Element]

An electrochromic display element was produced in the
same manner as the method described in [Production and
Evaluation of Electrochromic Display Element] of Example 1,
provided that the compound (51) represented by the structural
formula (51) was used as a luminescent dye.

[Coloring Discharging Comparison Test 5]

An absorption spectrum was measured in the same manner
as in [Coloring Discharging Comparison Test 1]. The discolored
state and charged state of the absorption spectra are depicted in
FIG. 9. In the discolored state before applying voltage, there
was no absorption in the entire visible region of 400 nm to 700 nm,
and the electrochromic display layer was transparent. When the
Volt‘age of ~1.5 V was applied using a potentiostat (ALS-660C,
manufactured by BAS Inc.), the electrochromic display layer was
colored in black.

[Example 6]
<Synthesis of Ele.ctrochromic Compound (50) [Structural Formula
(50)]>

<a> Synthesis of Intermediate (50-1)

Intermediate (50-1)
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A reaction and purification were performed in the same
manner as in Example 5, provided that
4-(4,4,5,5-tetramethyl-1,3,2-dioxadioxaborolan-2-yl)pyridine was
replaced with 4-(4-pyridyl)phenyl boronic acid pinacol ester, to
thereby obtain to thereby obtain an intermediate (50-1) (yielded
amount: 592 mg, yield: 38%).

H NMR (500 MHz, CDCls, 6): 9.39 (d, J = 1.8 Hz, 1H), 8.73 (dd, J;
=4.6 Hz, J» = 2.2 Hz, 4H), 8.32 (d, J = 8.6 Hz, 4H), 8.22 (d, J= 1.2
Hz, 1H), 7.85 (d, J = 8.6 Hz, 4H), 7.60 (dd, J1 = 4.6 Hz, J> = 1.2 Hg,
4H)

<b> Synthesis of Electrochromic Compound (50) [Structural

Formula (50)]

N =~
(HOROP” NS :

Br Br

Structural Formula (50)
A reaction and purification were carried out in the same
manner as in Example 5, to thereby obtain a target (yielded
amount: 830 mg, yield: 89%).
[Production and Evaluation of Electrochromic Display Element]
An electrochromic display element was produced in the
same manner as the method described in [Production and
Evaluation of Electrochromic Display Element] of Example 1,

provided that the compound (50) represented by the structural
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formula (50) was used as a luminescent dye.
[Coloring Discharging Comparison Test 6]

An absorption spectrum was measured in the same manner
as in [Coloring Discharging Comparison Test 1]. The discolored
state and charged state of the absorptioin spectra are depicted in
FIG. 10. In the discolored state before applying voltage, there
was no absorption in the entire visible region of 400 nm to 700 nm,
and the electrochromic display layer was transparent. When the
voltage of —1.5 V was applied using a potentiostat (ALS-660C,
manufactured by BAS Inc.), the electrochromic display layer was
colored in black.

[Example 7]
<Synthesis of Electrochromic Compound (78)[Structural Formula
(78)]>

<a> Synthesis of Intermediate (78-1)

Intermediate (78-1)
A reaction and purification were carried out in the same
manner as in Example 6, provided that 4,6-dichloropyridine was
replaced with 2, 4-dichloropyridine, to thereby obtain an

intermediate (78-1). The yielded amount was 1.39 g, and the
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yield was 90%.

1H NMR (500 MHz, CDCls, 8): 8.92 (d, J = 5.7 Hz, 1H), 8.71-8.74
(m, 6H), 8.38 (dd, J1 = 6.3 Hz, J2 = 1.7 Hz 2H), 7.82-7.85 (m, 4H),
7.70 (4, J = 5.3 Hz, 1H), 7.59-7.62 (m, 4H)

<b> Synthesis of Electrochromic Compound (78)[Structural

Formula (78)]

Structural Formula (78)

A reaction and purification were carried out in the same
manner as in Example 5 to thereby obtain a target (yielded
amount: 793 mg, yield: 85%).
[Production and Evaluation of Electrochromic Display Element]

An electrochromic display element was produced in the
same manner as the method described in [Production and
Evaluation of Electrochromic Display Element] of Example 1,
provided that the compound (78) represented by the structural
formula (78) was used as a luminescent dye.
[Coloring Discharging Comparison Test 7]

An absorption spectrunﬁ was measured in the same manner
as in [Coloring Discharging Comparison Test 1]. The discolored
state and charged state of the absorption spectra are depicted in

FIG. 11. In the discolored state before applying voltage, there
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was no absorption in the entire visible region of 400 nm to 700 nm,
and the electrochromic display layer was transparent. When the
voltage of —1.5 V was applied using a potentiostat (ALS-660C,
manufactured by BAS Inc.), the electrochromic display layer was
colored in black.

[Example 8]

<Synthesis of Electrochromic Compound (79)[Structural Formula
(79)1>

<a> Synthesis of Intermediate (79-1)

N

- A reaction and purification were carried out in the same
manner as in Example 6, provided that 4,6-dichloropyridine was
replaced with 2,4,6-trichloropyridine, to thereby obtain an
intermediate (79-1). The yielded amount was 1.56 g, and the
yield was 72%.

'H NMR (500 MHz, CDCls, §): 8.87 (d, J = 8.6 Hz, 2H), 8.75-8.72
(m, 6H), 8.15 (s, 1H),8.46 (d, J = 8.6 Hz, 4H), 7.89- 7.85 (m, 6H),
7.64-7.61 (m, 6H)
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<b> Synthesis of Electrochromic Compound (79)[Structural

Formula (79)]

J_/J > | o \‘\
{HORLOR POOH),

Structural Formula (79)
5 A reaction and purification were carried out in the same
manner as in Example 5, to thereby obtain a target (yielded
amount: 1.09 g, yield: 80%).
[Production and Evaluation of Electrochromic Display Element]
An electrochromic display element was produced in the
10 same manner as the method described in [Production and
Evaluation of Electrochromic Display Element] of Example 1,
provided that the compound (79) represented by the structural
formula (79) was used as a luminescent dye.
[Coloring Discharging Comparison Test 8]

15 An absorption spectrum was measured in the same manner
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as in [Coloring Discharging Comparison Test 1]. The discolored
state and charged state of the absorption spectra are depicted in
FIG. 12. 1In the discolored state before applying voltage, there
was no absorption in the entire visible region of 400 nm to 700 nm,
and the electrochromic display layer was transparent. When the
voltage of —1.5 V was applied using.a potentiostat (ALS-660C,
manufactured by BAS Inc.), the electrochromic display layer was
colored in black.

[Example 9]

<Synthesis of Electrochromic Compound (44)(Structural Formula
(491>

<a> Synthesis of Intermediate (44-1)

Intermediate (44-1)

A flask was charged with 4,6-diéhloropyridine (596 mg, 4.0
mmol), followed by being purged with argon gas. To the flask,
thereafter, dioxane (60 mL), which had been deaerated with
argon gas, 4-(4-pyridylphenyl boronic acid pinacol este,rr(4.0
mmol, 2.26 g), bis(triphenylphosphine) palladium(II) dichloride
(0.3 mmol, 210 mg) were added. After bubbling the solution with
argon gas, 2M K2COs (20 mL) was added, and the resultant was
heated and stirred at 50‘;C for 4 hours. Subsequently,
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4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (4 mmol,
820 mg) was added, and the resulting mixture was heated and
stirred aié 100°C for 4 hours. The resultant was filtered with
Celite, and water and chloroform were added to the filtrate to
separate an organic layer. Thereafter, a water layer was
extracted 5 times with chloroform. The combined organic layer
was washed with saturated salt water, followed by drying with
sodium sulfate to condensate thé filtrate, to ‘thereb‘y obtain a
crude product. The crudé product was purified by silica-gel
column chromatography (eluent: chloroform/methanol = 93/7),
and the obtained solids were dispersed and washed in
chloroform/hexane. The solids were collected by filtration, and
the obtained solids were vacuum dried to thereby obtain an
intermediate (44-1) as pale yellow solids (the yielded- amount: 892
mg, the yield: 72%).

1H NMR (500 MHz, CDCls, §): 9.42 (d, J = 1.7 Hz, 1H), 8.85(dd, J:
= 5.8 Hz, J2 = 1.8 Hz, 2H), 8.73(dd, J1 = 6.3 Hz, J2 = 1.7 Hz, 2H),
8.31 (d, J =8.6 Hz, 2H), 8.21(d, J = 1.7 Hz, 1H), 8.04 (dd, J1 = 6.3
Hz, J2 = 1.7 Hz, 2H), 7.84 (d, J =6.9 Hz, 2H), 7.59 (d, J1 = 5.8 Hz,
J2 = 1.8 Hz, 2H)

<b> Synthesis of Electrochromic Compound (44)[Structural

Formula (44)]
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W C g ‘ '
éﬂ Structural Formula (44)

A reaction and purification were carried out in the same

“manner as in Example 5, to thereby obtain a target (yielded

amount: 771 mg, yield: 90%).
[Production and Evaluation of Electrdchromic Display Element]

An electrochromic display elemeﬁt was produced in the
same manner as the method described in [Production and
Evaluation of Electrochromic Display Element] of Example 1,
provided that the compound (44) represented by the structural
formula (44) was used as a luminescent dye.

[Coloring Discharging Comparison Test 9]

An absorption spectrum was measured in the same manner
as in [Coloring Discharging Comparisoﬁ Test 1].v The discolored
state and charged state of the absorption spectra are d_epicted in
FIG. 13. In the discolored state before applying voltage, there
was no absorption in the entire visible region of 400 nm to 700 nm,
and the electrochromic display layer was transparent. When thé
voltage of —1.5 V was applied using a potentiostat (ALS-660C,
manufactured by BAS Inc.), the electrochromic display layer was
colored in black.

[Example 10]
<Synthesis of Electrochromic Compound [Structural Formula
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- (80)]>

<a> Synthesis of Intermediate (80-1)

Intermediate (80-1)

A flask was charged with 2,4,6-trichloropyridine (732 mg,
4.0 mmol), followed by being purged with argon gas. To the flask,
thereafter, dioxane (60 mL), which had been deaerated with
argon gas, 4-(4-pyridyl)phenyl boronic acid pinacol ester (8.0
mmol, 2.26 g), and bis(triphenylphosphine)palladium (II)
dichloride (0.3 mmol, 210 mg) were added. After bubbling the
solution with argon gas, 2M K2CO3 (20 mL) was added, and the
resultant was heated and stirred at 50°C for 4 hours. Next,
4-4,4,5,5-tetramethy1-1,3,2-dioxaborolan-2'yl)pyridine (4 mmol,
820 mg) was added and the resultant was heated and stirred at
100°C for 4 hours. Subsequently, the resultant was filtevred with
Celite, and water and chloroform were added to the filtrate to
separate an organic layer. Thereafter, a water layer was
eﬁtracted 5 times with chloroform. The combined organic layer
was washed with saturated salt water, followed by> drying with

sodium sulfate to condensate the filtrate, to thereby obtain a
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crude product. The crude product was purified by silica-gel
column chromatography (eluent: chloroform/methanol = 93/7),
and the obtained solids were dispersed and washed in
chloroform/hexane. The solids were collected by filtration, and
fhe obtained solids were vacuum dried to thereby obtain an
intermediate (80-1) as pale yellow solids (the yielded amount:
1.19 g, the yield: 64%).

1H NMR (500 MHz, CDCls, 6): 8.87 (dd, J1 = 4.7 Hz, J2 = 1.7 Hz,
2H), 8.75 (dd, J: = 4.0 Hz, J2 = 1.7 Hz, 4H), 8.58 (dd, J1 = 4.7 Hz,
J2 = 1.7 Hz, 2H), 8.45 (dt J1 = 8.0 Hz, J2 = 1.7 Hz, 4H), 8.21 (s, 1H),
7.88 (dd, J1 = 8.6 Hz, J» = 1.7 Hz, 4H), 7.61 (dd, J, = 4.7 Hz, J» =
1.7 Hz, 4H)

<b> Synthesis of Electrochromic Compound [Structural Formula

(80)]

POIOH),

Structural Formula (80)
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A reaction and purification were carried out in the same
manner as in Example 5 to thereby obtain a target (the yielded
amount: 1.06 g, the yield: 83%).

[Production and Evaluation of Electrochromic Display Element]

An electrochromic display element was produced in 'the
same manner as the method described in [Production and
Evaluation of Electrochromic Display Element] of Example 1,
providéd that the compound (80) represented by the structural
formula (80) was used as a luminescent dye.

[Coloring Discharging Comparison Test 10]

An absorption spectrum was measured in the same manner
as in [Coloring Discharging Comparison Test 1]. The discolored
state and charged state of the absorption spectra are depicted in
FIG. 14. In the discolored state before applying voltage, there
was no absorption in the entire visible region of 400 nm to 700 nm,
and the electrochromic display layer was transparent. When the
voltage of —1.5 V was applied using a potentiostat (ALS-660C,
manufactured by BAS Inc.), the electrochromic display layer was
colored in black.

[Example 11]
<Synthesis of Electrochromic Compound (36) [Structural Formula
(36)]>

<a> Synthesis of Intermediate (36-1)
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Intermediate (36-1)
An intermediate (36-1) was obtained by carrying out a
reaction and purification in the same manner as in Example 9,

5 provided that the intermediate (44-1) used in Example 9 was
replaced with the intermediate (50-1) obtained in Example 6, and
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine was
replaced with 4-(trifluoromethyl)phenyl boronate. The yielded
amount was 740 mg, and the yield was 65%.

10 <b> Synthesis of Electrochromic Compound (36) [Structural

Formula (36)]

2
o

Structural Formula (36)

A reaction and purification were carried out in the same
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manner as in Example 5, to thereby obtain a target (the yielded
amount: 915 g, the yield: 85%).
[Production and Evaluation of Electrochromic Display Element]

An electrochromic display element was prodﬁced in the
same manner as the method described in [Production and
Evaluation of Electrochromic Display Element] of Example 1,
provided that the compound (386) represented by the structural
formula (36) was used as a luminescent dye.

[Coloring Discharging Comparison Test 11]

An absorptioh spectrum was measured in the same manner
as in [Coloring Discharging Comparison Test 1]. The discolored
state and charged state of the absorption spectra are depicted in
FIG. 15. In the discolored state before applying voltage, there
was no absorption in the entire visible region of 400 nm to 700 nm,
and the electrochromic display layer was transparent. When the
voltage of —1.5 V was applied using a potentiostat (ALS-660C,
manufactured by BAS Inc.), the electrochromic display layer was
colored in black.

[Example 12]
<Synthesis of Electrochromic Compound (88) [Structural Formula
(38)1>

<a> Synthesis of Intermediate (38-1)
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Intermediate (38-1)
An intermediate (38-1) was obtained by carrying out a
reaction an purification in the same manner as in Example 9,

5 provided that the intermediate (44-1) used in Example 9 was
replaced with the intermediate (50-1) obtained in Example 6, and
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine was
replaced with 4-(cyano)phenyl boronate. The yielded amount
was 304 mg, and the yield was 16%.

10 <b> Synthesis of Electrochromic Compound (38) [Structural

Formula (38)]

0.
=4 8

Structural Formula (38)
A reaction and purification were carried out in the same
15 manner as in Example 5, to thereby obtain a target (the yielded
amount: 919 mg, the yield: 89 %)
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[Production and Evaluation of Electrochromic Display Element]

An electrochromic display element was produced in the
same manner as the method described in [Production and
Evaluation of Electrochromic Display Element] of Example 1,
provided that the compound (38) represented by the structural
formula (38) was used as a luminescent dye.

[Coloring Discharging Comparison Test 12]

An absorption spectrum was measured in the same manner
as in [Coloring Discharging Comparison Test 1]. The discolored
state and charged state of the absorption spectra are depicted in
FIG. 16. In the discolored state before applying voltage, there
was no absorption in the entire visible region of 400 nm to 700 nm,
and the electrochromic display layer was transparent. When the
voltage of —1.5 V was applied using a potentiostat (ALS-660C,
manufactured by BAS Inc.), the electrochromic display layer was
colored in black.

[Example 13]
<Synthesis of Electrochromic Compound (42) [Structural Formula
(42)]>

<a> Synthesis of Intermediate (42-1)

116



WO 2014/208775 PCT/JP2014/067725

Intermediate (42-1)
An intermediate (42-1) was obtained by carrying out a
reactibn and purification in the same manner as in Example 9,

5 provided that the intvermédiate (44-1) used in Example 9 was
replaced with the intermediate (50-1) obtained in Example 6, and
4-(4,4,5,5-tetramethyl-1,3,,2'dioxaborolan-2-yl)pyridine was
replaced with 4-(2,6-difluoro)phenyl boronate. The yielded
amount was 396 mg, and the yield was 21 %.

10 <b> Synthesis of Electrochromic Compound (42) [Structural

Formula (42)]

- - o,

_/ Br Br “POOHY,

Structural Formula (42)
A reaction and purification were carried out in the same

15 manner as in Example 5, to thereby obtain a target (the yielded
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amount: 835 mg, the yield: 80 %)
[Production and Evaluation of Electrochromic Display Element]

An electrochromic display element was produced in the
same manner as the method described in [Production and
Evaluation of Electrochromic Display Element] of Example 1,
provided that the compound (42) represented by the structural
formula (42) was used as a luminescent dye.

[Coloring Discharging Comparison Test 13]

An absorption spectrum was measured in the same manner
as in [Coloring Discharging Comparison Test 1]. The discolored
state and charged state of the absorption spectra are depicted in
FIG. 17. In the discolored state before applying voltage, there
was no absorption in the entire visible region of 400 nm to 700 nm,
and the electrochromic display layer was transparent. When the
voltage of —1.5 V was applied using a potentiostat (ALS-660C,
manufactured by BAS Inc.), the electrochromic display layer was
colored in black.

[Example 14]
<Synthesis of Electrochromic Compound (31) [Structural Formula
31l>

<a> Synthesis of Intermediate (31-1)
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{E1OROP.,

Intermediate (31-1)
An intermediate (31-1) was obtained by carrying out a
reaction and purification in the same manner as in Example 9,

5 provided that the intermediate (44-1) used in Example 9 was
'replaced with the interme‘diate (50-1) obtained in Example 6, and
4'(4,4,5,5-tetramethy1'1,3,2-dioxéborolan-Z'yl)pyridine was
replaced with the compound represented by the following

- structural formula. The yielded amount was 1.74 g, and the

10 yield was 73 %.

9] PO(OEt),

<b> Synthesis of Intermediate (31-2)
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PR,

1
¥

Inte‘rmediate (31-2)

A flask was charged with the above-synthesized
intermediate (31-1) (0.338 mmol, 207 mg), n-butylbromide (1.35
mmol, 184 mg), DMF (15 mL), and the resulting mixture was
stirred at 85°C for 12 hours. DMF was removed from the
mixture under the reduced pressure, and acetone was added to
the resultant. The precipitated solidé were then separated by
filtration, and the solids were dried under the reduced pressure
to thereby obtain an intermediate (31-2). The yielded amount
was 278 mg, and the yield was 92%.
<c¢> Synthesis of Electrochromic Compound (31) [Structural

Formula (31)]
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Structural Formula (31)

A flask was charged with the intermediate (31-2) (277 mg,
0.312 mmol), and chloroform (50 mL).j to this, trimethylsilyl
bromide (50 mL) was added dropwise, and the resulting mixture
was stirred for 16 hours at room temperature. From the
resultant, chloroform was removed under the reduced pressure.
To this,'methanol was added, and the mixture was stirred for 1
hour. From the resultant, methanol was removed under the
reduced pressure, and acetone was added to the resultant to
precipitate solids. The solids were collected through filtration,
to thereby obtain a target. The yielded amount was 204 mg, and
the yield was 78%.
1H NMR (500 MHz, CDCls, 8): 9.20(d, J = 6.9 Hz, 4H), 8.85(s, 1H),
8.80 (d, J =8.6 Hz, 4H), 8.69 (d, J = 6.9 Hz, 4H), 8.61 (d, J = 8.0 Hz,
2H), 8.36 (d, J = 8.6 Hz, 4H), 7.51 (dd, J1 =6.3 Hz, J2= 2.3 Hz, 2H),
4.64 (t, J = 6.9Hz, 4H), 3.12 (d, J= 21.8 Hz, 2H), 1.96 (quint, J=7.5
Hz, 4H), 1.37 (quint, J= 7.5 Hz, 4H), 0.96 (t, J=7.5 Hz, 6H)
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[Production and Evaluation of Electrochromic Display Element]

An electrochromic display element was produced in the
same manner as the method described in [Produétion and
Evaluation of Electrochromic Display Element] of Example 1,
provided that the compound (31) represented by the structural
formula (31) was used as a luminescent dye.

[Coloring Discharging Comparison Test 14]

An absorption spectrum was measured in the same manner
as in [Coloring Discharging Comparison Test 1]. The discolored
state and charged state of the absorption spectra are depicted in
FIG. 18. In the discolored state before applying voltage, there
was no absorption in the entire visible region of 400 nm to 700 nm,
and the electrochromic display layer was transparent. When the
voltage of —=1.5 V was applied using a potentiostat (ALS-660C,
manufactured by BAS Inc.), the electrochromic display layer was
colored in black.

[Example 15]
<Synthesis of Electrochromic Compound‘[Structural Formula
(35)]>

<a> Synthesis of Intermediate (35-1)

122



WO 2014/208775 : PCT/JP2014/067725

Structural Formula (35-1)

An intermediate (35-1) was obtained by carrying out a

reaction and purification in the same manner as in Example 14,
5 provided that, in (b) of Example 14, n-butyl bromide was replaced

with 2,2, 2-trifluoroethyl trifluoromethane sulfonate.

The yielded amount was 132 mg, and the yield was 60%.
<c> Synthesis of Electrochromic Compound (35) [Structural
Formula (35)]

(HO)OP._

10

Structural Formula (35)
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A target was obtained by carrying out a reaction and
purification in the same manner as in Example 14, provided that,
in (c) of Example 14, the intermediate (31-2) was replaced with
the intermediate (35-1). The yielded amount was 119 mg, and
the yield was 95%. In the Structural Formulae, “OTf™”

represents the following triflate anion:

]

F F

N Lo
|

0" 1T

o}
and “OTf” means trifluoromethanesulfonic acid.
IH NMR (500 MHz, CDCl3, §):9.30 (d, J = 6.3 Hz, 4H), 8.83-8.88
(m, 9H), 8.62 (d, J = 8.0 Hz, 2H), 8.40 (d, J = 8.6 Hz, 4H), 7.52 (dd,
J1=8.0 Hz, J2 = 1.7 Hz, 2H), 5.86 (q, J= 8.6 Hz, 4H), 3.13 (d, J =

21.2 Hz, 2H)

[Production and Evaluation of Electrochromic Display Element]

An electrochromic display element was produced in the
same manner as the method described in [Production and
Evaluation of Electrochromic Display Element] of Example 1,
provided that the compound (35) represented by the structural
formula (35) was used as a luminescent dye.

[Coloring Discharging Comparison Test 15]

An absorption spectrum was measured in the same manner
as in [Coloring Discharging Comparison Test 1]. The discolored
state and charged state of the absorption spectra are depicted in

FIG. 19. In the discolored state before applying voltage, there
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was no absorption in the entire visible region of 400 nm to 700 nm,
and the electrochromic display layer was transparent. When the
voltage of —1.5 V was applied using a potentiostat (ALS-660C,
manufactured by BAS Inc.), the electrochromic display layer was
colored in black.

[Example 16]

<Synthesis of Electrochromic Compound [Structural Formula
(56)1>

<a> Synthesis of Intermediate (56-1)

Intermediate (56-1)

An intermediate (56-1) was obtained by carrying out a
reaction and purification in the same manner as in Example 9,
pvrovided that the intermediate (44-1) used in Example 9 was
replaced with the intermediate (50-1) obtained in Example 6, and
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yDpyridine was
replaced with the compound represented by the following

structural formula. The yielded amount was 1.86 g, and the
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yield was 74%.

: (o) PO(OEL),
\B —<: :}——-’
/
O

<a> Synthesis of Intermediate (56-2)

POIOELY,

Intermediate (56-2)

An intermediate (56-2) was obtained by carrying out a
reaction and purification in the same manner as in Example 14,
prbvided that, in (b) of Example 14, the infermediate (81-1) was
replaced with the intermediate (56-1). The yielded amount was
304 mg, and the yield was 90%.
<c> Synthesis of Electrochromic Compound (56) [Structural

Formula (56)]
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POIOH

Structural Formula (56)

A target was obtained by carrying out a reaction and
purification in the same manner as in Example 14, provided that,
in (¢) of Example 14, the intermediate (31-2) was replaced with
the intermediate (56-2). The yielded amount was 244 mg, and
the yield was 95%.
1H NMR (500 MHz, CDCl3, 6):9.21 (d, J =7.5 Hz, 4H), 8.85 (s, 1H),
8.80 (d, J=8.6 Hz, 4H), 8.69 (d, J =6.9 Hz, 4H), 8.62 (d, J= 8.0 Hz,
2H), 8.36 (d, J=8.6 Hz, 4H), 7.51 (d, J=8.0 Hz, 2H),. 4.65 (t, J=7.5
Hz, 4H), 2.92 (quint, J=4.6 Hz, 2H), 1.95-2.00(m, 4H). 0.96 (4,
J=6.9 Hz, 6H)

[Production and Evaluation of Electrochromic Display Element]

An electrochromic display element was produced in the
same manner as the method described in [Production and
Evaluation of Electrochromic Display Element] of Example 1,
provided that the compound (56) represented by the structural

formula (56) was used as a luminescent dye.
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[Coloring Dischvarging Comparison Test 16]

| An absorption spectrum was measured in the same manner
as in [Coloring Discharging Comparison Test 1]. The discolored
state and charged state of the absorption spectra are depicted in
FIG. 20. In the discolored state before applying voltage, there
was no absorption in the entire visible region of 400 nm to 700 nm,
and the electrochromic display layer was transparent. When the
voltage of —=1.5 V was applied using a potentiostat (ALS-660C,
manufactured by BAS Inc.), the electrochromic display léyer was
colored in black.
[Example 17]
<Synthesis of Electrochromic Compound (57) [Structural Formula
(67>
<a> Synthesis of Intermediate (57-1, 57-2)

PO OO,
i

1a) /-.:: PO 1 \l
. />——/— o (’ S
7 *\\.\__', V F.LCHy0-505-TF, ‘l ,7’
— - —_——

Ny
A

| i '
SARe Saae T
SO 0 b D V\L\/‘\w

‘ f 1 {
N L N NP SN N L el _oF

=z
\

Z

z

~F

Intermediate (50-1) Intermediate (57-1) orf Intermediate (57-2) “"'

An intermediate (57-2) was obtained by carrying out a
reaction and purification in the same manner as in Example 14,
provided that, in (b) of Example 14, n-butyl bromide was replaced
with 2,2,2-trifluoroethyl trifluoromethane sulfonate._ The
yielded amount was 217 mg, and the yield was 59%.

<c> Synthesis of Electrochromic Compound ['Structural Formula
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(57)]
POIORIR P‘%TH}&‘.
N ‘ X
i J (CH. )5 5i-8Br {/
- N
- i
i R “ E = i Sy F ’;‘/QZ
(.\ P - ‘///L\T l/’>¢':~7 (\ s P P
BN Lot o RO N 7 e
oTf Intermediate (57-2) ot il Structural Formula (57) ot

A target was obtained by carryihg out a reaction and
purification in the same manner as in Example 14, provided that,
5 in (¢) of Example 14, the intermediate (31-2) was replaced with
the intermediate (57-2). The yielded amount was 198 mg, and
the yield was 96%.
'H NMR (500 MHz, CDCls, §):9.29(d, J = 6.9Hz, 4H), 8,89 (s, 1H),
8.85 (t, J= 7.5 Hz, 8H), 8.64 (d, J =8.0 Hz, 2H), 8.40 (d, J =9.2 Hz,
10 4H), 7.52 (d, J =8.5 Hz, 2H), 5.84 (q, J=8.6 Hz, 4H), 2.92 (quint.,
J= 4.6 Hz, 2H), 1.88-1.95 (m, 2H)
[Production and Evaluation of Electrochromic Display Element]
An electrochromic display element was produced in the
same manner as the method described in [Production and
15 Evaluation of Electrochromic Display Element] of Example 1,
provided that the compound (57) represented by the structural
formula (57) was used as a luminescent dye.
[Coloring Discharging Comparison Test 17]
An absorption spectrum was measured in the same manner

20 as in [Coloring Discharging Comparison Test 1]. The discolored
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state and charged state of the absorption spectra are depicted in
FIG. 21. In the discolored state before applying voltage, there
was no absorption in the entire visible region of 400 nm to 700 nm,
and the electrochromic display layer was transparent. When the
voltage of —1.5 V was applied using a potentiostat (ALS-660C,
manufactured by BAS Inc.), the electrochromic display layer was
colored in black.

(Summery of Results)

As .depicted in FIGs. 4‘ to 21, it was confirmed from the
results of the absorptions spectra of the discolored state of the
compound that there was an absorption in the visible region and
the electrochrc;mic display layer was tinted with yellow in
Comparative Example 1, but there was no absorption in the
visible region and the electrochromic display layers were
transparent in Examples 1 to 17. Moreover, it was further
confirmed from the absorption spectra of the colored.state that
the electrochromic compounds thereof had the absorption in the
entire visible region, and colored in black. These results were
clear from the results of the color value measurement.

Based on these results, a high-contrast dirpming element
could be attained using the electrochromic compound of the
present invention.

[Example 18]
<Synthesis of Electrochromic Compound (9) [Structural Formula

(91>
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<a> Synthesis of Intermediate (9-1)

.

cr/NL\u’ﬁl ~x g

Intermediate (9-1)

A flask was charged with 3.0 g of
2,4,6-trichloro-1,3,5-triazine, and was purged with argon gas.
To the flask, thereafter, dioxane (100 mL), phenylpyridine boronic
acid pinacol ester (18.5 g), and PdCl2(PPh3)2 (600 mg) were added.
To the mixture, 2M K2CO; (17 mL) was added, and the resulting
mixture was stirred for 14 hours at 50°C, followed by stirring for
16 hours at room temperature. The resultant was filtered with
Celite, and water and chloroform were added to the filtrate to
separate an organic layer. Thereafter, a water layer was
extracted 3 times with chloroform. The combined organic layer
was washed with saturated salt water, followed by drying with
sodium sulfate to condensate the filtrate, to thereby obtain a
crude product (the yielded amount: 7.5 g).

The crude product was purified by silica-gel column
chromatography (eluent: CHCls/methanol = 93/7), and the

obtained solids were dispersed and washed in chloroform/hexane.

The solids were collected by filtration, and the obtained solids |
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were vacuum dried to thereby obtain a target (the yielded
amount: 6.9 g, the yield: 78%) as white solids.
<b> Synthesis of Electrochromic Compound (9) [Structural

Formula (9)]

N
RO
N | OH

| =
=

9/0H
Br

/\i/\)\/P\
6 OH
o s
N* N “ N
> N
" SN [ | o 2 on
I = | Ho:ﬁ\*\}\/N F 3Br~ /N\'(/\)\/P\/
N~ #N HO 6 o & OH

Structural Formula (9)

A 25 mL three-necked flask was charged with 0.5 g of the
intermediate (9-1), 4.0 g of 8-bromooctyl phosphonate, and 3.0 mL
of dimethyl formamide, and the resulting mixture was allowed to
react for 8 hours at 90°C. After returning the resulting solution
to room temperature, the solution was discolored into 2-propanol.
Subsequently, the obtained solids were dispersed in 2-propanol,
followed by collecting the solids. The obtained solids were
vacuum dried for 2 days at 100°C, to thereby obtain a target.

The yielded amount was 1.1 g, and the yield was 85%.
[Production and Evaluation of Electrochromic Display Element]
(a) Formation of Display Electrode and Electrochromic Display
Layer

First, a glass substrate with FTO electric conductive film

in the size of 25 mm X 30 mm (manufactured by AGC Fabritech

132



10

15

20

25

WO 2014/208775 PCT/JP2014/067725

Co., Ltd.) was provided. Onto the 19 mm X 15 mm region of the

top surface of the glass substrate, a titanium oxide nano particle
dispersion liquid (SP210, manufactured by Showa Titanium K.K.)
was applied by spin coating, followed by performing annealing for
15 minutes at 120°C, to thereby form a titanium oxide particle
film. Onto the titanium oxide particle film, a 1% by weight
2,2,3,3-tetrafluoropropanol solution of the compound revpresented
by the structural formula (22) was applied as a coating liquid by
spin c‘oating, and the applied solution was subjected to annealing
for 10 minutes at 120°C, to thereby form a display layer 5 having
the electrochromic compound adsorbed on surfaces of the
titanium oxide particles.

Note that, a structure of the produced electrochromic
display element conformed to the structure of FIG. 2 (provided
that, a white reflective'layer was excluded).

(b) Formation of White Reflective Layer

Moreover, a solution, in which a urethane paste (HW140SF,
manufactured b.y DIC Corporation) was dissolved as a binding
polymer in an amount of 10% by weight in a
2,2,3,3-tetrafluoropropanol solution, was provided. To this
solution, 50% by weight of titanium oxide particles (product
name: CR90, manufactured by ISHIHARA SANGYO KAISHA,
LTD., average particle diameter: about 250 nm) were dispersed to
prepare a paste. The paste was applied onto a surface of the

electrochromic layer by spin coating, and the coated paste was
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subjected to annealing for 5 minutes at 120°C, to thereby form a
white reflective layer of about 1 pm.
(c) Formation of Counter Electrode

Separately from the glass substrate, a glass substrate with
a 25 mm X 30 mm ITO electroconductive film (manufactured by
GEOMATEC Co., Ltd.) was provided, and‘used as a counter
substrate.
(d) Production of Electrochromic Display Element

A cell was produced by bonding the display substrate and
the counter substrate together via a spacer having a thickness of
75 um. Next, 20% by weight of tetrabutyl ammonium
perchlorate was dissolved in dimethyl sulfoxide, to thereby an
electrolyte solution. The electrolyte solution was then enclosed
in the cell, to thereby produce an electrochromic display element.
[Comparative Example 1]

The electrochromic compound represented by the following
structural formula (44), which was disclosed as [Chem. 46] in

JP-A No. 2011-102287, was synthesized.

HO\g

HO™

Structural Formula (44)

An electrochromic display element was produced by

forming a display electrode and an electrochromic display layer
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in the same manner as in (a) to (d) of Example 18, provided that
the obtained electrochromic compound was used.
[Coloring Discharging Comparison Test 1]

Each of the display electrodes (a) to each of which the
electrochromic display layer had been formed, which were
produced in Example 18 and Comparative Example 1, was placed
in a quartz cell. A platinum electrode was used as a counter
electrode, and an Ag/Ag* (RE-7, manufactured by BAS Inc.) was
used as a reference electrode. An electrolyte solution was
prepared by dissolving 0.1 M of tetrabutylammonium perchlorate
in dimethyl sulfoxide, and the cell was filled with the electrolyte
solution. To this quartz cell, light was applied from a deuterium
tungsten halogen light source (DH-2000, manufactured by Ocean
Optics, Inc.). The transmitted light was detected by a
spectrometer (USB4000, manufactured by Ocean Optics, Inc.), to
measure the absorption spectrum. The absorption spectra of the
discolored state and colored state are preseﬁted in FIG. 22. In
the discolored state before applying voltage, there was no
absorption in the entire visible region of 400 nm to 700 nm, and
the electrochromic display layer was transparent. When the
voh.;age of -1.5 V was applied using a potentiostat (ALS-660C,
manufactured by BAS Inc.), the electrochromic display layer was
colored in black.

FIG. 23 depicts a comparison between the absorption

spectrum of the discolored state of the electrochromic display
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léyer (d) of Example 18 and the absorption spectrum of the
discolored state of the electrochromic display layer (d) of
Comparative Example 1. In Comparative Example' 1, the
absorption was observed at around 400 nm even in the discolored
state, and the discolored body had tinted more than the
electrochromic compound of Example 1.

The electrochromic display elements (d) produced in
Example 18 and Comparative Example 1 were each subjected to
comparison evaluation of coloring and discoloring. The
evaluation of coloring/discoloring was carried out by applying
diffused light using a spectrophotometer MCPD7700,
manufactured by Otsuka Electronics Co., Ltd. The color value
was evaluate.d in CIE L*a*b* color space, and a* and b* were
plotted in FIG. 24.

In the colored state after applying the voltage of -4.0 V to
each display element, both of the electrochromic display elements
of Example 18 and Comparative Example 1 had the values of a*
and b* plotted to very close to the starting point (0), and it was
confirmed that they were both coloréd substantially in black.

In the discolored state before applying the voltage, the
plotted values a* and b* of Example 18 indicated that the color of
Example 18 was substantially the same to Japan Color White
that would be plotte‘d on the starting point. On the other hand,
Comparative Example 1 had a large value of b*, which indicated

that it was tinted with yellow.
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It was found from the results above that Example 18 had
fewer tints in the discolored state and had high white reflectance
in comparison between the electrochromic display element of
Example 18 and that of Comparative Example 1.

[Example 19]

[Production and Evaluation of Electrochromic Dimming Element]
(a) Formation of Display Electrode and Electrochromic Display
Layer

First, a glass substrate with FTO electric conductive film
in the size of 25 mm X 30 mm (manufactured by AGC Fabritech
Co., Ltd.) was provided. Onto the 19 mm X 15 mm region of the
top surface of the glass substrate, a titanium oxide nano particle
dispersion liquid (SP210, manufactured by Showa Titanium K.K.)
was applied by spin coating, followed by performing ‘annealing for
15 minutes at 120°C, to thereby form a titanium oxide particle
film. Onto the titanium oxide particle film, a 1% by weight

2,2,3,3-tetrafluoropropanol solution of the compound represented

by the structural formula (9) was applied as a coating liquid by

spin coating, and the applied solution was subjected to annealing
for 10 minutes at 120°C, to thereby form a display layer 5 having
the electrochromic compound adsorbed on surfaces of the
titanium oxide particles.

Note that, a structure of the produced electrochromic
dimming element conformed to the structure of FIG. 3 (provided

that, a white reflective layer was excluded).
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(b) Formation of Counter Electrode

Separately from the glass substrate, a glass substrate with
a 25 mm x 30 mm ITO electroconductive film (manufactured by
GEOMATEC Co., Ltd.) was provided, and used as a counter
substrate.

(c) Production of Electrochromic Dimming Element

A cell was produced by bonding the display substrate and
the counter substrate together via a spacer having a thickness of
75 pm. Next, 20% by Weight of tetrabutyl ammonium
perchlorate was dissolved in dimethyl sulfoxide, to thereby an
electrolyte solution. The electrolyte solution was then enclosed
in the cell, to thereby produce an electrochromic dimming
element.

[Coloring Discharging Comparison Test 2]

Light was applied to the dimming element (c) produced in
Example 19 from tungsten halogen light source (DH-2000,
manufactured by Ocean Optics, Inc.). The transmitted light was
detected by a spectrometer (USB4000, manufactured by Ocean
Optics, Inc.), to measure the absorption spectrum. In the
discolored state before applying voltage, there was no absorption
in the entire visible region of 400 nm to 700 nm, and the dimming
element was transparent. Especially, the transmittance at 550
nm was 80%. When the voltage of —6.0 V was applied to this
element for 2 seconds, the dimming element colored in black, and

it could be confirmed that the transmittance at 550 nm was
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reduced to 25%.

Ba’sed on the results above, the dimming element of high
contrast could be attained by using the electrochromic compound
represented by the structural formula (9).

[Example 20]
<Synthesis of Electrochromic Compound (10) [Structural Formula
(101>

<a> Synthesis of Intermediate (10-1)

q - BS\)O @
KA

Y

o \P
R N X

| l
N~ =ZN

Intermediate (10-1)

A flask was charged with 3.0 g of
2,4,6-trichloro-1,3,5-triazine, and was purged with argon gas.
To the flask, thereafter, dioxane (100 mL), pyridineboronic acid
pinacol ester (9.0 g), and PdCl2(PPhs)2 (300 mg) were added. To
the mixture, 2M K2CO;3 (14 mL) was added, and the resulting
mixture was stirred for 8 hours at 50°C, followed by stirring for
10 hours at room temperature. The resultant was filtered with
Celite, and water and chloroform were added to the filtrate to
separate an organic layer. Thereafter, a water layer was
extracted 3 times with chloroform. The combined organic layer
was washed with saturated salt water, followed by drying with

sodium sulfate to condensate the filtrate, to thereby obtain a
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crude product (the yielded amount: 4.5 g).

The crude product was purified by silica-gel column
chromatography (eluent: CHCls/methanol = 93/7), and the
obtained solids were dispersed and washed in chloroform/hexane.
The solids were collected by filtration, and the obtained solids
were vacuum dried to thereby obtain a target compound as white
solids (the yielded amount: 4.1 g, the yield: 81%).
<b> Synthesis of Electrochromic compound (10) [Structural

Formula (10)]

UK
+ /\M‘G\)IOH
O D “oH
O Bf/\k‘)?;/g\tm N ¢
o~ Gk
~ SOH
O ':z)lg\,(’\)%/d & + S bH

3Br -

Structural Formula (10)

A target, which was a colorless powder, was obtained using
the intermediate (10-1) and 8-bromooctyl phosphonate in the
same manner as in Example 18 <b>.

[Production and Evaluation of Electrochromic Display Element]

An electrochromic display element was produced in the
same manner as in Example 18, provided that the electrochromic
compound fof use was changed to the electrochromic compound
synthesized in Example 20.

[Coloring Discharging Test 3]

The absorption spectrum was measured in the same
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manner as in Example 18. The resulting absorption spectra are
depicted in FIG. 25. In the discolored state before applying
voltage, there was no absorption in the entire visible region of
400 nm to 700 nm, and the electrochromic display layer was
transparent. When the voltage of —1.5 V was applied using a
potentiostat (ALS-660C, manufactured by BAS Inc.), the
electrochromic display layer was colored in black.

Each electrochromic display element produced in each
Example colored in black as the voltage of ~3 V was applied for 3
seconds. At this time, the reflectance of 550 nm was as
presented in the following table.

Table 1

Reflectance (650 nm)/%

Example 1
Example 3
Example 4
Example 5
Example 6
Example 7
Example 8
Example 9
Example 10
Example 11
Example 12
Example 13
Example 14
Example 15
Example 16
Example 17
Example 18
Example 19
Example 20
Comparative
Example 1

OO [ s i s O s i | C00) 00| QOO o i
Slon|  |oo|| ol | o] o pof 0| ©| | 0| 3| e bo| | wo| @

The embodiments of the present invention are as follows:

<1> An electrochromic compound, represented by the following
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general formula (I):

General Formula (I)
where X to X4 are eaqh a substituent represented by the
following general formula (IT), an alkyl group that may contain a
functional group, an aromatic hydrocarbon group that may
contain a functional group, or a hydrogen atom, and at least two
selected from X; to X4 are the substituents represented by the

general formula (II):

General Formula (II)

where Ri to Rg are each independently a hydrogen atom, or
a monovalent group that may contain a substituent; B is a
substituted or unsubstituted monovalent group that may contain
a functional group; A" is a monovalent anion; and m is any of O to
3, and Ri to Rs, B, and m may each independently be different
when a plurality of the substituents represented by the general
formula (II) are present.

<2> The electrochromic compound according to <1>, wherein
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three selected from X; to X4 in the general formula (I) are the
substituents each represented by the general formula (II).

<3> The electrochromic compound according to <1>, wherein
any two selected from X;, X2, and X4 are the substituents each
represented by the general formula (II).

<4> The electrochromic compound, represented by the general

formula (IT1):

Riz A1, A2 Rao

General Formula (II)

where X3 1s a hydrogen atom, or a monovalent group that
may contain a substituent; Ri1 to R31 are each independently a
hydrogen atom, or a monovalent group that may contain a
substituent; B; and B2 are each independently a substituted or
unsubstituted monovalent group that may contain a functional
group; and A1l and A2  are each a monovalent anion.
<5> An electrochromic compound, represented by the following

general formula (IV) or (V):
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General Formula (V)

where X3 1s a hydrogen atom or a monovalent group that
may contain a substituent; Ri1 to R31 are each independently a
hydrogen atom or a monovalent group that may contain a
substituent; B1 and Bs are each independently a subst;ituted or
unsubstituted aliphatic hydrocarbon group that may contain a
functional group, or a substituted or unsubstituted aromatic
hydrocarbon group that may contain a functional group; A1 and
A2 are each a monovalent anion; m and n are each independently
1, 2, or 3; and Y is a bivalent organic group, which contains at
least one methylene group, and may contain a substituted or

unsubstituted aliphatic hydrocarbon group or a substituted or
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unsubstituted aromatic hydrocarbon group.

<6> The electrochromic compound according to any one of <1>
to <56>, wherein at least one selected from all B present, or B1, or
B2, or both contain a functional group capable of directly or
indirectly bonding to a hydroxyl group.

<7> The electrochromic compound according to <6>, wherein at
least one selected from X; to X4 in the general formula (I)
contains a functional group capable of directly or indirectly
bonding to a hydroxyl group.

<8> The electrochromic compound according to <6>, wherein
the functional group capable of directly or indirectly bonding to a
hydfoxyl group is a phosphonic acid group, a phosphoric acid
group, a carboxylic acid group, a silyl group, or a silanol group.
<9> “An electrochromic compound, represented by the folloWing

general formula (Ia):

b\

General Formula (Ia)

General Formula (Ila)

where at least two selected from X;, X2, and X3 each have a

structure represented by the general formula (IIa), and when two
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selected from X, X2, and X3 each have the structure represented
by the general formula (IIa), the rest is an aliphatic hydrocarbon
group that may contain a functional group, an aromatic
hydrocarbon group that may contain_a functional group, or a
hydrogen atom; Y1 to Ys are each independently a hydrogen atom,
or a monovalent group that may contain a substituent; R is a
substituted or unsubstituted monovalent group that may contain
a functional group; and m is any of 0 to 3; A" is a monovalent
anion, and Y1 to Ys, m, and A" of the general formula (ITa) in X;,
X2, or X3 of the general formula (Ia) may be independently
different.

<10> The electrochromic compound according to <9>, wherein
two selected from X, X2, and X3 of the general formula (Ia) each
have a structure represented by the general formula (IIa).

<11> The electrochromic compound according to <9> or <10>,
wherein at least one of all R of the general formula (IIa) present
contains a fun‘ctional group capable of directly or indirectly
bonding to a hydroxyl group.

<12> The electrochromic compound according to any one of <9>
to <11>, wherein at least one selected from X; to X3 of the general
formula (Ia) contains a functional group capable of directly or
indirectly bonding to a hydroxyl group.

<13> The electrochromic compound according to any of <11> or
<12>, wherein the functional group capable of directly or
indirectly bonding to a hydroxyl group is a phosphonic acid group,
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a phosphoric acid group, a carboxylic acid group, a silyl group, or
a silanol group.
<14> An electrochromic composition, containing:

the electrochromic compound according any one of <1> to
<13>; and

an electroconductive or semiconductive nanostructure, to
which the electrochromic compound 1s bonded or adsorbed.
<15> A display element, containing:

a display elecfrode;

a counter electrode facing the display electrode with a
space therebetween; and

an electrolyte provided between the display electrode and
the counter electrode,

wherein the electrochromic compound according to any one
of <1> to <13> or the electrochromic composition according to
<14> is provided on a surface of the display electrode.
<16> ‘A dimming element, containing:

a display electrode;

" a counter electrode facing the display electrode with a

space therebetween; and

an electrolyte provided between the display electrode and
the counter electrode,

wherein the electrochromic compound according to any one
of <1> to <13> or the electrochromic composition according to

<14> i1s provided on a surface of the display electrode, and
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the electrolyte are transparent.

Reference Signs List

5 1

2

10 5

10
20

30

display electrode
counter‘electrode
electrolyte

electrochromic compound
electrochromic composition
display layer

white reflective layer
display element

display element

dimming element
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CLAIMS

1. An electrochromic compound, represented by the following

general formula (I):

4
i

{

5 - General Formula (I)
where X; to X4 are each a substituenf represented by the
following general formula (II), an alkyl group that may contain a
functional group, an aroﬁatic hydrocarbon group thét may
contain a functional group, or a hydrogen atom, and at least two
10 selecfed from X; to X4 are the substituents represented By the

general formula (II):

General Formula (II)
where R1 to Rs are each independently a hydrogen atom, or
15 a monovalent group that may contain a substituent; B is a
substituted or unsubstituted monovalent group that may contain
a functional group; A" is a monovalent anion; and m is any of 0 to
3, and Ri1 to Rg, B, and m may each independently be different

when a plurality of the substituents represented by the general
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formula (II) are present.

2. The electrochromic compound according to claim 1,
wherein three selected from X; to X4 in the general formula (I) are
the substituents each represented by the general formula (II).

3. The electrochromic compound according to claim 1,
wherein any two selected from X1, X2, and X4 are the substituents
each represented by the general formula (II).

4. The electrochromic compound, represented by the general

formula (III)Z

General Formula (III)
where X3 is a hydrogen atom, or a monovalent group that

may contain a substituent; Ri: to R3; are each independently a

“hydrogen atom, or a monovalent group that may contain a

substituent; B: and B2 are each independently a substituted or
unsubstituted monovalent group that may contain a functional
group; and A1l- and A2 are each a monovalent anion.

5. An electrochromic compound, represented by the following

general formula (IV) or (V):
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General Formula (V)

where X3 is a hydrogen atom or a monovalent group that
may contain a substituent; Ri11 to R3; are each independently a
hydrogen atom or a monovalent group that may contain a
substituent; B1 and B2 are each independently a substituted or
unsubstituted aliphatic hydrocarbon group that may contain a
functional group, or a substituted or unsubstituted aromatic
hydrocarbon group that may contain a functional group; A1- and
A2 are each a monovalent anion; m and n are each independently
1; 2,or 3; and Y i1s a bivalent organic group, which contains at
least one methylene group, and may contain a substituted or

unsubstituted aliphatic hydrocarbon group or a substituted or
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unsubstituted aromatic hydrocarbon group.

6. The electrochromic compound according to any one of
claims 1 to 5, wherein ét least one selected from all B present, or
B1, or B2, or both contain a functional group capable of directly
or indirectly bonding to a hydroxyl group. |

7. The electrochromic compound according to claim 6,
wherein at least one selected from X; to X4 in the general formula
(I) contains a functional group capable of directly or indire‘ctly
bonding to a hydroxyl group.

8. The electrochromic compound according to claim 6,
wherein the functional group capable of directly or indirectly
bonding to a hydroxyl group is a phosphonic acid group, a
phosphoric acid group, a carboxylic acid group, a silyl group, or a
silanol group.

9. An electrochromic compound, represented by the following

general formula (Ia):

General Formula(la)

General Formula (Ila)

where at least two selected from X;, X2, and X3 each have a
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structure represented by the general formula (IIa), and when two
selected from X;, X2, and X3 each have the structure represented
by the general formula (IIa), the rest is an aliphatic hydrocarbon
group that may contain a functional group, an aromatic
hydrocarbon group that may contain a functional group, or él
hydrogen atom; Y1 to Yg are each independently a hydrogen atorﬁ,
or a monovalent group that may contain a substituent; R is a
substituted or unsubstituted monovalent group that may contain
a functional group; and m is any of 0 to 3; A" 1s a monovalent
anion, and Y1 to Ys, m, and A" of the general formula (Iia) in X1,
X3, or X3 of the general formula (Ia) may be independently
different.

10. The electrochromic compound according to claim 9,
wherein two selected from X, Xz, and X3 of the general formula
(Ia) éach have a structure represented by the general formula
(I1a).

11. The electrochromic compound according to claim 9 or 10,
wherein at least one of all R of the general formula (ITa) present
contains a functional group capable of directly or indirectly
bonding to a hydroxyl group.

12. The electrochromic compound according to any one of
claims 9 to 11, wherein at least one selected from X; to X3 of the
general formula (Ia) contains a functional group capable of
directly or indirectly bonding to a hydroxyl group.

13. The electrochromic compound according to any of claim 11
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or 12, wherein the functional group capable of directly or
indirectly bonding to a hydroxyl group is a phosphonic acid group,
a phosphoric acid group, a carboxylic acid group, a silyl group, or
a silanol group.
14. An electrochromic composition, comprising:

the electrochromic compound according any one of claims 1
to 13; and

an electroconductive or semiconductive nanostructure, to
which the electrochromic compound is bonded or adsorbed.
15. A display element, comprising:

a display electrode;

a counter electrode facing the display electrode with ab
space therebetween; and

an electrolyte provided between the display electrode and

the counter electrode,

wherein the electrochromic compound according to any one
of claims 1 to 13 or the electrochromic composition according to
claim 14 is provided on a surface of the display electrode.
16. A dimming element, comprising:

a display electrode;

a counter electrode facing the display electrode with a
space therebetween; and

an electrolyte provided between the display electrode and
the counter electrode,

wherein the electrochromic compound according to any one
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of claims 1 to 13 or the electrochromic composition according to
claim 14 is provided on a surface of the display electrode, and
wherein the display electrode, the counter electrode, and

the electrolyte are transparent.
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FIG. 15
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