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light region. The organic compound has a struc-
ture represented by Formula [1] according to
Claim 1. In Formula [1], Aiand A, represent sub-
stituents, and at least one of Ai and Azisan alkyl
group having 1to 20 carbon atoms, an akoxy
group having 1to 20 carbon atoms, or an option-
ally substituted aryl group. Ri represents a sub-
stituent, X represents an electrochromic portion,
and n isan integer of 1to 3.
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DESCRI PTI ON
NOVEL ORGANIC  COVPOUND

Techni cal Field

[ 0001] The present invention relates to a novel

el ectrochromi c organic conpound.

Backgr ound Art

[ 0002] Various materials have been reported as

el ectrochromic (hereinafter may be abbreviated as "EC')
materials of which optical absorption properties (colored
state and light transm ttance) are changed by an

el ectrochem cal oxidation-reduction reaction.

[ 0003] Though netal oxides such as WOz are known as
inorganic EC materials, the nmethod of formng a film from
such a nmetal oxide is limted to, for exanple, deposition,
whi ch di sadvant ageously prevents formation of a |arge-size
film

[ 0004] Organic EC materials are described in, for exanple,
PTL 1 disclosing an EC device including a conductive polyner
and PTL 2 disclosing an EC device including an organic |ow
nmol ecul ar-wei ght conpound such as viol ogen

[ 0005] The conductivé pol ymer described in PTL 1 can be
directfy formed as an EC layer on an electrode by

el ectropol yneri zation of a nononer. As the conductive
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polynmer that forns the EC layer, for exanple, polythiophene,
pol yaniline, and polypyrrole are known.

[0006] In these conductive polyners, the n-conjugated
chain length of the main chain is changed by el ectrocheni cal
oxi dation or reduction of the polyner. This causes a change
in the electronic state of the highest occupied nolecular
orbital (HOMD) . As a result, the absorption wavelength of
the conductive polyner is changed.

[0007] These conductive polymers in electrically neutra
states absorb light in the visible light region. They,

t herefore, have colors. Oxidation of the conductive
polynmers shifts the absorption wavelengths to the |onger
wavel ength side.

[0008] The absorption in the visible Ilight region

di sappears by the shift of the absorption wavelength to the
infrared region side, and thereby the EC device is bleached.
[0009] In the EC material of the viol ogen-based conpound
described in PTL 2, dications are dissolved in a solution in
the bleached state, and viologen is converted into a radical
cation state by a reduction reaction to deposit on an

el ectrode and to have a color.

[0010] In PTL 1, though the stability is increased by

del ocalizing the unstable radical cation in its nolecule,
the stability is insufficient. Accordingly, repetition of

oxidation and reduction deteriorates the material to



WO 2013/099523 PCT/JP2012/081221

decrease the performance of the EC device.

[0011] Furthernore, the conductive polynmers absorb visible
light in the electrically neutral state, i.e., the polymers
have colors. Accordingly, if there is a portion in which

the electrochemical reaction for discoloring is insufficient,
remant occurs to make it difficult to give high

transparency.

[0012] The vi ol ogen-based EC organic conmpound in PTL 2
repeats deposition and dissolution and thereby causes a
deterioration phenonmenon.

[ 0013] This deterioration phenomenon is believed to be
caused by insolubilization owing to irreversible
crystallization or polymerizati onl and to cause "remant" in
whi ch transparency is not obtained even in the state for

bl eaching .

[ 0014] In addition, the viologen-based EC organic conpound
generates an unstable radical cation when reduced. Since

t he vi ol ogen-based EC organic conpound does not have a
mechanism for stabilizing the radical cation in the nolecule,
the radical cation is unstable. Accordingly, the durability
of the device is low

Ctation Li st

Pat ent Literature

[ 0015] PTL 1 Japanese Pat ent Lai d- Open No. 56-67881

PTL 2 Japanese Patent Laid-COpen No. 51-146253
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Sunmary of Invention

[ 0016] The present invention provides an EC organic
conmpound that shows high transparency in the bleached state
and has high durability.

[0017] The organic conpound is represented by the
following Formula [1]:

[0018]

[Chem 1]

R~~~ x =~
\ /7

(1]

[ 0019] In Formula [1], A; and A, are each independently
selected from the group consisting of hydrogen atons, alKkyl
groups having 1 to 20 carbon atons, alkoxy groups having 1
to 20 carbon atoms, and optionally substituted aryl groups,
and at l|east one of A; and A, is selected from the alKkyl
groups, the alkoxy groups, and the aryl groups. The aryl
groups each optionally have a substituent of an al kyl group
having 1 to 4 carbon atons or an al koxy group having 1 to 4
carbon atons.

[ 0020] Each R; independently represents a hydrogen atom a

hal ogen atom an alkyl group having 1 to 20 carbon atons, an
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al koxy group having 1 to 20 carbon atons, an alkyl ester
group having 1 to 20 carbon atoms, an optionally substituted
aryl group, an optionally substituted amno group, or a
cyano group; and two or nore Ry's may be the sanme or

di fferent

[ 0021] The aryl group optionally has a substituent of an
al kyl group having 1 to 4 carbon atons; n is an integer of 1
to 3; and X has a structure represented by any one of the
following Forrmulae [21 to [4. Wwen nis 2 or 3, Xs are
each independently selected from the followi ng Fornulae [2]
to [4]

[ 0022]

[Chem 2]

55 [2]

[ 0023]

[Chem. 3]

Jd o

/ \
s; [3]
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[ 0024]
[Chem 4]
Rs

N

[ S
S N ]
Rs [4]

[ 0025] In Formulae [2] to [4], R,, m and Ry are each

i ndependently selected from the group consisting of hydrogen
atoms, hal ogen atoms, alkyl groups having 1 to 20 carbon
atonms, al koxy groups having 1 to 20 carbon atons, optionally
substituted aryl groups, alkyl ester groups having 1 to 20
carbon atoms, optionally substituted amno groups, and cyano
groups; and rgq represents an alkylene group having 1 to 20
carbon atons .

Brief Description of Draw ngs

[ 0026] Fig. 1 is a diagram showing a nolecular nodel of an
exanpl e of the organic conmpound according to the present

i nvention .

Fig. 2 shows ultraviolet and visible absorption spectra
showi ng el ectrochromc characteristics of Exenplary Conpound
A-11 in Exanple 7.

Descri ption of Enbodi nent

[0027] The present invention relates to an organic
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conmpound represented by the following Fornula [1]:

[0028]
[Chem 5]
Az Az
Ri~ = — R
N /X T\ 7
A1 A1 o
[0029] In Formula [1], A; and A, are each independently

selected from the group consisting of hydrogen atons, alkyl
groups having 1 to 20 carbon atons, alkoxy groups having 1
to 20 carbon atons, and optionally substituted aryl groups;
and at |east one of A; and A2 is selected from the alkyl
groups, the al koxy groups, and the aryl groups. The aryl
groups each optionally have a substituent of an al kyl group
having 1 to 4 carbon atoms or an alkoxy group having 1 to 4
car bon atons.

[0030] Each R, independently represents a hydrogen atom a
hal ogen atom an alkyl group having 1 to 20 carbon atons, an
al koxy group having 1 to 20 carbon atons, an alkyl ester
group having 1 to 20 carbon atons, an optionally substituted
aryl group, an optionally substituted anmno group, or a
cyano group. The aryl group optionally has a substituent of

an al kyl group having 1 to 4 carbon atons; n is an integer



WO 2013/099523 PCT/JP2012/081221

of 1to 3; and X has a structure represented by any one of
Formulae [2] to [4 shown below. Wien n is 2 or 3, X' s are
each independently selected from Formulae [2] to [4].

[ 0031] The al kyl group having 1 to 20 carbon atons
represented by A; or A, may be linear, branched, or cyclic,
and specific exanples thereof include nethyl, ethyl, n-
propyl, isopropyl, n-butyl, t-butyl, pentyl, octyl, dodecyl,
cycl ohexyl, bicyclooctyl , and adamantyl groups.

[ 0032] The hydrogen atons of the alkyl group may be
partially or wholly substituted by fluorine atons, for

exanple, as a trifluoronmethyl group.

[ 0033] From the viewpoint of easiness in synthesis, the
al kyl group can be a nethyl, ethyl, isopropyl, or t-butyl
group, in particular, can be a nethyl, ethyl, or isopropyl
group .

[ 0034] Exanpl es of the al koxy group represented by A; or
A, include nethoxy, ethoxy, isopropoxy, n-butoxy, t-butoxy,

et hyl hexyl oxy, octyloxy, and decyl oxy groups.

[ 0035] Exanpl es of the aryl group represented by A, or A,
i ncl ude phenyl, biphenyl, terpheﬁyl, fluorenyl, naphthyl,
fluoranthenyl, anthryl, phenanthryl, pyrenyl, and perylenyl
groups. From the viewpoint of easiness in synthesis, the
aryl group can be a phenyl or biphenyl group.

[ 0036] Exanpl es of the optional substituent of the aryl

group include hal ogen atons, alkyl groups having 1 to 4
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carbon atons, alkoxy groups having 1 to 4 carbon atons, aryl
groups, aralkyl groups, substituted am no groups, and
substituted silyl groups.

[ 0037] Speci fic exanples of the alkyl groups, the alkoxy
groups, and the aryl groups are the sane as those of the
al kyl, al koxy, and aryl groups nentioned above as the
substituents that may be introduced into A; or A,. The
hydrogen atons of the alkyl group may be substituted by
fluorine atons.

[ 0038] At least one of Ai and A, is selected from alkyl,
al koxy, and aryl groups. \Wen at |east one of A; and A, is
selected from alkyl, alkoxy, and aryl groups, the other may
be a hydrogen atom

[ 0039] Exanpl es of the alkyl, alkoxy, and aryl groups as
the substituent represented by R; are the same as those of
the alkyl, alkoxy, and aryl groups nentioned above as the
substituents that may be introduced into A; or A,.

[ 0040] Exanpl es of the alkyl ester group having 1 to 20
carbon atoms represented by Ri include nethyl ester, ethyl
ester, n-propyl ester, isopropyl ester, n-butyl ester, t-
butyl ester, pentyl ester, isopentyl ester, t-anyl ester,
hexyl ester, heptyl ester, octyl ester, ethylhexyl ester,
cycl opentyl ester, and cycl ohexyl ester groups.

[0041] O her exanples of the substituents represented by

Ry include substituted ami no groups such as dinethylam no
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and di phenyl am no groups; and cyano ¢roups.

[0042] Anmong these substituents , el ectron-donating
substituents have an effect of increasing the electron
density of the thiophene or thiazole noiety of the core.
The electron donation of such a substituent decreases the
oxidation potential to reduce the driving voltage when it
used in an EC device and enhances the stability of the

radi cal cation generated by oxidation.

[ 0043] Accordingly, in particular, the substituent
represented by Ri can be a group having high electron-
donating properties such as a nethyl, ethyl, methoxy,

i sopropoxy, or dinethylamno group.

[ 0044] Furthernore, anong these substituents represented
by RrR;, polar substituents such as al koxy groups and al kyl
ester groups can increase solubility of the conpound in
polar solvents and, therefore, can be used particularly in
EC devices having electrochromic |layers and electrolyte

| ayers as solution |ayers.

[ 0045] This is because that the contrast in the colored
state can be enhanced by dissolving EC materials in the EC
| ayer and the electrolyte |ayer at high concentrations. In
particular, fromthis viewoint, the substituent represented
by R; can be a nethyl ester, isopropyl ester, t-butyl ester,
met hoxy, or isopropoxy group.

[ 0046] The organic conpound according to the present
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invention has a structure shown in Formula [1], i.e., a
structure including a core portion represented by X conposed
of a thiophene or thiazole skeleton serving as a light-
absorbing noiety and cage noiety each having a phenyl group
havi ng substituents at the ortho positions with respect to
the core skel eton.

[0047] The structure of the phenyl group having
substituents at the ortho positions to form the cage noiety
will now be described.

[0048] The phenyl group has substituents at the ortho
positions and can t herefore prevent the core noiety from
being in contact with other nolecules.

[0049] The skeleton of the core noiety wll now be

descri bed. In Fornmula [1], X representing the skeleton of
the core nmoiety has a structure represented by any one of
Formulae [2] to [4 shown below. Wien n is 2 or 3, X' s are
each independently selected from Fornulae [2] to [4 . The
structure represented by Formula [2] or [3] is constituted
of a thiophene skeleton. The structure represented by
Formula 1[4 is constituted of a thiazole skeleton.

[0050]

[Chem 6]
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[ 0053] In Fornul ae

i ndependently sel ected

atons, hal ogen atons,

12

(4]

[4],

from the group consisting

PCT/JP2012/081221

and Rg are each

of hydrogen

groups having 1 to 20 carbon
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atonms, al koxy groups having 1 to 20 carbon atons, optionally
substituted aryl groups, al kyl ester groups having 1 to 20
carbon atons, optionally substituted am no groups, and cyano
groups; and R, represents an alkylene group having 1 to 20
carbon atons.

[0054] Fig. 1 is a diagram showing a nolecular nodel of an
exanple of the organic conmpound according to the present

i nvention. The conpound shown in Fig. 1 has the follow ng
chem cal fornula:

[0055]

[Chem. 9]

/\
\OO/

O O
~

[0056] Fig. 1 shows a steric structure of an organic
compound nol ecule according to the present invention when A;
or A, is an isopropoxy group or a nmethoxy group and X is

3, 4- et hyl enedi oxyt hi ophene

[0057] In the steric structure shown in Fig. 1, the
structural optimzation calculation of the ground state was

performed using electronic state calculation software,
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Gaussian 03*, Revision D 4. On this occasion, density
functional theory was enployed as the quantum chemical

conput ati on, and B3LYP was used as the functional. In
Gaussian 03, Revision D.d, 6-31G was used as the base
function .

* @Gaussian 03, Revision D 4,

M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria,

M. A. Robb, J. R. Cheeseman, J. A. Montgonery, Jr., T.

Vreven, K. N. Kudin, J. C. Burant, J. M. Mllam s. s.

|l yengar, J. Tommsi, V. Barone, B. Mennucci, M. Cossi, G.
Scalmani, N. Rega, G. A. Petersson, H. Nakatsuji, M. Hada, M.
Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T.
Nakajima, Y. Honda, 0. Kitao, H. Nakai, M. K ene, X. Li, 1J.
E. Knox, H. P. Hatchian, J. B. Cross, V. Bakken, c. Adano,

J. Jaranmillo, R. CGonperts, R. E. Stratmann, 0. Yazyev, A. J.
Austin, R. Cammi, c. Ponelli, J. w. Cchterski, P. Y. Ayala,

K. Mdrokuma, G. A. Voth, P. Salvador, J. J. Dannénberg, V. G.
Zakrzewski, s. Dapprich, A. D. Daniels, M. C. Strain, 0.
Farkas, D. K. Malick, A. D. Rabuck, K. Raghavachari, J. B.
Foresman, J. v. Otiz, Q. Cui, A. G. Baboul, s. difford, J.
Ci osl owski B. B. Stefanov, G. Liu, A. Liashenko, P. Piskorz,
I . Komaromi, R. L. Martin, D. J. Fox, T. Keith, M. A. Al -
Laham <c. Y. Peng, A. Nanayakkara, M. Chal | aconbe, P. M. W.
Gll, B. Johnson, W. Chen, M. W. Wng, C. Gonzalez, and J. A.

Pople, Gaussian, Inc., Wallingford CT, 2004.
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[ 0058] In Fig. 1, the reference nuneral 11 designates a
3, 4- et hyl enedi oxyt hi ophene plane, and the reference nuneral
12 designates cage npoieties each constituted of a phenyl
group having an isopropoxy group and a methoxy group.

[ 0059] In this structure, the 3, 4-ethyl enedi oxythi ophene
pl ane serving as the core noiety is prevented from com ng
into internmolecular contacts with other nolecules by the
cage noieties of the phenyl groups each having Ai and A,.

[ 0060] The plane of the core noiety represented by X lies
in a plane that is approximtely perpendicular to the cage
noieties formed of the aromatic rings of the phenyl groups
having A; and A,.

[ 0061] Accordingly, the nolecule has a shape such that the
aromatic rings having substituents of bulky steric hindrance
groups represented by A; and A, enclose the core noiety in
which the radical cation is mainly generated. Thus, the
phenyl groups have an effect (cage effect) of preventing the
core noiety from being in contact with other nolecul es. The
bul ky steric hindrance groups can each have a structure that
is nore bulky than a methyl group for achieving the effect.
[ 0062] The structure represented by X serving as the core
noi ety of the organic conpound according to the present
invention is a light-absorbing noiety. The nunber of the

t hi ophene ring or the thiazole ring represented by n in

Formula [1] is one to three, and therefore the mn-conj ugated
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system is shorter than that of a conductive polyner. A
shorter m-conjugated system neans that the absorbed |ight

has hi gher energy. Light having higher energy has a shorter
wavel engt h

[ 0063] Accordi ngly, the organic compound according to the
present invention in the neutral state shows |ight

absorption in the ultraviolet region, but does not show
light absorption in the visible Ilight region to show high

t ranspar ency.

[ 0064] In addition, the organic conpound in the oxidized
state shows light absorption in the visible Ii ghf region and
is in the colored state. In contrast, t he conductive

polymer in the neutral state shows |light absorption in the
visible |light region, and therefore, even in the oxidized
state, "remant" having an absorption band in the visible

light region occurs in a portion where the electrochenical

reaction is insufficient.

[ 0065] The organic conpound according to the present
i nventi on, however, does not have an absorption band in the
visible [light region. Ther ef or e, the organic conpound can

. maintain high transparency, even if there is a portion where
the el ectrocheni cal reaction is insufficient.
[ 0066] Since the conpound of the present invention,
however, has a m-conjugated system shorter than that of the

conductive polyner, the stability of the radical cation of X
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serving as the core noiety is insufficient.

[ 0067] Accordingly, in the compound of the present

i nvention, the phenyl grdups linked to the thiophene

skel eton or thiazole skeleton as the core noiety each have
substituents at the ortho positions with respect to the core
noi ety.

[ 0068] The steric hindrance by the phenyl groups having
bul ky substituents protects the core noiety, which generates
a radical cation.

[ 0069] The instability of the radical cation is caused by,
for exanple, reconbination between radicals due to high
reactivity of the radical or hydrogen abstraction from other
nol ecules by the radical. That is, the instability is
caused by a reaction of a radical that has been brought into
contact with other nolecules.

[ 0070] Therefore, the steric hindrance by the phenyl
groups having substituents at the ortho positions wth
respect to the core noiety highly enhances the stability of
the radical cation by the steric hindrance groups preventing
the core noiety from being brought into contact wth other
nol ecul es . |

[ 0071] Furthernore, the structure of each phenyl group
(cage noiety) having the steric hindrance groups Ai and A,
protects the oxidation coloring noiety (core noiety) from

attack by other substrates existing as, for exanple, other
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el ectrochromc material nolecules or inpurities. The cage
moiety is required to have a nol ecul ar shape of enclosing
the core noiety, and the phenyl groups are required to have
substituents that are bulky as nuch as possible.

[0072] The solubility of the conpound in a polar solvent
can be increased by using polar substituents such as al koxy
groups as the steric hindrance groups A, and A,. Accordingly,
in particular, the steric hindrance groups can be polar
substituents that are at |east nore bul ky than a nethoxy
group .

[0073] The cage noiety according to the embodi ment does
not generate nol ecular conjugation with the core noiety.

Whet her nol ecul ar conjugation is generated or not is the
boundary between the core noiety and the cage noiety.

[0074] In actual nolecul es, however, the nolecular orbital
is not conpletely interrupted because of fluctuation due to
thermal notion or quantum chem cal fluctuation. In the
enbodi nent, when the resonance is small, it is regarded that
t he nol ecul ar conjugation is not generated.

[0075] Since a smaller resonance between the core noiety
and the cage npiety is advantageous, it is advantageous that
the angle fornmed by the n electron orbitals of the core

nmoi ety and the cage noiety is approxinmately 90°.

[0076] Furthernore, in order to achieve the cage effect,

the cage nmoiety has a structure in which the oxidation
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potential is relatively higher than that of the core noiety
having a |low oxidation potential so that the cage noiety is
hardl y oxi di zed.

[0077] It is believed that in such a configuration, the
radical cation in the oxidized state is localized in the
core noiety to block the core noiety from attack from the
outside of the nolecule by the shielding structure of the
cage noiety, resulting in a remarkable inprovenent in
stability of the radical cationic state.

[0078] The radical cation generated in the core noiety can
be stabilized by increasing the elhectron density of the core
moiety. It is therefore advantageous that the substituents
Ai and A2 of the phenyl group in the cage portion have

el ectron-donating properties. Exanpl es of the substituent
having a high electron-donating property and high steric

hi ndrance include isopropoxy, t-butoxy, and ethylhexyl oxy
groups .

[0079] Specific structural formulae of the conpounds
according to the present invention are exenplified below,
but the conpounds according to the present invention are not
[imted thereto.

[0080]

[ Chem 10]
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Salys
A-1 A-2

[0081]

[Chem. 11;
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[0084]

[Chem. 14]
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[ 0086]

[Chem 16]

[ 0087] Among the exenplified conmpounds, in the conmpounds
belonging to Goup A, n in Fornula [1] is an integer of 1;
in the conpounds belonging to Goup B, n is an integer of 2;
and in the conpounds belonging to Goup C, n is an integer

of 3.

[ 0088] The structures represented by Ai and A, are
introduced into the ortho positions of each phenyl group and
form skeletons to protect the thiophene skeleton or thiazole
skel eton serving as the core noiety through the cage effect

by the steric hindrance.
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[ 0089] Accordingly, these organic EC conpounds can have
high durability against repetition of oxidation and

reducti on.

[ 0090] The organic conmpound of the present invention shows
high stability against repetition of oxidation and reduction
and discolors in the electrically neutral state and
therefore can have high transparency that does not cause
remmant in the visible light region.

[ 0091] Wien n in Formula [1] is an integer of 2 or nore,
the linking positions thereof are not particularly limted.
For exanple, in the case of X representing a thiophene ring,
the 2-position of one ring and the 5-position of another
ring can be linked to each other. In the case of X
representing a thiazole ring, simlarly, the 2-position of
one ring and the 5-position of another ring can be linked to
each other.

[ 0092] The compound according to the present invention can
be synthesized using the reactions shown by the follow ng
Formulae 1[5 . In the fornmulae, X represents a hal ogen atom
The conpound can be synthesized by a coupling reaction
catalyzed by a Pd catalyst using a conbination of a

hal ogenated core noiety conpound (thiophene or thiazole
derivative) and a boronic acid or boronic acid ester
compound of a phenyl group having substituents at the ortho

positions or a conbination of a boronic acid or boronic acid
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ester conmpound of a core npoiety conmpound and a hal ogenat ed
phenyl group having substituents at the ortho-positions. As
an exanple, a synthetic schene when the core noiety is

t hi ophene is shown in Fornulae [5] .

[ 0093]
[Chem. 17]
A1
X A1 Al
o] A2 / \
Xosdelr - L0
0 o Pd cat./base A2 A2
A1
0
B’ ]i
AN e,
7\
> ]\
X" s X Pd cat./base Dt
A2 A2
[5]
[ 0094] The electrochromic mnmaterial according to the

present invention can be used in a known el ectrochromc

devi ce configuration. For exanple, an electrochrom c device
can be forned by disposed an electrochromc phase and an

el ectrolyte layer between a pair of electrodes.

[ 0095] The el ectrochromic phase nay be a solid phase
formed by forming a film from the organic conpound according

to the present invention on an el ectrode or may be a
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solution phase formed by dissolving the organic conmpound
according to the present invention in an electrolyte
solution.

[0096] In the solid electrochromc phase, the filmmay be
formed fromthe organic conmpound according to the present
invention on an el ectrode substrate by any nethod, for
exanpl e, by dissolving the conmpound in an appropriate
solvent and applying it by a known coating nethod (e.g.,
spin coating, dipping, casting, an LB nethod, or an ink-
jetting nmethod) , vacuum deposition, ionized deposition,
sputtering, or plasnma coating.

[0097] In the solution electrochromc phase, the organic
conpound according to the present invention and a supporting
el ectrolyte are dissolved in an appropriate solvent (e.g.,
water or an organic polar solvent such as ethanol, propylene
carbonate, ethylene carbonate, dinmethyl sulfoxide, Y-

butyrol actone, or acetonitrile) , and the solution is

i njected between a pair of electrode substrates to form a
devi ce .

[0098] The EC device according to the enbodi ment my be
formed by any nethod, for exanple, by injecting a solution
containing the EC organic conmpound prepared in advance into
the gap formed between a pair of electrode substrates by a
vacuum injection, air injection, or meniscus nmethod

[0099] The EC device according to the enbodiment can be
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used in an optical filter, a lens unit, or an image pickup
apparatus .

[0100] The EC device according to the enbodi ment has high
durability, shows high transparency in the bleached state,
and shows rapid responses of coloring and discoloring.
Accordingly, the device can be suitably used for controlling
quantity of incident light to an image pickup elenent such
as a canera or controlling incident wavelength distribution
characteristics. The control of incident wavel ength
distribution is effective for color tenperature conversion
in image pickup.

[0101] That is, the quantity of light to be received by an
i mge pickup device or the incident wavel ength distribution
characteristics can be controlled by installing the EC
device in an optical path of an image pickup optical system
(lens system) conmmunicating with the image pickup device.
The image pickup optical system is also referred to as a

| ens system and an exanple thereof is a lens unit including
a plurality of |enses.

[0102] The EC device according to the enbodi ment connected
to a transistor functions as an optical filter. Exanples of
the transistor include TFTs and M M el enents.

[0103] The image pickup apparatus according to the

enbodi ment includes an image pickup device and an inage

pi ckup optical system having an optical film The EC device



WO 2013/099523 PCT/JP2012/081221
31

of the image pickup apparatus may be disposed at any
position, i.e., may be disposed at any position in front of
the image pickup system or in front of the image pickup
devi ce .

[ 0104] The EC device in the bleached state can exhibit

hi gh transparency to give a sufficient quantity of
transmtted light with respect to incident light, and the EC
device in the colored state can reliably shield the incident
light to give nodul ated optical characteristics. In
addition, the device shows excellent oxidation-reduction
repeating characteristics to have a long operating |life.
Advant ageous Effects of Invention

[0105] The present invention can provide an electrochromc
organi c compound showing high stability against repetition
of oxidation and reduction and high transparency in the

bl eached state wi thout showing |ight absorption in the

visible light region.
Exanpl es
[0106] The present invention will be described nore

specifically by Exanmples, but is not limted thereto.
Exanple 1

Synthesis of Exenplary Conpound A-6

[0107]

[ Chem 18]
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OCH;
_OH N y
B oH o o
OCH(CH,) /\
/B 372
A 2 Y
Pd(OAc),/S-Phos/K;PO, o Q
Toluene/THF /Q )\
XX-1 A-6
[ 0108] In a 50-nL reaction container, 241.9 mg (1.0 mmol)

of XX-1 (2, 5-di bronot hi ophene) and 753.1 mg (3.5 mml) of 2-
i sopr opoxy- 6- met hoxyphenyl bor oni c acid were nmixed in a

tol uene/tetrahydrof uran (4 nm/4 nlL) solvent mxture, and

di ssol ved oxygen was renpved by nitrogen. Subsequent |y, 4.5
mg (0.02 mml) of Pd(OAc) ,, 20.53 mg (0.05 mmol) of 2-

di cycl ohexyl phosphi no- 2 , 6'-di met hoxybi phenyl (S-Phos) , and
1162.4 mg (5.05 mmol) of tripotassium phosphate were added
to the mxture under a nitrogen atnosphere, followed by
heating to reflux at 110°C for 8 hours. The reaction
solution was cooled to room tenperature, concentrated under
reduced pressure, and subjected to silica gel chromatography
(rmobi I e phase: hexane/chlorof orm = 1/4) for isolation and
purification to give conmpound A-6 (362.8 ng, yield: 86.3%
as a white solid powder.

[ 0109] Mass-spectronetry (M8) and nuclear magnetic

resonance spectronetry (NWR) of conpound A-6 gave the
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results that the nolecular weight and the ratio of
integrated values of NWVR peaks well agreed wth the
structure of conpound A-6. Speci fically, 412 as Mt of this
compound was confirmed by nmatrix-assisted | aser desorption-
ionization nmass spectrometry (MALDI -MS) . The measurenent
results of NMR are shown bel ow

'HNMR (CDClg) © (ppm : 7.5 (s,2H), 7.17 (t,2H), 6.66 (d,2H)),
6.63 (d,2H), 4.54 (sept,2H), 3.48 (s,6H, 1.32 (s,12H).
CNWR (cpa ) o (ppm): 158.27, 156.32, 134.26, 128.23,
128. 06, 115.18, 108.30, 104.70, 71.78, 56.24, 22.49.
Exanple 2

Synthesis of Exenplary Conpound A-11

[0110]
[Chem 19]
OCH,
OH
O[_\O OH 0Q 00/

OCH(CH,;), / \
I_\S\ - O S
Pd(OAc),/S-Phos/K;PO, O 0o

Toluene/THF /« )\

XX-2
A-11
[0111] In a 50-nL reaction container, 500 mg (1.67 mmol)
of XX-2 (2, 5-di brono- et hyl enedi oxyt hi ophene) and 1.05 g (5.0

mml ) of 2-isopropoxy-6-nmet hoxyphenyl boronic acid were m xed
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in a toluene/tetrahydrofuran (10 nmL/5 mL) solvent mxture,
and dissolved oxygen was renmpoved by nitrogen. Subsequent | y,

19 mg (0.083 mml) of Pd(OAc) ,, 89 mg (0.22 mmol) of 2-

di cycl ohexyl phosphino-2 ', 6"'-di nmet hoxybi phenyl (S-Phos) , and
1.92 g (8.35 mml) of tripotassium phosphate were added to
the mxture wunder a nitrogen atnosphere, followed by heating
to reflux at 110°C for 7 hours. The reaction solution was
cooled to room tenperature, concentrated under reduced
pressure, and subjected to silica gel chromatography (rmobil e
phase: hexane/ et hyl acetate = 4/3) for isolation and
purification to give compound A-Il (420 nmy, vyield: 54% as a
white solid powder.

[0112] As in Exanple 1, the structure of conmpound A-Il was
confirmed by NVR and WMNALDI - M5 Specifically, 470 as M of
this compound was confirnmed by MALDI - M5 The neasurenment
results of NVR are shown bel ow

'HNWVR (CDCl;) o (ppm) : 7.21 (t,2H), 6.63 (d,2H), 6.60 (d,2H),
4.41 (m2H), 4.20 (s,4H), 3.81 (s,6H), 1.25 (s,6H), 1.24

(s, 6H) .

BCNWR (coa3) o (ppn: 159.01, 157.52, 138.10, 129. 20,

112. 07, 108.96, 108.36, 104.53, 71.80, 64.49, 56.06, 22.23.
Example 3

Synthesis of Exenplary Conpound A-18

[0113]

[ Chem 20]
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OCH;

OH
B Y
N OH ~ 0.
NS, Br OCH(CHy), 0 YN s
Br=°s N/ > S»—(N/ o
~N

Pd(OAc),/S-Phos/K;P0O, o)
Toluene/THF \(
XX-3 A-18
[0114] In a 50-nL reaction container, 559.5 mg (1.13 ranol)

of XX-3 and 771.0 mg (3.67 mmol) of 2-isopropoxy- 6-

nmet hoxyphenyl bor oni c acid were mxed in a

tol uene/tetrahydrof uran (6 nm./4 mL) solvent mxture, and

di ssol ved oxygen was renoved by nitrogen. Subsequent | y, 6.7
mg (0.03 nmmol) of Pd(OAc) ,, 21.3 mg (0.052 mmol) of 2-

di cycl ohexyl phosphi no- 2 ', 6'-di met hoxybi phenyl (S-Phos), and
1166.2 mg (5.06 nmol) of tripotassium phosphate were added
to the mixture wunder a nitrogen atnosphere, followed by
heating to reflux at 110°C for 8 hours.

[0115] The reaction solution was cooled to room

t enper at ur e, concentrated under redubed pressure, and
subjected to silica gel chromatography (rmobi l e phase:

hexane/ et hyl acetate = 4/1) for isolation and purification
to give conmpound A-18 (545.8 ng, yield: 72.59% as a white
solid powder.

[0116] As in Exanple 1, the structure of conpound A-18 was
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confirmed by NMR and MALDI - M5 Specifically, 664 as M" of
this compound was confirnmed by MALDI - MS. The nmeasurenent
results of NMR are shown bel ow

'"HNVR (CDCl;) 6 (ppm) : 7.3 (t,2H), 6.62 (d,2H), 6.58 (d,2H),
4.48 (m2H), 3.75 (s,6H), 2.51 (br,4H), 1.64 (m4H), 1.56
(d,12H), 1.29-1.13 (m20H), 0.81 (t,6H).

3¢ NMR (cbcl ;) o (ppm: 160.89, 159.47, 157.61, 156.54,

130. 33, 125.07, 110.58, 107.01, 103.68, 71.06, 56.06, 32.05,
30.36, 29.36, 29.28, 22.96, 22.43, 22.39, 14.46.

Exanple 4

Synt hesi s of Exenplary Conpound B-7

[0117]
[ Chem 21]
OCH,4
OH AN /
B‘OH 0o O
N\ _{ \ OCH(CHj3); I\ \
Br” 'S S” "Br = O S S O
Pd(OAc),/S-Phos/K,PO, O Q
XX-4 Toluene/THF A B-1 ™
[0118] In a 50-nmL reaction container, 326.3 mg (1.01 mmmol)

of XX-4 (2, 5-di bronpbi t hi ophene) and 749.8 mg (3.57 mml) of
2-i sopr opoxy- 6- met hoxyphenyl bor oni ¢ acid were mxed in a
t ol uene/ t et rahydr of uran (4 mb/4 L) solvent mxture, and

di ssol ved oxygen was renoved by nitrogen.
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[0119] Subsequent |y, 5.9 mg (0.026 mmol) of Pd(OAc) ,, 21.4
mg (0.052 mml) of 2-dicycl ohexyl phosphino-2 ',6'-
di met hoxybi phenyl (S-Phos), and 1123.7 mg (4.88 mml) of

tripotassxum phosphate were added to the mxture under a
nitrogen atnosphere, followed by heating to reflux at 110°C
for 8 hours.

[ 0120] The reaction solution was cooled to room

t enper at ur e, concentrated wunder reduced pressure, and
subjected to silica gel chromatography (rmobil e phase:
hexane/chlorof orm = 1/3) for isolation and purification to
give compound B-l1 (418.8 ng, vyield: 84.1% as a white solid
powder

[0121] As in Exanple 1, the structure of conmpound B-I was
confirmed by NVR and MALDI-MS . Specifically, 494 as M of
this conmpound was confirmed by MALDI - M. The nmeasurenent
results of NVR are shown bel ow

'H-NMR (CDCl;) o (ppm) : 7.48 (d,2H), 7.18 (t,2H), 7.17 (d,2H),
6.65 (d,2H), 6.62 (d,2H), 4.58 (sept,2H), 3.87 (s,6H), 1.36
(s, 12H) .

IsCNWR (coa ;) o (ppm): 158.12, 156.14, 137.72, 133.35,

130. 02, 128.42, 122.49, 114.24, 107.88, 104.54, 71.88, 56.27,
22. 46.

Example 5

Synthesis of Exenplary Conpound B-5

[ 0122]
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[ Chem 22]
OCH;
/\ OH
0O O “OH
/ \__S__Br OCH(CH,),
Br”~°s” 1\ J >
d &  PdOAcuSPhosikpo, L QP )~
\_/ Toluene/THF
XX-5 B-5
[0123] In a 50-nL reaction container, 440.1 mg (1 mml) of

XX-5 and 751.1 mag (3.58 mmol) of 2-isopropoxy-6-

nmet hoxyphenyl boronic acid were mxed in a

tol uene/tetrahydrof uran (4 nb/4 m) solvent mxture, and

di ssol ved oxygen was renoved by nitrogen. Subsequently, 5.1
mg (0.023 mmol) of Pd(OAc) ,, 22.8 mg (0.056 nmmol) of 2-

di cycl ohexyl phosphino-2 ', 6'-di nmet hoxybi phenyl (S-Phos) , and
1193.1 mg (5.18 mml) of tripotassium phosphate were added
to the mxture under a nitrogen atnosphere, followed by
heating to reflux at 110°C for 8 hours.

[0124] The reaction solution was cooled to room
tenperature, concentrated under reduced pressure, and
subjected to silica gel chromatography (nobile phase:

hexane/ ethyl acetate = 4/3) for isolation and purification
to give conpound B-5 (177.3 nmg, vyield: 29.03% as a white
solid powder.

[0125] As in Exanple 1, the structure of conpound B-5 was
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confirmed by NWMR and MALDI -Ms . Specifically, 610 as M' of
this conpound was confirnmed by MALDI - M5 The measurement
results of NVR are shown bel ow

IH NMR (CDClz) o (ppm : 7.21 (t,2H), 6.61 (d,2H), 6.58 (d,2H),
4.43 (sept,2H), 4.14 (br,8H), 3.79 (s,6H), 1.24 (d, 12H) .
3SCNMR (cpal 4) o (ppm): 159.52, 157.85, 138.58, 136.46

129. 74, 111.49, 108.52, 107.11, 104.46, 71.66, 65.21, 64.84,
56.43, 22.54.

Exanple 6

Synt hesi s of Exenplary Compound C3

[ 0126]
[Chem 23]
CeHaz
f\Bﬂ 4
AN g o S Calts Fefis Ii«(N—Br
Br—g” Br XX-6 IN_ s. [\
> $ \/ s O o

Pd(OACc),/S-Phos/K3P0 4
XX-1 Toluene/THF

Pd(OAc),/S-Phos/K;PO,
XX-8 “Toluene/THF C-3

[0127] (1) In a 50-nL reaction container, 300 mg (1.24
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mmol) of XX-1 and 1.10 g (3.72 nmol) of XX-6 were mxed in a
tol uene/tetrahydrof uran (8 m/4 L) solvent mixture, and

di ssol ved oxygen was renoved by nitrogen.

[0128] Subsequently, 8.4 mg (0.037 mmol) of Pd(0Ac) ,, 40.7
mg (0.0992 mmwol) of 2-dicycl ohexyl phosphino-2 ',6'-

di met hoxybi phenyl (S-Phos) , and 1.43 g (6.2 mmol) of
tripotassium phosphate were added to the nixture under a
nitrogen atnmosphere, followed by heating to reflux at 110°C
for 7 hours.

[0129] The reaction solution was cooled to room
tenperature, concentrated under reduced pressure, and
subjected to silica gel chromatography (mnobile phase:

hexane) for isolation and purification to give conmpound XX-7
(360 nmg, vyield: 70% as a colorless viscous |Iiquid.

[ 0130] (22 In a 100-nmL reaction container, 355 mg (0.852
mol ) of XX-7 prepared in the above (1) was dissolved in 25
mL of N,N-dinmethylf ornmam de (DW)

[0131] Subsequently, 333 mg (1.87 nmol) of N-
bronosuccinim de was added to the solution, and the mxture
was stirred at room tenperature for 8 hours. \Water was
added to the reaction solution. After extraction wth
chloroform and washing with water, concentration under
reduced pressure was performed to give conmpound XX-8 (470 ng,
yield: 96%

[0132] (3 In a 50-nmL reaction container, 470 mg (0O.818
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mmol) of XX-8 and 515 mg (2.45 mmol) of 2-isopropoxy-6-

nmet hoxyphenyl bor oni ¢ acid were mxed in a

tol uene/tetrahydrof wuran (5 n/2.5 mL) solvent mxture, and
di ssol ved oxygen was renoved by nitrogen. Subsequent | vy, 5.5
mg (0.0245 mmol) of Pd(OAc) ,, 27 mg (0.065 mml) of 2-

di cycl ohexyl phosphi no- 2 ', 6"'-di net hoxybi phenyl (S-Phos) , and
942 mg (4.09 mml) of tripotassium phosphate were added to
the mxture wunder a nitrogen atnosphere, followed by heating
to reflux for 7 hours. The reaction solution was cooled to
room tenperature, concentrated wunder reduced pressure, and
subjected to silica gel chromatography (rmobi |l e phase:
hexane/chlorof orm = 1/2) for isolation and purification to
give conpound C3 (520 ng, yield: 85% as a light-yellow
solid. ‘

[ 0133] As in Exanple 1, the structure of conpound C-3 was
confirmed by NVR and MALDI - V5. Specifically, 744 as M" of
this conmpound was confirmed by MALDI - M. The neasurenent
results of NVR are shown bel ow

'HNMR (cDCl ;) o (ppm) i 7.27 (t,2H), 7.06 (s,2H), 7.01 (s,2H),
6.62 (d,2H), 6.59 (d,2H), 4.43 (m2H), 3.77 (s,6H, 2.31
(t,4H), 1.53 (m4H), 1.32-1.10 (m24H), 0.84 (t,6H).

13 NWR (cpa 3) 0 (ppm: 159.15, 157.53, 141.83, 136.37,
135.99, 129.51, 128.33, 124 .36, .123.29, 112.85, 107.51,
103.63, 71.09, 55.86, 31.74, 29.97, 29.21, 29.11, 22.61,

22.13, 22.08, 14.13.
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Exanple 7

El ectrochrom ¢ Characteristics

[0134] The conpounds shown in Exanples 1 to 6 were

di ssolved in chloroform The absorption spectra of the
solutions in the neutral state (the bleached state) were
nmeasured with an ultraviolet and visible spectrophotoneter
(V-560, nmanufactured by JASCO Corp.).

[ 0135] Absorption spectra in the oxidized (colored) state
were neasured wusing a platinum working electrode, a platinum
counter electrode, and a silver reference electrode. The
compound of each Exanple was dissolved at a concentration of
5,0 x 14 mol/L in a 0.1 nol/L solution of

t et rabut yl anmoni um perchlorate (supporting electrolyte) in
di chl oronet hane, and changes in absorption spectrum and
transm ttance spectrum were neasured by oxidizing the
solution at a constant potential of not lower than the first
oxi dation potential of the conpound to confirm the

el ectrochromic characteristics.

[ 0136] The wavel ength at the maxi mum absorption intensity
in the nmeasured absorption spectrum is shown in Table 1. 1In
addition, the first oxidation potential E/2 (vs. Ag/Ag+) of
each conpound in the cyclic voltametry (cv of the above-
nmenti oned solution is also shown.

[0137]
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[ Table 1]
Compound No. | Amax (nm)inthe | Amax (nm)inthe | Oxidation potential
bleached state colored state Ez (V)

A-6 321.0 '505.0 0.67

A-11 290.0 448.5 0.70

A-18 358.0 405.0 1.04

B-1 371.0 617.0 0.39

B-5 361.0 545.0 0.35

C-3 386.0 640.0 0.58
[ 0138] As a typical exanple of these neasurenents, Fig. 2

shows transmittance spectra in the neutral and oxidized
states of conpound A-11.

[0139] In the neutral state of every conmpound, the nmaxi num
intensity of absorption peak Amax was observed in the
ultraviolet region, and no absorption was observed over the
entire visible light region. Thus, it was shown that the
conmpounds were transparent materials.

[0140] In each conmpound, the type of color generated by
oxi dation showed the Amax in the visible light region, and
coloring was confirmed by visual observation. The color in
the oxidized state returned to the colorless transparent
state by reduction. Thus, electrochromc characteristics

. upon oxidation-reduction were confirnmed.

Exanple 8 and Conparative Exanple 1

Durable Stability in Oxidation-reduction Cycl e

[0141] Organic EC conmpounds A-6, A-11, A-18, B-1, B-5, and

C-3 according to the present invention and a known conpound
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Ref-1 as a conparative exanple were evaluated for durable
stability against redox cycles. The conpound Ref-1 as the
conparative exanmple is a known EC conpound (diethyl viologen
di perchlorate) that is colored in the reduced state. The
structural formula of Ref-1 is shown bel ow

[0142]

[ Chem 24]

@/~ —\ @®
/N N
2CI0,-

Ref-1

[0143] The durability was neasured using a glassy carbon
working electrode, a platinum counter electrode, and a
silver reference el ectrode. Each sanple solution was
prepared by dissolving the conpound of each Exanple at a
concentration of 1.0 x 104 nol/L in a 0.1 nol/L solution of
tetrabutyl ammoni um perchlorate (supporting electrolyte) in
di chl or onet hane

[0144] This solution was subjected to a square-wave
potential program conposed of oxidation at a constant
potential of not |ower than the oxidation potential of the

compound for 10 seconds and reduction at a constant
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potential of O V (vs. Ag/Ag+) for 10 seconds for 10000 times.
Changes in amount of oxidation peak current in cyclic
voltametry (cv) before and after the redox cycles for 10000
times are shown in Table 2 where Excellent neans that the
change is less than 20% and Poor neans that the change is

hi gher than 20%

[0145]
[Table 2]
Compound No. Durability evaluation

A-6 Excellent
A-11 Excellent
A-18 Excellent
B-1 Excellent
B-5 Excellent
C-3 Excellent
Ref-1 Poor

[0146] In conpound Ref-1 of Conparative Exanple, the

oxi dation peak current amount was decreased by 20% after
about 1600 tines of the redox cycles to suggest
deterioration, whereas in the conmpounds of Exanmples 1 to 6
according to the present invention, the changes in oxidation
current anount were |ess than 20% even after 10000 tines of
the redox cycles to show stable redox cycles. The results
that the organic conpounds of the present invention show
excellent durable stability against the oxidation-reduction
cycl es suggest that, conpared with Ref-1 of Conparative

Exanpl e, the bul ky substituents of the cage noieties of the



WO 2013/099523 PCT/JP2012/081221
46

compounds of the present invention sterically protect the
core noiety generating an unstable radical in the oxidized
state. In the conpounds of the present invention, the

phenyl groups serving as the cage noieties have electron-
donating al koxy groups as substituents . This is believed to
prevent the core noiety (radical cation) from side reaction
and deterioration caused by electron deficiency in the
oxi di zed state to enhance the durable stability.

[0147] As descri bed above, the organic conmpound according
to the present invention is a material that is transparent

in the neutral state and shows high durability against

oxi dation-reduction repetition. The use of the conpound in
an EC device can provide stable characteristics, i.e., high
transparency not showing |ight absorption in the visible
light region in the bleached state and excellent durability.
[0148] The organi c conpound of the present invention shows
high stability in oxidation-reduction repetition and also
hi gh transparency not show ng |ight absorption in the
visible light region in the bleached state and therefore can
be applied to EC devices and also to optical filters, Ilens

units, and inage pickup apparatuses using the EC devices

[0149] While the present invention has been described wth
reference to exenplary enbodinents, it is to be understood
that the invention is not |limted to the disclosed exenplary

enbodi nents. The scope of the followng clains is to be
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accorded the broadest interpretation so as to enconpass all
such nodifications and equivalent structures and functions.
[ 0150] This application clains the benefit of Japanese
Patent Application No. 2011-286778, filed Decenber 27, 2011,
which is hereby incorporated by reference herein in its
entirety.
Ref erence Signs List
[0151] 11 et hyl enedi oxyt hi ophene pl ane

12 phenyl group substituted by isopropoxy group and

met hoxy group
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CLAI M5

[1] An organic conpound represented by Fornula [1]:

[Chem, 1

A, A,
R1\— X —/R1
\_/ N\ _7/
A1 A1 [

in Formul a [1], Ai and A, are each independently

1]

selected from the group consisting of hydrogen atons, alkyl
groups having 1 to 20 carbon atons, alkoxy groups having 1
to 20 carbon atons, and optionally substituted aryl groups,
wher ein

at least one of Ai and A, is selected from the alkyl
groups, the al koxy groups, and the aryl groups; and the aryl
groups each optionally have a substituent of an alkyl group
having 1 to 4 carbon atonms or an al koxy group having 1 to 4
car bon atons;

each R; independently represents a hydrogen atom a
hal ogen atom an alkyl group having 1 to 20 carbon atons, an
al koxy group having 1 to 20 carbon atonms, an alkyl ester
group having 1 to 20 carbon atoms, an optionally substituted
aryl group, an optionally substituted am no group, or a

cyano group, wherein
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the aryl group optionally has a substituent of an al kyl

group having 1 to 4 carbon atons;

nis an integer of 1 to 3; and

X has a structure represented by any one of the
following Formulae [2] to [4], and when n is 2 or 3, each X

i s independently selected from the follow ng Fornulae [2]

[4]:

to

[Chem 2]

RZ R3

[Chem 4]



WO 2013/099523 PCT/JP2012/081221
50

Rs

in Formulae [21 to [4], R,, R;, and R; are each

[4]

i ndependently selected from the group consisting of hydrogen
atons, halogen atons, alkyl groups having 1 to 20 carbon
atons, al koxy groups having 1 to 20 carbon atons, optionally
substituted aryl groups, alkyl ester groups having 1 to 20
carbon atons, optionally substituted am no groups, and cyano
groups; and

Rg represents an al kylene group having 1 to 20 carbon
atons .
[2] The organic conpound accor di ng to Claim 1, wherein at
| east one of A; and A, is an al koxy group having 1 to 20
carbon atons.
[3] The organic conmpound according to Claim 2, wherein at

| east one of Ai and A, is a nethoxy group or an isopropoxy

gr oup.
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<Box No. |Ill Cbservations where unity of invention is |acking>

The invention of claim 1 relates to a conpound represented by the
formula [1], wherein X conprises the formula [2], [3] and [4].

A structure common over all the formula [11 is that having a
five-nenbered ring containing a sulfur atom as X.

However, the comon structure is already known over a document
(NIELSEN, c. B., Discrete Photopatternable -Conj ugated A igoners for
El ectrochrom ¢ Devices, Journal of the Anerican Chemical Society,
2008, Vol . 130, No. 30, p.9734-9746 conpounds PTTP and PEEP) or the |like.

Therefore, the chem cal structures of these fornulae do not share
any novel common skel eton.

The invention of clainse 2 and 3 relates to a conpound represented
by the fornmula [1], wherein at |east one of Al and A2 is an al koxy
group .

The comon structure is also already known over the document above.
Furt hernmore, the conpounds having [2] or [3] as X out of the formula
[1] do not have the novel comon structure respectively (see the sane
conpounds)

There is no other matter of invention which is conmon all over the
clains 1-3 and can be regarded as a special technical feature.

Consequent |y, the present application includes at least 5
i nventions .

(invention 1) the conmpounds having [2] as X and an al koxy group as
Al or A2, out of clains 1-3

(invention 2) the compounds having [2] as X and an al kyl group or aryl
group as Al or A2, out of claim 1

(invention 3) the conmpounds having (3] as X and an al koxy group as
Al or A2, out of clains 1-3

(invention 4) the conmpounds having [3] as X and an al kyl group or aryl
group as Al or A2, out of claim 1

(invention s5) the conpounds having [4 as X out of clains 1-3
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