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(57) ABSTRACT

There are provided a novel compound having a good field
mobility, a method of producing of the compound, an organic
semiconductor material containing the novel compound, and
an organic semiconductor device. The novel compound
which 1s represented by the following general formula (1),
(2), (3) or (4) (where Z represents a sulfur atom or a selenium
atom, and R represents a hydrogen atom, an alkyl group or a
phenyl group 1n general formulae) has a structure having two
benzene rings ol naphthalene bonded with a thiophene ring
and a selenophene ring, respectively. These compounds have
a conjugate system i1n molecules due to an 1nteraction
between 1t orbitals, and show a strong molecular interaction
through a sulifur atom or a selentum atom contained in a
thiophene ring or a selenophene ring in each molecule,

thereby having a good field mobility.
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NOVEL COMPOUND, METHOD OF
PRODUCING THE COMPOUND, ORGANIC
SEMICONDUCTOR MATERIAL AND
ORGANIC SEMICONDUCTOR DEVICE

CROSS REFERENCES TO RELATED
APPLICATION

[0001] This application 1s a US National Phase application
of International Patent Application No. PCT/JP2009/068660
filed 30 Oct. 2009, and claims prionty to Japanese Patent
Application No. 2008-298830 filed on 21 Nov. 2008 and
Japanese Patent Application No. 2009-080527 filed 27 Mar.
2009. The disclosures of the above Japanese Patent Applica-
tions are incorporated herein by reference 1n 1ts entirety.

TECHNICAL FIELD

[0002] The present invention relates to a novel compound,
a method of producing the compound, an organic semicon-
ductor material and an organic semiconductor device.

BACKGROUND ART

[0003] Recently, thin-film devices using organic semicon-
ductor matenials, such as organic EL (Electro Luminescence)
devices, organic FET (Field Effect Transistor) devices, and
organic thin-film photoelectric conversion devices, are get-
ting attention, and become 1n a practical use.

[0004] The mobaility of electronic charge carrier (hereinat-
ter, simply referred to as a carrier) 1s important in the basic
physicality of the organic semiconductor materials used for
such thin-film devices. For example, in the case of an organic
EL device, the mobility of carrier affects the transportation
elficiency of charge. The transportation efficiency of charge 1s
important for improvement of the luminescent efficiency and
for the low-voltage driving. Moreover, in the case of an
organic FET device, the mobility of carrier directly affects the
switching speed of a transistor and the performance of a
device to be dniven. Hence, the mobility of carrier 1s also
important for the practical use of an organic FET device and
the improvement of the performance.

[0005] Under such a circumstance, various organic coms-
pounds available as the organic semiconductor materials are
researched and exploited. Compounds having a benzene-
thiophene skeleton are studied as compounds having an
appropriate carrier mobility. Non-patent Literature 1 exem-
plifies compounds having various benzene-thiophene skel-
etons.

PRIOR ART DOCUMENT
Non-Patent Literature

[0006] Non-patent Literature 1: Vibronic Coupling 1n
Organic Semiconductors: The Case of Fused Polycyclic
Benzene-Thiophene Structures; Veaceslav Coropceanu,
Ohyun Kwon, Brigitte Wex, Bilal R. Kaaftarani, Nadine E.

Gruhn, Jason C. Durnivage, Douglas C. Neckers and Jean-
Luc Bredas; Chem. Eur. J. 2006, Vol. 12, p. 2073-2080

DISCLOSURE OF INVENTION

Problem to be Solved by the Invention

[0007] Non-patent Literature 1 discloses a structural for-
mula of compounds having a naphthalene-thiophene skel-
cton. Such compounds are, however, not successiully synthe-
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s1zed so far, 1.¢., non-existent compounds. According to the
conventional knowledge for organic synthetic chemistry, 1t 1s
extremely diflicult to introduce a thiophene ring into a naph-
thalene skeleton.

[0008] It 1s an object of the present invention to provide a
novel compound which has a naphthalene-thiophene skeleton
or a naphthalene-selenophene skeleton and has a good carrier

mobility, a method of producing the compound, and an
organic semiconductor material and an organic semiconduc-

tor device including such a compound.

Means for Solving the Problem

[0009] A compound according to a first aspect of the
present invention 1s represented by a following general for-

mula (1), (2), (3) or (4).

|Chemuical Formula 1|

(1)

(2)

(3)

R
Z
)\\
‘\ N
PN
\
R
(4)
R
Z
‘\ X
) N
R

(where 7 represents a sultur atom or a selenium atom, and R
represents a hydrogen atom, an alkyl group or a phenyl group
in the above general formulae)

[0010] A compound according to a second aspect of the
present invention 1s represented by a following general for-

mula (5), (6), (7) or (8).
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|Chemical Formula 2]

(5)

XN X7
X / ‘ \)—X
7= N F /
z XN X4 "
X X
L Ay

(7)

\ /
oS

=
N

X
(8)
X
7
AN /
P
V4
X

(where 7 represents a sulfur atom or a selenium atom and X
represents a halogen atom 1n the above general formulae)

[0011] According to a third aspect of the present invention,
there 1s provided a method of producing a compound repre-
sented by a following general formula (1), (2), (3) or (4), the
method comprising: a step of causing dihalogenodihydrox-
ynaphthalene to react with an anhydrous trifluoromethane-
sulfonic acid i order to obtain dihalogeno-bis(trifluo-

romethanesulionyl)naphthalene; a step of causing the
dihalogeno-bis(trifluoromethanesulfonyl)naphthalene to
react with a terminal acetylene compound in order to obtain a
dihalogeno-diethynylnaphthalene derivative; and a step of
causing the dihalogeno-diethynylnaphthalene derivative to
react with sulfide salt or selenide salt.

|Chemical Formula 3]

(1)

X7
R / R
7 /\}7
(2)
Z \'__,,...Z
/\)7
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-continued

(3)
R

R
(4)
R
Z
‘ X XY
) PN
R

(where Z represents a sulfur atom or a selenium atom, and R
represents a hydrogen atom, an alkyl group or a phenyl group
in the above general formulae)

[0012] The compound production method of the third
aspect of the present invention may further comprise a step of
causing dihydroxynaphthalene to react with a halogenation
agent in order to obtain the dihalogenodihydroxynaphtha-
lene.

[0013] The dihydroxynaphthalene may be 2,6-dihydrox-

ynaphthalene, and the compound obtained may be a com-
pound represented by the general formula (1) or (3).

[0014] The dihydroxynaphthalene may be 2,7-dihydrox-

ynaphthalene, and the compound obtained may be a com-
pound represented by the general formula (2).

[0015] The dihydroxynaphthalene may be 1,5-dihydrox-

ynaphthalene, and the compound obtained may be a com-
pound represented by the general formula (4).

[0016] Itis preferablethat the halogenation agent should be
a bromination agent or a chlorination agent.

[0017] Itispreferablethat the halogenation agent should be
a bromination agent, the compound production method
should further comprise a step of adding a catalyst that pro-
motes bromination of the dihydroxynaphthalene, and the step
of adding the bromination agent should be carried out equal to
or greater than twice.

[0018] It 1s preferable that the terminal acetylene com-
pound should be any one of the followings: trimethylsily-
lacetylene; phenylacetylene; and 1-decyne.

[0019] It 1s preferable that the reaction of the dihalogeno-
bis(trifluoromethanesulfonyl )naphthalene with the terminal
acetylene compound should be carried out 1 a polar solvent
that can dissolve the dihalogeno-bis(trifluoromethanesulio-
nyl)naphthalene.

[0020] It 1s preferable that the polar solvent should be an
aprotic polar solvent.

[0021] It 1s particularly preferable that the aprotic polar
solvent should be dimethylformamaide.
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[0022] According to a fourth aspect of the present mven-
tion, there 1s provided a method of producing a compound

represented by a following general formula (35), (6), (7) or (8),

|Chemical Formula 4]

(5)

(6)

(7)

X
Z
\
‘/'\/&
a4
o
X
< (3)
‘ A \/Z
) a4
X

(where 7 represents a sulfur atom or a selenium atom and X
represents a halogen atom 1n the above general formulae) the

method comprising:

[0023] astep of adding a halogenation agent to a compound
represented by a following general formula (1), (2), (3) or (4).

|Chemical Formula 5]

(1)

(2)

\ / \ /
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-continued

(3)
R

/

F

(4)

(where Z represents a sulfur atom or a selenium atom, and R
represents a hydrogen atom in the above general formulae)

[0024] An organic semiconductor material according to a
fifth aspect of the present mnvention contains at least one of

following compounds represented by a following general
tormula (1), (2), (3) or (4).

|Chemuical Formula 6]

(1)

(2)

(3)
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-continued
(4)

(where 7 represents a sulfur atom or a selenium atom, and R
represents a hydrogen atom, an alkyl group or a phenyl group
in the above general formulae)

[0025] An organic semiconductor device according to a

sixth aspect of the present invention comprises the organic
semiconductor material of the fifth aspect of the present

invention.

‘ect of the Invention

[T

[0026] The compound of the present invention has a naph-
thalene-thiophene skeleton or a naphthalene-selenophene
skeleton. The compound has a conjugate system 1n each mol-
ecule due to an interaction between 7 orbitals, and shows a
strong molecular interaction through a sultfur atom or a sele-
nium atom contained in a thiophene ring or a selenophene
ring in each molecule. Hence, carriers can move elfficiently.
Because the compound of the present invention has good field
mobility, such a compound can be used as an organic semi-
conductor material. This organic semiconductor material can
be used for an organic semiconductor device.

[0027] Moreover, according to the production method of
the compound of the present invention, 1t becomes possible to
produce a compound having a naphthalene-thiophene skel-
cton or a naphthalene-selenophene skeleton through the form
of a dihalogeno-diethynylnaphthalene derivative.

[0028] Furthermore, according to the production method of
the compound of the present invention, 1t becomes possible to
cause a hydrogen atom of naphthalene to be selectively sub-
jected to halogenation. According to this method, the yield of
the compound having a naphthalene-thiophene skeleton or a
naphthalene-selenophene skeleton can be improved.

BRIEF DESCRIPTION OF DRAWINGS

[0029] FIG. 1A 1s a diagram showing a general structure of
an FET element produced according to an embodiment and 1s

a cross-sectional view of the FET element;

[0030] FIG. 1B 1s a diagram showing a general structure of
an FET element produced according to an embodiment and 1s
a plan view of the FET element;

[0031] FIG. 2A shows a Vg-Id curve of an FET element
produced using a compound A;

[0032] FIG. 2B shows a Vd-Id curve of the FET element;
[0033] FIG. 3A shows a Vg-Id curve of an FET element
produced using a compound B;

[0034] FIG. 3B shows a Vd-Id curve of the FET element;
[0035] FIG. 4A shows a Vg-Id curve of an FET eclement
produced using a compound C;

[0036] FIG. 4B shows a Vd-Id curve of the FET element;
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[0037] FIG. 5A shows a Vg-Id curve of the FET element
produced using a compound D; and

[0038] FIG. 5B shows a Vd-Id curve of the FET element.
BEST MODE FOR CARRYING OUT THE
INVENTION
[0039] An explanation will be given of embodiments of a

novel compound, a method of producing the compound, an
organic semiconductor material and an organic semiconduc-
tor device according to the present invention.

[0040] <Novel Compound>

[0041] A novel compound according to a first embodiment
1s a compound having a thiophene ring or a selenophene ring
bonded with each of two benzene rings contained 1n naphtha-
lene as represented by following general formula (1), general
formula (2), general formula (3) or general formula (4).

|Chemical Formula 7|

(1)

(2)

(3)

(4)

(where 7 represents a sultur atom or a selenium atom, and R
represents a hydrogen atom, an alkyl group or a phenyl group
in the above general formulae)

[0042] The two R contained 1n each compound may be the
same substituents or the different substituents to each other,
but it 1s preferable that those should be same.

[0043] Examples of such alkyl group are straight-chain
saturated alkyl groups, such as a methyl group, an ethyl
group, an n-propyl group, an n-butyl group, an n-pentyl
group, an n-hexyl group, an n-heptyl group, an n-octyl group,
an n-nonyl group, an n-decyl group, an n-undecyl group, an
n-dodecyl group, an n-tridecyl group, an n-tetradecyl group,
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an n-pentadecyl group, an n-hexadecyl group, an n-heptade-
cyl group, and an n-octadecyl group, branched-chain satu-
rated alkyl groups, such as an 1-propyl group, an 1-butyl
group, an s-butyl group, and a t-butyl group, cyclic saturated
alkyl groups, such as a cyclo-propyl group, and a cyclo-butyl
group, and non-saturated alkyl groups, such as 1-propenyl,
2-propenyl, 1-butynyl, 2-butynyl, and 3-butynyl.

[0044] The compounds represented by the above general
formulae (1) to (4) have a conjugate system 1n molecules due
to an interaction between m orbitals, and show a strong
molecular interaction through a sulfur atom or a selenium
atom contained 1n a thiophene ring or a selenophene ring 1n
cach molecule. Accordingly, the compounds represented by
the above general formulae (1) to (4) enable carriers to move
ciliciently, and have a good field mobility. Such compounds
can be used as organic semiconductor materials.

[0045] A novel compound according to a second embodi-
ment of the present invention 1s represented by following
general formula (5), general formula (6), general formula (7),
or general formula (8).

|Chemical Formula 8]

(5)

X X7
x— D
7 NP
(6)
Z“"--../\ AN /
X X

(7)

>
o ¢

~

7
X
(8)
X
Z
X
=
z
X

(where 7 represents a sulfur atom or a selenium atom and X
represents a halogen atom)

[0046] Examples of such a halogen atom are chlorine, bro-
mine, and 1odine.
[0047] <Production Method of Novel Compound>

[0048] Next, an explanation will be given of a production
method of the compounds represented by the above general

tormulae (1), (2), (3), and (4) step by step.
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[0049] First, dihydroxynaphthalene 1s reacted with a halo-
genation agent in order to synthesize dihalogenodihydrox-
ynaphthalene.

[0050] Examples of dihydroxynaphthalene are ones having
a hydroxy group bonded with each of two benzene rings
included in naphthalene. Among such dihydroxynapthalene,
2,6-dihydroxynapthalene, 2,7-dihydroxynaphthalene, or 1,5-
dihydroxynaphthalene 1s preferable.

[0051] Conventionally well-known halogenation agent can
be used. For example, a bromination agent, such as bromine,
N-bromosuccinimide, perbromic pyridinium-hydrobromide
or tetraalkylammoniumtribromide, or a chlorination agent,
such as chlorine, N-chlolosuccinimide, tetraalkylammoni-
umtrichloride, thionyl chloride, or sulfuryl chloride can be
approprately used.

[0052] Next, the obtained dihalogenodihydroxynaphtha-
lene 1s reacted with anhydrous trifluoromethanesulionic acid
(CF,S0O,—0—S0,CF;). The two hydroxy groups contained
in dihalogenodihydroxynaphthalene react with anhydrous
trifluoromethanesulfonic acid, and are converted into trifluo-
romethanesulionateester. As a result, dihalogeno-bis(tritluo-
romethanesulionyl)naphthalene 1s obtained.

[0053] Next, the obtamned dihalogeno-bis(trifluo-
romethanesulfonyl)naphthalene 1s reacted with terminal
acetylene compounds. Carbons coupled with (trifluo-
romethanesulionyl groups are substituted and a dihalogeno-
diethynylnaphthalene derivative 1s obtained.

[0054] Examples of terminal acetylene compound are tri-
methylsilylacethylene (HC,S1(CH,);), phenylacethylene
(CsHe), 1-decyne (C,H, ).

[0055] It 1s preferable that the reaction of dihalogeno-bis
(trifluoromethanesulfonyl)naphthalene with the terminal
acetylene compounds should be carried out in a polar solvent
which can dissolve dihalogeno-bis(trifluoromethanesulio-
nyl)naphthalene. By carrying out the reaction in the polar
solvent, the trifluoromethanesulionyl group 1s selectively
substituted with an ethynyl group. Hence, the yield of the
dihalogeno-diethynylnaphthalene derivative to be obtained
can be improved. By improving the yield of the dihalogeno-
diethynylnaphthalene, a waste of reagents to be used can be
suppressed, thereby reducing the production cost.

[0056] It 1s preferable that an aprotic polar solvent should
be used as the polar solvent. Examples of such aprotic polar
solvent are dimethylformamide (DMF), and tetrahydrofuran
(THF). The higher the polarity of the aprotic polar solvent 1s,
the higher the yield of the obtained dihalogeno-diethynyl-
naphthalene denivative becomes. Hence, between such
examples, dimethylformamide having the highest polarity 1s
especially preferable to use.

[0057] Next, the obtained dihalogeno-diethynylnaphtha-
lene denivative 1s reacted with sulfide salt or selenide salt. In
this process, halogen atoms contained in the dihalogeno-
diethynylnaphthalene derivative are substituted with sulfur
atoms or selenium atoms. The introduced sulfur atoms or
selenium atoms react with the triple bonds of ethynyl group
introduced beforehand, and form thiophene rings or sele-
nophene rings. Through such reaction, the compound repre-
sented 1n the formulae (1) to (4) can be obtained.

[0058] Itis preferable that sulfide metal salt should be used
as the sulfide salt, and 1s more preferable to use sulfide alkali
metal salt. For example, sodium-sulfide.9-hydrate (Na,S.
9H,0), sodium-sulfide.5-hydrate (Na,S.5H,0O), sodium-sul-
fide-anhydride (Na,S), and sodium-hydrosulfide-hydrate
(NaSH.nH,O) are preferable. Selenide salt commercially
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available can be used as the former selenide salt. Alterna-
tively, selenide salt may be induced through conventionally
well-known techniques of causing metallic selenium to react
with sodium boron hydride, which can be directly used with-
out being 1solated.

[0059] The amount of sulfide salt used for the reaction can
be 1 to 16 mol 1n general relative to 1 mol of dihalogeno-
diethynylnaphthalene dertvative. Preferably, 2 to 8 mol, and
more preferably, 2 to 5 mol of such sulfide salt 1s used.
[0060] It1s fine 1f the reaction solvent 1s used or unused, but
when the dihalogeno-diethynylnaphthalene derivative to be
used 1s a solid matenal, 1t 1s preferable to use a solvent. In this
case, 1t 1s preferable that a reaction mixture should contain a
solvent having a boiling temperature of equal to or higher
than 100° C. When the solvent having the boiling temperature
of equal to or higher than 100° C. 1s contained 1n the reaction
mixture, the reaction temperature can be set to be high,
thereby increasing the reaction speed.

[0061] Examples of the solvent having the boiling tempera-
ture of equal to or higher than 100° C. are amides, such as
N-methyl-2-pyrolidone (NMP), N,N-dimethylformamide,
and N,N-dimethylacetamide, glycols, such as ethylene gly-
col, propylene glycol, and polyethylene glycol, and sulfoxide
like dimethyl-sulfoxide.

[0062] It 1s appropriate 1f the amount of above-explained
solvent to be used 1s 0.01 to 100 mol 1n general relative to 1
mol of dihalogeno-diethynylnaphthalene derivative. Prefer-
ably, 0.1 to 80 mol, and more preferably, 20 to 50 mol of such
solvent 1s used.

[0063] It 1s appropriate 1f the reaction temperature 1s from
-50° C. to 300° C. Preferably, such reaction temperature 1s
from —10° C. to 250° C., and more preferably, from 40° C. to
200° C.

[0064] According to the present invention, 1t 1s not requisite
to add a catalyst, but when the reaction smoothly progresses
by adding a catalyst, 1t 1s fine 11 such catalyst 1s added 1n each
step. An Example of such catalyst that promotes cyclization s
metallic halide, such as metal copper or copper chloride (1),
copper chloride (1), copper bromide (1), copper bromide (11),
copper 1odide (I) or copper 1odide (II). Preferable one 1s
copper halide, such as metal copper or copper 10dide (I) or
copper 10dide (II).

[0065] A target compound 1s 1solated and purified from the
reaction mixture through a conventionally well-known tech-
nique as needed. In order to obtain a highly pure target com-
pound, for example, sublimation purifying, in particular,
vacuum sublimation purifying can be carried out.

[0066] A speciiic explanation will be given of a production
method of the compound represented by the general formula
(1). When a compound having a trans-form linear structure
represented by the general formula (1) 1s synthesized, 2,6-
dihydroxynaphthalene 1s used as dihydroxynaphthalene. In
this case, 1t 1s appropriate 11 a bromination agent 1s used as the
halogenation agent.

[0067] In order to obtain the compound with a linear struc-
ture represented by the general formula (1), 1t 1s necessary to
substitute hydrogen atoms bonded with the third and seventh
carbons of 2,6-dihydroxynaphthalene with halogen atoms.
When a chlorination agent 1s used as the halogenation agent,
the hydrogen atoms bonded with the first and fifth carbons
having the high reactivity among hydrogen atoms contained
in dihydroxynaphthalene are substituted by chlorine atoms,
but hydrogen atoms bonded with the third and seventh car-
bons are not likely to be substituted.
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[0068] Incontrast, by using the bromination agent like bro-
mine as the halogenation agent, hydrogen atoms bonded with
the third and seventh carbons can be substituted with bromine
atoms relatively easily. More specifically, first, for example,
hydrogen atoms bonded with the first and fifth carbons with a
high reactivity are substituted with bromine atoms by the
bromination agent. Next, a catalyst that promotes bromina-
tion, ¢.g., iron1s added. Under the presence of the catalyst, the
bromination agent 1s successively added multiple times, so
that hydrogen atoms bonded with the third and seventh car-
bons are also substituted, thereby obtaining 1,3,3,7-tetra-
bromo-2,6-dihydroxynaphthalene.

[0069] According to the above-explained scheme, 1,3,3,7-
tetrabromo-2,6-dihydroxynaphthalene can be obtained at a
high yield (equal to or higher than 50%). It 1s remarkably high
in comparison with the yield of 4% of 1,3,3,7-tetrabromo-2,
6-dihydroxynaphthalene reported 1n “Reaction of Tetrasulfur

Tetranitride with Naphthalenols and Related Compounds™
(Bull. Chem. Soc. Jpn., Vol. 64, p 68 to 73: Shuntaro Mataka,

Kazufumi Takahashi, Youj1 Ikezaki, Taizo Hatta, Akiyoshi
Tori1, Masashi Tashiro).

[0070] Next, 1,3,5,7-tetrabromo-2,6-dihydroxynaphtha-
lene 1s subjected to reduction using flake-form tin, etc. Bro-
mine atoms bonded to the first and the fifth are substituted
with hydrogen atoms, and 3,7-dibromo-2,6-dihydroxynaph-
thalene 1s obtained.

[0071] Using this 3,7-dibromo-2,6-dihydroxynaphthalene,
reaction with the above-explamned anhydrous trifluo-
romethanesulionic acid, reaction with a terminal acetylene
compound, and reaction with sulfide salt or selenide salt are
carried out. Through such individual steps, the compound
with a trans-form linear structure represented by the general
formula (1) can be selectively obtained. According to this
method, as explaimned above, 1,3,5.7-tetrabromo-2,6-dihy-
droxynaphthalene can be obtained at a high yield. Hence,
reagents can be used efficiently, so that the production cost
can be reduced.

[0072] Next, a specific explanation will be given of a pro-
duction method of the compound represented by the general
formula (2). When the compound having a cis-form linear
structure represented by the general formula (2) 1s produced,
2, 7-dihydroxynaphthalene 1s used as the dihydroxynaphtha-
lene. It 1s appropnate if a bromination agent 1s used as the
halogenation agent. When 2,7-dihydroxynaphthalene and the
bromination agent like bromine are reacted with each other,
because of the eighth steric hindrance, reaction 1s terminated
at tribromide, and 1,3,6-tribromo-2,7-dihydroxynaphthalene
1s obtained. By performing reduction on it using flake-form
tin, 3,6-dibromo-2,7-dihydroxynaphthalene 1s obtained.
Using this 3,6-dibromo-2,7-dihydroxynaphthalene, reaction
with the above-explained anhydrous (trifluoromethane-
sulfonic acid, reaction with a terminal acetylene compound,
and reaction with sulfide salt or selenide salt are carried out.
Through such individual steps, the compound with a cis-form
linear structure represented by the general formula (2) can be
selectively obtained.

[0073] Next, a specific explanation will be given of a pro-
duction method of the compound represented by the general
formula (3). When the compound represented by the general
tformula (3) 1s produced, 2,6-dihydroxynaphthalene 1s used as
the dihydroxynaphthalene. It 1s appropriate 1f a chlorination
agent like chlorine 1s used as the halogenation agent. When
2,6-dihydroxynaphthalene and the chlorination agent are
reacted with each other, 1,5-dichloro-2,6-dihydroxynaphtha-
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lene 1s obtained at the first stage. Using this 1,5-dichloro-2,
6-dihydroxynaphthalene, reaction with the above-explained
anhydrous trifluoromethanesulionic acid, reaction with a ter-
minal acetylene compound, and reaction with sulfide salt or
selenide salt are carried out. Through such individual steps,
the compound represented by the general formula (3) can be
selectively obtained.

[0074] Next, a specific explanation will be given of a pro-
duction method of the compound represented by the general
formula (4). When the compound represented by the general
tormula (4) 1s produced, 1,5-dihydroxynaphthalene 1s used as
the dihydroxynaphthalene. It 1s appropriate 1f a bromination
agent like bromine 1s used as the halogenation agent. When
1,5-dihydroxynaphthalene and the bromination agent are
reacted with each other, 2,6-dibromo-1,3-dihydroxynaphtha-
lene 1s obtained at the first stage. Using this 2,6-dibromo-1,
S-dihydroxynaphthalene, reaction with the above-explained
anhydrous trifluoromethanesulionic acid, reaction with a ter-
minal acetylene compound, and reaction with sulfide salt or
selenide salt are carried out. Through such individual steps,
the compound represented by the general formula (4) can be
selectively obtained.

[0075] Next, an explanation will be given of a production
method of the compound represented by each of the general
formulae (5) to (8).

[0076] According to the production method of the com-
pound of the present invention represented by each of the
general formulae (5) to (8), a halogenation agent 1s added to,
for example, the compound which 1s represented by each of
the general formulae (1) to (4), obtained through the above-
explained method, and having a hydrogen atom as R. More
specifically, first, the compound represented by each of the
general formulae (1) to (4) and having a hydrogen atom as R
1s dissolved 1n a solvent like tetrahydrofuran (THF). n-Bul.a
(normal-butyl-lithium), etc., 1s added to the solvent, and a
solution obtained by dissolving the halogenation agent like
dibromotetrachloroethane in THF 1s further dripped therein,
so that a target material 1s obtained.

[0077] According to this production method, by adding
n-Bul 1 to the compound represented by each of the general
tormulae (1) to (4) and having a hydrogen atom as R, hydro-
gen bonded with adjoining carbon to sulfur or selenium 1s
subjected to abstraction, and lithium salt 1s produced. When
the lithtum salt and the halogenation agent react with each
other, the substrate 1s subjected to halogenation. Next, by
separating a precipitated solid by, for example, a filter, the

compound represented by each of the formulae (5) to (8) can
be obtained.

[0078] According to this production method, a bromination
agent or an 10dination agent can be used as the halogenation
agent. Appropriate examples of the bromination agent are
dibromotetrachloroethane, bromine, perbromicpyridiniums-
hydrobromide, and tetraalkylammoniumtribromide. Appro-
priate examples of the 10dination agent are 1odine, ditodoet-
hane, perfluorohexyl-idodide, and tetraalkylammonium-tri-
10dide.

[0079] Itis appropnate 1T at least equal to or more than two
equivalent weights of n-Bul.1 1s added relative to the com-
pound having a hydrogen atom as R 1n each of the formulae
(1) to (4). This 1s because the target compound can be
obtained efficiently by performing abstraction on two of the
hydrogen atoms contained in the compound represented by
cach of the formulae (1) to (4). When reaction with a portion
other than portions desired to be substituted 1s slow and the
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possibility of side reaction 1s little, or when the solubility to
the solvent of the compound represented by each of the for-
mulae (1) to (4) 1s low and reaction does not progress well,
extra n-Bul.1 may be further added.

[0080] Itis appropnate if the halogenation agent 1s added at
a molar ratio equal to or larger than that of the added n-Bul 1.
Regarding the blending ratio thereof, for example, approxi-
mately 3 to 5 mol of n-BulL1 and approximately 10 mol of the
halogenation agent may be added relative to 1 mol of the
compound represented by each of the formulae (1) to (4).

[0081] It1s appropriate if the reaction time 1s 30 minutes to
one hour, but the reaction time can be shorter than 30 minutes
if 1t 1s a suificient time to complete the abstraction reaction of
hydrogen by n-Bul.1.

[0082] According to the production method of the present
invention, halogenation by halogen-lithium substitution reac-
tion using n-Bul.i was explained as an example, and the
halogenation method 1s not limited to this example. Other

conventionally well-known techmiques like a technique of
using proton abstraction agent can be applied.

[0083]

[0084] Next, an explanation will be given of an embodi-
ment of an organic semiconductor material according to the
present invention. The organic semiconductor material of the
present invention contains equal to or more than one kind of
the compounds represented by the general formula (1), (2),
(3) or (4).

[0085] The compound represented by the general formula
(1), (2), (3) or (4) has a naphthalene-thiophene skeleton or a
naphthalene-selenophene skeleton. This compound has a
conjugate system in idividual molecules due to an interac-
tion between m orbitals, and shows a strong molecular inter-
action through a sulfur atom or a selenium atom contained 1n
a thiophene ring or a selenophene ring in each molecule.
Accordingly, carriers can move elliciently. As a result, the
compound of the present invention has a good field mobility,
so that 1t can be used as an organic semiconductor material.

[0086] It is fine 1f the organic semiconductor material con-
tains only one kind of the compound represented by the
general formulae (1) to (4), or may contain equal to or more
than two kinds of those. Moreover, as long as the character-
1stics of the compounds represented by the general formulae
(1) to (4) are not deteriorated, other materials may be con-
tained. Furthermore, dopants may be doped through a con-
ventionally well-known technique 1n order to adjust the filed
mobility.
[0087]

[0088] Next, an explanation will be given of an embodi-
ment of an organic semiconductor device according to the
present invention. The organic semiconductor device of the
present invention comprises the organic semiconductor mate-
rial containing at least one kind of the compounds represented
by the general formula (1), (2), (3) or (4). Examples of such
organic semiconductor device are a thin-film transistor hav-
ing an organic semiconductor layer, and a light emitting
device having either one of or both of organic carrier transport
layer and light emitting layer.

[0089] Conventionally well-known materials and struc-
tures can be applied to the organic semiconductor device of
the present invention other than the use of the organic semi-
conductor material of the present invention, and such conven-
tionally well-known materials and structures are not limited
to any particular ones.

<Organic Semiconductor Material>

<Organic Semiconductor Device>
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[0090] How to produce the organic semiconductor device 1s
not limited to any particular one, and various conventionally
well-known techniques can be applied. The organic semicon-
ductor material has a solubility which 1s low on some level, so
that when application of a coating technique 1s difficult, the
organic semiconductor device can be produced through a
vacuum vapor deposition technique.

[0091] According to the organic semiconductor device of
the present invention, the organic semiconductor material 1s
used instead of silicon, so that the production process that
needs a cost requisite when silicon 1s used becomes unnec-
essary. Hence, the semiconductor device can be produced at a
low cost.

[0092] Moreover, because the organmic semiconductor
material 1s used, 1n comparison with devices using silicon, the
organic semiconductor device of the present mvention has a
good mechanical flexibility and 1s light-weighted. Hence, the
organic semiconductor device of the present invention can be
applied to a light-weighted display, a smart tag, etc.

EXAMPLES

[0093] The compound of the present invention and the pro-
duction method thereof will be explained through specific
examples below.

First Example

[0094] An explanation will be given of synthesis of the
compound represented by the general formula (1) and having
the liner structure. Note that the structure of the compound 1s
set through "H NMR ('H Nuclear Magnetic Resonance spec-
trum) and EIMS (mass spectrography spectrum). The appa-
ratuses used for measurement of respective spectra are as
follows:

[0095] 'H-NMR: JEOL Lambda 400 spectrometer
[0096] : JEOL EX-270 spectrometer
[0097] EIMS: Shimadzu QP-5050A
[0098] Those apparatuses were also used 1n other examples

to be discussed later.

[0099] Anexplanation will be given of synthesis of naphtho
[2,3-b:6,7-b'|dithiophene step by step.

Synthesis of
1,3,5,7-tetrabromo-2,6-dihydroxynaphthalene

[0100] 2,6-dihydroxynaphthalene (2 g, 12.5 mol) was dis-
solved 1n acetic acid (60 ml). The acetic acid was used as a
solvent. Bromine (2.6 ml. 50.7 mol) was dripped 1n the solu-
tion, and reaction was carried out under a reflux temperature

(120° C. to 125° C.).

[0101] As 1s explained 1n the embodiment for carrying out
the present invention, 1n this stage, first and fifth hydrogen
atoms with a high reactivity among hydrogen atoms con-
tained 1n 2,6-dihydroxynaphthalene were substituted by bro-
mine atoms, and 1,5-dibromo-2,6-dihydroxynaphthalene
was merely produced. In order to obtain naphthodithiophene
having a linear structure at last, 1t was further necessary to
substitute the third and seventh hydrogen atoms with bro-
mine.

[0102] Next, bromine (2.6 ml) was further dripped into the
reaction solution by five times at total, and 1ron powders (50
mg, 1.3 mol) as a catalyst were added thereto, and reaction
was caused for 76 hours.

[0103] Next, the reaction solution was cooled to a room
temperature, and pure water (50 ml) was added thereto. A
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precipitated solid was separated and collected by filtering.
This solid substance was rinsed by acetone, dried under a
reduced pressure condition, thereby obtaining a rough prod-
uct.

[0104] The obtamned rough product was caused to be
recrystallized using 1,4-dioxane as a solvent, and purified.
Accordingly, 1,3,5,7-tetrabromo-2,6-dihydroxynaphthalene
(3.0 g, yield: 51%) with colorless needle crystals was
obtained.

[0105] As explained above, by dripping bromine several
times and by adding i1ron powders as a catalyst, 1,3,5.7-
tetrabromo-2,6-dihydroxynaphthalene was synthesized at a

high vield.
[0106] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemuical Formula 9]

BI‘2

HO
Br
OH
(\/I\/ Br;
o /Y\/
Br
Br
Br OH
HO Br
Br

[0107] Various spectrum data of the obtained 1,3,5,7-tetra-

bromo-2,6-dihydroxynaphthalene are indicated below.

[0108] 'H-NMR (270 MHz, CDCl,) 86.18 (s, 2H, OH),
8.31 (s, 2H, ArH); EIMS (70 eV) m/z=476 (M*)

Synthesis of 3,7-dibromo-2,6-dihydroxynaphthalene

[0109] 1.3,5,7-tetrabromo-2,6-dihydroxynaphthalene (1.0
g 2.1 mmol) was dissolved 1n acetic acid (20 ml). After
flake-form tin (499 mg, 4.2 mmol) was added to the solution,
the solution was stirred for 62 hours under a reflux tempera-
ture 1n order to cause a reaction.

[0110] Next, the reaction solution was cooled to a room
temperature, and pure water (20 ml) was added thereto. A
precipitated solid was separated and collected by filtering.
This solid substance was dried under a reduced pressure

condition, thereby obtaining a white solid of 3,7-dibromo-2,
6-dihydroxynaphthalene (530 mg, 79%).

[0111] The reaction formula of the above-explained reac-
tion 1s as follow.
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|Chemical Formula 10]

‘ X
e
Br

Br
Br\/\)\/OH
N

\Br

OH

N X -

Y
NS

\Br

[0112] Various spectrum data of the obtained 3,7-dibromo-
2,6-dihydroxynaphthalene are indicated below.

[0113] "H-NMR (400 MHz, CDCl,) 85.58 (s, 2H, OH),
7.25 (s, 2H, ArH), 7.89 (s, 2H, ArH); EIMS (70 eV) m/z=318
(M™)

Synthesis of 3,7-dibromo-2,6-bis(trifluoromethane-
sulfonyl)naphthalene

[0114] Under a nitrogen atmosphere, 3,7-dibromo-2,6-di-
hydroxynaphthalene (636 mg, 2.0 mmol) and pyridine (1.0
ml, 12 mmol) were dissolved 1n methylene chloride (20 ml).
[0115] Anhydrous trifluoromethanesulionate acid (0.7 ml,
4.4 mmol) was slowly added to the solution 1n an 1ce bath. It
was stirred for 15 hours and 30 minutes at a room tempera-
ture, and pure water (10 ml) and 1N hydrochloric acid (10 ml)
were added.

[0116] Next, the reaction solution was subjected to extrac-
tion using methylene chloride (20 ml). This extraction was
performed three times through the same procedures. There-
aiter, an organic phase was rinsed by a saturated saline solu-
tion (20 ml). This rinsing was performed three times through
the same procedures.

[0117] Water contained 1inthe organic phase was eliminated
using anhydrous magnesium sulfate, and then the solvent was
distilled under a pressure reduction condition, thereby obtain-
ing a rough product. The rough product was separated and
purified through a silica-gel column chromatography (Rf of
target=0.95. Note that Rf represents the same Ri value of a
target under a condition of each silica-gel column chroma-
tography 11 not otherwise mentioned) having methylene chlo-
ride as a moving phase, thereby obtaining a white solid of
3, 7-dibromo-2,6-bis(trifluoromethanesulfonyl)naphthalene
(970 mg, vield: 84%).

[0118] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 11]

Br OH
(CEF3505),0

-

HO Br

Br\‘/\ T
0 NF NF N\,
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[0119] Various spectrum data of the obtained 3,7-dibromo-
2,6-bis(trifluoromethanesulionyl )naphthalene are indicated
below.

[0120] 'H-NMR (270 MHz, CDCl,) 87.14 (s, 2H, ArH),
8.25 (s, 2H, ArH); EIMS (70 eV) m/z=582 (M™)

Synthesis of 2,6-dibromo-3,7-bis(trimethylsilylethy-
nyl)naphthalene

[0121] Under a nitrogen atmosphere, 3,7-dibromo-2,6-bis
(trifluvoromethanesulfonyl)naphthalene (382 mg, 1.0 mmol)
was dissolved in DMF (7 ml) and diuisopropylamine (7 ml).
The solution was degassed for 30 minutes.

[0122] Pd(PPh,),Cl, (70 mg, 0.05 mmol, 10 mol %) and
Cul (38 mg, 0.1 mmol, 20 mol %) as catalysts, and trimeth-
ylsilylacetylene (0.28 ml, 2.0 mmol) as a reagent were added
to the solution. It was stirred for 11 hours at a room tempera-
ture, and pure water (1 ml) and 1N hydrochloric acid (1 ml)
were added 1n order to terminate the reaction.

[0123] The reaction solution was subjected to extraction
using methylene chloride (5 ml). This extraction was per-
formed three times through the same procedures. Thereafter,
an organic phase was rinsed by a saturated saline solution (5
ml). This rinsing was performed three times through the same
procedures.

[0124] Water contained in the organic phase was eliminated
using anhydrous magnesium sulfate, and then the solvent was
distilled under a pressure reduction condition, thereby obtain-
ing a rough product. The rough product was separated and
purified through a silica-gel column chromatography (R1=0.
2) having hexane as a moving phase, thereby obtaining a
white solid of 2,6-dibromo-3,7-bis(trimethylsilylethynyl)
naphthalene (162 mg, yield: 34%).

[0125] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 12]
OTf

Br
\‘/\/\/ (CH,):SiCCH
NN

Br
Br /

% Br

/

\
/

TMS

[0126] Various spectrum data of the obtained 2,6-dibromo-
3, 7-bis(trimethylsilylethynyl)naphthalene are 1indicated
below.

[0127] 'H-NMR (270 MHz, CDCL,) 80.29 (s, 18H, TMS),
7.87 (s, 2H, ArH), 7.97 (s, 2H, ArH); EIMS (70 eV) m/z=478
(M)

Synthesis of naphtho[2,3-b:6,7-b'|dithiophene

[0128] Under a nitrogen atmosphere, Na,S.9H,0O (101 mg,
0.42 mmol) was suspended in N-methyl-2-pyrolidone (NMP)
(3 ml), and the suspension was stirred for 15 minutes.
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[0129] 2,6-dibromo-3 7-bis(trimethylSilylethynyl)naph-
thalene (50 meg, 0.1 mmol) was added to the suspension, and
the suspension was stirred for 10 hours at a temperature of
190° C.

[0130] Next, the suspension was cooled to a room tempera-
ture, and poured 1n a saturated ammonium chloride water
solution (20 ml). A precipitated solid was separated and col-
lected by filtering.

[0131] This solid substance was separated and purified
through a silica-gel column chromatography (R1=0.95) hav-
ing hexane as a moving phase, thereby obtaining an orange
solid of naphtho[2,3-b:6,7-b'|dithiophene (26 mg, yield:
100%).

[0132] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 13]

TMS
Br /
X Na,S 01,0
% Sy
TMS
J ‘ X XY
‘ N P /

[0133] Various spectrum data of the obtained naphtho[2,3-

b:6,7-b'|dithiophene are indicated below.

[0134] 'H-NMR (270 MHz, CDCl,) 87.43 (d, 2H, J=5.8
Hz, ArH), 7.51 (d, 2H, J=5.8 Hz, ArH), 8 .41 (s, 2H, ArH), 8.52
(s, 2H, ArH); EIMS (70 eV ) m/z=240 (M™); mp>300° C.

Second Example

[0135] Next, an explanation will be given of synthesis of
2, 7-diphenylnaphto[2,3-b:6,7-b'|dithiophene step by step.

Synthesis of
2,6-dibromo-3,7-bis(phenylethynyl )naphthalene

[0136] Using 3,7-dibromo-2,6-bis(trifluoromethanesulio-
nyl)naphthalene synthesized through the above-explained
method,  2,6-dibromo-3,7-bis(phenylethynyl)naphthalene
was synthesized through the following procedures.

[0137] Under a nitrogen atmosphere, 3,7-dibromo-2,6-bis
(trifluoromethanesulifonyl)naphthalene (582 mg, 1.0 mmol)
was dissolved in DMF (7 ml) and diuisopropylamine (7 ml).
The solution was degassed for 30 minutes.

[0138] Pd(PPh,).Cl, (70 mg, 0.05 mmol, 10 mol %) and
Cul (38 mg, 0.1 mmol, 20 mol %) as catalysts, and pheny-
lacetylene (0.22 ml, 2.0 mmol) as a reagent were added to the
solution, and the solution was stirred for 11 hours at a room
temperature in order to let itreacted. Thereafter, pure water (1
ml) and 1N hydrochloric acid (1 ml) were added 1n order to
terminate the reaction.

[0139] The reaction solution was subjected to extraction
using methylene chloride (5 ml). This extraction was per-
formed three times through the same procedures. Thereafiter,
an organic phase was rinsed by a saturated saline solution (5
ml). This rinsing was performed three times through the same
procedures.
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[0140] Water contained inthe organic phase was eliminated
using anhydrous magnesium sulfate, and then the solvent was
distilled under a pressure reduction condition, thereby obtain-
ing a rough product.

[0141] The rough product was separated and purified
through a silica-gel column chromatography (R1=0.1) having
hexane as a moving phase, thereby obtaining a white solid of

2,6-dibromo-3,7-bis(phenylethynyl)naphthalene (397 mg,
yield: 82%).

[0142] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 14]

OTf
CeHsCCH
-

X
AN NV Ny

/
Br\ N N /
N
/ ~ Br
Ph

[0143] Various spectrum data of the obtained 2,6-dibromo-
3,7-bis(phenylethynyl)naphthalene are indicated below.

[0144] 'H-NMR (400 MHz, CDCL,) 87.39-7.41 (m, 6,
ArH), 7.62-7.64 (m, 4H, ArH), 7.97 (s, 2H, ArH), 8.07 (s, 2,
ArH); EIMS (70 eV) m/z=486 (M*)

Br\ /\
F

Synthesis of
2, 7-diphenylnaphto[2,3-b:6,7-b'|dithiophene

[0145] Under a nitrogen atmosphere, Na,S.9H,0O (202 mg,
0.42 mmol) was suspended in NMP (3 ml), and the suspen-
sion was stirred for 15 minutes.

[0146] 2,6-dibromo-3,7-bis(phenylethynyl naphthalene
(100 mg, 0.2 mmol) obtained beforehand was added to the
suspension, and the suspension was stirred for 10 hours at a
temperature of 190° C.

[0147] Thereactionsolution was cooled to aroom tempera-
ture, and poured 1n a saturated ammonium chloride water
solution (20 ml). A precipitated yellow solid (75 mg, yvield:
96% ) was separated and collected by filtering.

[0148] The yellow solid substance was sublimated and
purified, thereby obtaining 2,7-diphenylnaphto|2,3-b:6,7-b']
dithiophene (25 mg, yield: 32%).

[0149] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 15]

Ph

G
/\/ Na,S+91L,0
AN .

Br\ ‘/-\
F

/\/

Ph
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[0150] Various spectrum data of the obtained 2,7-diphenyl-
naphto[2,3-b:6,7-b'|dithiophene are indicated below. Note
that  2,7-diphenylnaphto[2,3-b:6,7-b'|dithiophene  was
hardly-soluble, which made 'H-NMR measurement unable.

[0151] EIMS (70 V) m/z=392 (M")
Third Example
[0152] Next, an explanation will be given of synthesis of

2, 7-dioctylnaphto[2,3-b:6,7-b'|dithiophene step by step.

Synthesis of
2,6-dibromo-3,7-di(decyne-1-yl)naphthalene

[0153] Using 2,6-dibromo-3,7-bis(trifluoromethanesulio-
nyDnaphthalene synthesized through the above-explained
method, 2,6-dibromo-3,7-di{decyne-1-yl)naphthalene was
synthesized through the following procedures.

[0154] Under a nitrogen atmosphere, 2,6-dibromo-3,7-bis
(trifluoromethanesulfonyl)naphthalene (493 mg, 1.0 mmol)
was dissolved in DMF (7 ml) and diisopropylamine (0.42 ml.
3.0 mmol). The solution was degassed for 30 minutes.

[0155] Pd(PPh,).Cl, (70mg, 0.1 mmol, 10 mol %) and Cul
(38 mg, 0.1 mmol, 20 mol %) as catalysts, and 1-decyne (0.54
ml, 3.0 mmol) as a reagent were added to the solution, and the
solution was stirred for 27 hours at a room temperature 1n
order to let 1t reacted. Thereafter, pure water (1 ml) and 1N
hydrochloric acid (1 ml) were added, and then reaction was
terminated.

[0156] The reaction solution was subjected to extraction
using methylene chloride (10 ml). This extraction was per-
tformed three times through the same procedures. Thereaftter,
an organic phase was rinsed by a saturated saline solution (10

ml). This rinsing was performed three times through the same
procedures.

[0157] Water contained 1nthe organic phase was eliminated
using anhydrous magnesium sulfate, and then the solvent was
distilled under a pressure reduction condition, thereby obtain-
ing a rough product.

[0158] The rough product was separated and purified
through a silica-gel column chromatography (R1=0.3) having,
hexane as a moving phase, thereby obtaining a white solid of
2,6-dibromo-3,7-di(decyne-1-ylnaphthalene (488 mg,
yield: 87%).

[0159] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 16]
Br OTf

CioHisg

110 Br
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-continued
CgH7

Br

% Br

H7Cg

[0160] Various spectrum data of the obtained 2,6-dibromo-
3, 7-di(decyne-1-yl)naphthalene are indicated below.

[0161] "H-NMR (270 MHz, CDCl,) 30.89 (t, 6H, J=7.02
Hz,CH,),1.27-1.37 (m, 20H, CH,), 1.61-1.72 (m, 4H, CH,),
2.51 (t, 4H, J=6.62 Hz, CH,), 7.79 (s, 2H, ArH), 7.95 (s, 2H,
ArH); EIMS (70 eV) m/z=558 (M™)

Synthesis of
2, 7-dioctylnaphto[2,3-b:6,7-b'|dithiophene

[0162] Under a nitrogen atmosphere, Na,S.9H,O (346 mg,

1.44 mmol) was suspended 1n NMP (12 ml), and the suspen-
s1on was stirred for 15 minutes.

[0163] 2,6-dibromo-3,7-di(decyne-1-yl)naphthalene (200
mg, 0.36 mmol) obtained was added to the suspension, and

the suspension was stirred for nine hours at a temperature of
190° C.

[0164] Thereactionsolution was cooledto aroom tempera-
ture, and poured 1n a saturated ammonium chloride water
solution (30 ml). A precipitated solid was separated and col-
lected by filtering.

[0165] The solid substance was separated and purified

through silica-gel column chromatography (R1=0.95) having
methylene chloride as a moving phase and through recrystal-
lization using chloroform as a solvent, thereby obtaining vel-
low needle crystals of 2,7-dioctylnaphto[2,3-b:6,7-b']
dithiophene (130 mg, yield: 78%).

[0166] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 17]

CgH 7
Br 4
“ Na,S+0H,0
% Br
H7,Cg
/ XN XD
H,7Cg ‘ / CsHyy
S N

[0167] Various spectrum data of the obtained 2,7-dioctyl-

naphto[2,3-b:6,7-b'|dithiophene are indicated below.

[0168] 'H-NMR (400 MHz, CDCl,)80.89 (t, 6H, J=7.4 Hz,
CH,), 1.28-1.50 (m, 20H, CH,), 1.75-1.83 (m, 4H, CH,),
2.92 (t, 4H, J=7.4 Hz, CH,), 7.06 (s, 2H, ArH), 8.16 (s, 2H,
ArH), 8.32 (s, 2H, ArH); EIMS (70 eV) m/z=464 (M™); mp
269-271° C.

Fourth Example

[0169] Next, a specific explanation will be given of
example synthesis of the compound represented by the gen-
eral formula (2) based on an example.
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[0170] First, an explanation will be given of synthesis of
2, 7-diphenylnaphto[2,3-b:7,6-b'|dithiophene step by step.

Synthesis of
1,3,6-tribromo-2,7-dihydroxynaphthalene

[0171] Under a nitrogen atmosphere, 2,7-dihydroxynaph-
thalene (5 g, 31 mmol) was dissolved 1n acetic acid (150 ml).
Note that the acetic acid was used as a solvent.

[0172] Bromine (5.3 ml. 103 mmol) was dripped 1n the

solution, and reaction was carried out under a reflux tempera-
ture for 41 hours.

[0173] Thereaction solution was cooled to a room tempera-
ture, and pure water (50 ml) was added thereto. A precipitated
solid was separated and collected by filtering. This solid
substance was rinsed by pure water, dried under a reduced
pressure condition, thereby obtaining a white solid of 1,3,6-
tribromo-2,7-dihydroxynaphthalene (10 g, yield: 83%).
[0174] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 18]

HO OH
\/ BI‘2
F
Br
HO\‘/\)\/OH
Br/\/\/\Br
[0175] Various spectrum data of the obtained 1,3,6-tr1-

bromo-2,7-dihydroxynaphthalene are indicated below.

[0176] 'H-NMR (270 MHz, CDCl,) 85.88 (s, 1H, OH),
6.24 (s, 1H, OH), 7.60 (s, 1H, ArH), 7.88 (s, 1H, ArH), 7.89 (s.
1H, ArH); EIMS (70 eV) m/z=396 (M*)

Synthesis of 3,6-dibromo-2,7-dihydroxynaphthalene

[0177] 1,3,6-triboromo-2,7-dihydroxynaphthalene (5.0 g,
12.6 mmol) was dissolved 1n acetic acid (20 ml). After flake-
form tin (1.6 g, 12.6 mmol) was added to the solution, the
solution was stirred for 120 hours under a reflux temperature.

[0178] Thereaction solution was cooled to a room tempera-
ture, and pure water (100 ml) was added thereto. A precipi-
tated solid was separated and collected by filtering. This solid
substance was dried under a reduced pressure condition,

thereby obtaining a white solid o1 3,6-dibromo-2,7-dihydrox-
ynaphthalene (3.4 g, yield: 85%).

[0179] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 19]

Br
HO\‘/\)\/OH
N

Br/\/ N

Br
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-continued
HO OH
Br Br

[0180] Various spectrum data of the obtained 3,6-dibromo-
2, 7-dihydroxynaphthalene are indicated below.

[0181] 'H-NMR (270 MHz, CDCl,) 65.67 (s, 2H, OH),
7.24 (s, 2H, ArH), 7.87 (s, 2H, ArH); EIMS (70 eV) m/z=318
(M™)

Synthesis of 3,6-dibromo-2,7-bis(trifluoromethane-
sulfonyl)naphthalene

[0182] Under a nitrogen atmosphere, the obtained 3,6-di-
bromo-2,7-dihydroxynaphthalene (3.0 g, 9.4 mmol) was dis-
solved 1 pyridine (4.5 ml, 56 mmol) and 1n methylene chlo-
ride (90 ml).

[0183] Anhydrous trifluoromethanesulfonate acid (3.3 ml,
21 mmol) was slowly added to the solution 1n an ice bath. It
was stirred for 4 hours and 30 minutes at a room temperature,
and pure water (10 ml) and 1N hydrochloric acid (10 ml) were
added 1n order to terminate the reaction.

[0184] Next, the reaction solution was subjected to extrac-
tion using methylene chloride (20 ml). This extraction was
performed three times through the same procedures. There-
alter, an organic phase was rinsed by a saturated saline solu-
tion (20 ml). This nnsing was performed three times through
the same procedures.

[0185] Next, water contained in the organic phase was
climinated using anhydrous magnesium sulfate, and then the
solvent was distilled under a pressure reduction condition,
thereby obtaining a rough product. The rough product was
separated and purified through a silica-gel column chroma-
tography (RI of target=0.95) having methylene chloride as a
moving phase, thereby obtaiming a white solid of 3,6-di-
bromo-2,7-bis(trifluoromethanesulionylnaphthalene (3.3 g,
yield: 60%).

[0186] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 20]

HO OH
N (CF350,),0
Br/ / Br
11O Olf
Br Br
[0187] Various spectrum data of the obtained 3,6-dibromo-

2. 7-bis(trifluoromethanesulfonyl )naphthalene are indicated
below.

[0188] 'H-NMR (400 MHz, CDCl,) 87.86 (s, 2H, ArH),
8.19 (s, 2H, ArH); EIMS (70 eV) m/z=582 (M"™)

Synthesis of
3,6-dibromo-2,7-bis(phenylethynyl )naphthalene

[0189] Under a mitrogen atmosphere, 3,6-dibromo-2,7-bis
(trifluoromethanesulfonyl)naphthalene (582 mg, 1.0 mmol)
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was dissolved in DMF (7 ml) and diuisopropylamine (7 ml).
The solution was degassed for 30 minutes.

[0190] Pd(PPh,),Cl, (70 mg, 0.05 mmol, 10 mol %) and
Cul (38 mg, 0.1 mmol, 20 mol %) as catalysts, and pheny-
lacetylene (0.22 ml, 2.0 mmol) as a reagent were added to the
solution. It was stirred for 11 hours at a room temperature, and
pure water (1 ml) and 1N hydrochloric acid (1 ml) were added
in order to terminate the reaction.

[0191] The reaction solution was subjected to extraction
using methylene chloride (5 ml). This extraction was per-
tormed three times through the same procedures. Thereaftter,
an organic phase was rinsed by a saturated saline solution (5
ml). This rinsing was performed three times through the same
procedures.

[0192] Water contained 1inthe organic phase was eliminated
using anhydrous magnesium sulfate, and then the solvent was
distilled under a pressure reduction condition, thereby obtain-
ing a rough product.

[0193] The rough product was separated and purified
through a silica-gel column chromatography (R1=0.1) having
hexane as a moving phase, thereby obtaining a white solid of
3,6-dibromo-2,7-bis(phenylethynyl)naphthalene (243 mg,
yield: 50%).

[0194] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 21|

TfO OTf
C:HCCH

Br Br
Ph Ph

X G

Br Br

[0195] Various spectrum data of the obtained 3,6-dibromo-
2., 7-bis(phenylethynyl)naphthalene are indicated below.

[0196] 'H-NMR (270 MHz, CDCl,) 87.38-7.42 (m, 6H,
ArH), 7.62-7.65 (m, 4H, ArH), 8.01 (s, 2H, ArH), 8.03 (s, 21,
ArH); EIMS (70 eV) m/z=486 (M*)

Synthesis of
2, 7-diphenylnaphtho[2,3-b:7,6-b"|dithiophene

[0197] Under a nitrogen atmosphere, Na,S.9H,0 (404 mg,
1.68 mmol) was suspended in NMP (12 ml), and the suspen-
sion was stirred for 15 minutes.

[0198] 3,6-dibromo-2,7-bis(phenylethynyl)naphthalene
(200 mg, 0.4 mmol) was added to the suspension, and the
suspension was stirred for 14 hours at a temperature of 190°

C.

[0199] Thereaction solution was cooled to a room tempera-
ture, and poured in a saturated ammonium chloride water
solution (20 ml). A precipitated solid was separated and col-
lected by filtering.

[0200] This solid substance was rinsed by pure water, etha-
nol, hexane, methylene chloride, and heated chloroform
thereby obtaining, 2, 7-diphenylnaphtho[2,3-b:7,6-b']
dithiophene (73 mg, yield: 45%).
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[0201] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 22|

Ph
\ /
‘/\/\ NasS-9H,0
n; e \/\/\
/\ X
7] N
g \/ F q

[0202] Various spectrum data of the obtained 2,7-diphenyl-

naphtho[2,3-b:7,6-b'|dithiophene are indicated below. Note
that  2,7-diphenylnaphtho[2,3-b:7,6-b'|dithiophene  was
hardly soluble, which made NMR measurement unable.

[0203] EIMS (70 eV) m/z=392 (M™)
Fiith Example
[0204] Next, an explanation will be given of synthesis of

2, 7-dioctylenaphto[2,3-b:7,6-b'|dithiophene step by step.

Synthesis of
3,6-dibromo-2,7-di(decyne-1-yl)naphthalene

[0205] Using 3,6-dibromo-2,7-bis(trifluoromethanesulio-
nyl)naphthalene synthesized as explained above, 3,6-di-
bromo-2,7-di(decyne-1-yl)naphthalene was synthesized
through the following procedures.

[0206] Under a mitrogen atmosphere, 3,6-dibromo-2,7-bis
(trifluvoromethanesulfonyl)naphthalene (382 mg, 1.0 mmol)
was dissolved in DMF (7 ml) and diuisopropylamine (7 ml).
The solution was degassed for 30 minutes.

[0207] Pd(PPh,),CL, (70 mg, 0.05 mmol, 10 mol %) and
Cul (38 mg, 0.1 mmol, 20 mol %) as catalysts, and 1-decyne
(0.36 ml, 2.0 mmol) as a reagent were added to the solution.
The solution was stirred for 11 hours at a room temperature 1n
order to let 1t reacted, and then pure water (1 ml) and 1N
hydrochloric acid (1 ml) were added 1n order to terminate the
reaction.

[0208] The reaction solution was subjected to extraction
using methylene chlonide (5 ml). This extraction was per-
formed three times through the same procedures. Thereatter,
an organic phase was rinsed by a saturated saline solution (5
ml). This rinsing was performed three times through the same
procedures.

[0209] Water contained inthe organic phase was eliminated
using anhydrous magnesium sulfate, and then the solvent was
distilled under a pressure reduction condition, thereby obtain-
ing a rough product.

[0210] The rough product was separated and purified

through a silica-gel column chromatography (R1=0.3) having
hexane as a moving phase, thereby obtaining a white solid of

3,6-dibromo-2,7-di(decyne-1-yl)naphthalene (444 mg,
yield: 80%).

[0211] The reaction formula of the above-explained reac-
tion 1s as follow.
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|Chemical Formula 23]
TfO\ N OTf -
Br/ = Br
H,-Cg CgHyy

4

Br Br

[0212] Various spectrum data of the obtained 3,6-dibromo-
2, 7-di(decyne-1-yl)naphthalene are indicated below.

[0213] "H-NMR (270 MHz, CDCl,) 80.89 (t, 6H, J=6.8 Hz,
CH,), 1.27-1.72 (m, 24H, CH,), 2.50 (t, 4H, J=6.9 Hz, CH,),
7.81 (s, 2H, ArH), 7.93 (s, 2H, ArH), EIMS (70 ¢V ) m/z=558
(M)

Synthesis of 2,7-dioctylenaphtho[2,3-b:
7,6-b'|dithiophene

[0214] Under a nitrogen atmosphere, Na,S.9H,O (346 mg,
1.44 mmol) was suspended 1n NMP (12 ml), and the suspen-
sion was stirred for 15 minutes.

[0215] 3,6-dibromo-2,7-di(decyne-1-yl)naphthalene (200
mg, 0.36 mmol) was added to the suspension, and the sus-
pension was stirred for 12 hours at a temperature of 190° C.
Next, the reaction solution was cooled to a room temperature,
and poured 1n a saturated ammonium chloride water solution
(30 ml). A precipitated solid was separated and collected by
filtering.

[0216] This solid substance was rinsed by pure water and
cthanol, thereby obtaining a light yellow solid of 2,7-diocty-
lenaphtho[2,3-b:7,6-b'|dithiophene (168 mg, yield: 100%).
[0217] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 24|

H{7Cq CgH 7
x I I s Na,S+0H,0
Br Br
2R
H7Cg ‘ CgH 7
g /\/""*\S
[0218] Various spectrum data of the obtained 2,7-diocty-

lenaphtho[2,3-b:7,6-b'|dithiophene are indicated below.
[0219] 'H-NMR (400 MHz, CDCl,) 80.88 (t, 611, J=7.0
Hz, CH,), 1.28-1.81 (m, 24H, CH,), 2.92 (t, 4H, J=7.3 Hz,
CH,),7.05 (s, 2H, ArH), 8.21 (s, 2H, ArH), 8.26 (s, 2H, ArH);
EIMS (70 eV) m/z=464 (M™)

Sixth Example

[0220] Next, an explanation will be given of synthesis of
naphtho[2,3-b:7,6-b'|dithiophene step by step.
3,6-dibromo-2,7-bis(trimethylsilylethynyl)naphtha-
lene

[0221] Using 3,6-dibromo-2,7-bis(trifluoromethanesulio-
nyl)naphthalene synthesized as explained above, 3,6-di-

14
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bromo-2,7-bis(trimethylsilylethynyl)naphthalene was syn-
thesized through the following procedures.

[0222] Under a nitrogen atmosphere, 3,6-dibromo-2,7-bis
(trifluvoromethanesulfonyl)naphthalene (382 mg, 1.0 mmol)

was dissolved in DMF (7 ml) and diisopropylamineamine (7
ml). The solution was degassed for 30 minutes.

[0223] Pd(PPh,),Cl, (70 mg, 0.05 mmol, 10 mol %) and
Cul (38 mg, 0.1 mmol, 20 mol %) as catalysts, and trimeth-
ylsilylacetylene (0.22 ml, 2.0 mmol) as a reagent were added
to the solution. It was stirred for 11 hours at a room tempera-
ture 1n order to let 1t reacted, and then pure water (1 ml) and
hexane (20 ml) were added. Next, mnsoluble solids were {il-
trated and separated. At this time, high-tlow super-cell (reg-
istered trademark) was used as a filtration aiding agent.

[0224] Thefiltrate was subjected to extraction using hexane
(5 ml). This extraction was performed three times through the
same procedures. Thereafter, an organic phase was rinsed by
a saturated saline solution (5 ml). This rinsing was performed
three times through the same procedures.

[0225] Water contained 1n the organic phase was eliminated
using anhydrous magnesium sulfate, and then the solvent was
distilled under a pressure reduction condition, thereby obtain-
ing a rough product.

[0226] The rough product was separated and purified
through a silica-gel column chromatography (R1=0.2) having
hexane as a moving phase, thereby obtaining a white solid of
3,6-dibromo-2,7-bis(trimethylsilylethynyl )naphthalene (92
mg, yield: 19%).

[0227] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemuical Formula 25]

11O OTf
(CH;)3SiCCH
Br Br
TMS TMS
AN 4
Br Br

[0228] Various spectrum data of the obtained 3,6-dibromo-
2, 7-bis(trimethylsilylethynyl)naphthalene are 1indicated
below.
[0229] 'H-NMR (270 MHz, CDCl,) 60.30 (s, 18H, TMS).

7.90 (s, 2H, ArH), 7.95 (s, 2H, ArH); EIMS (70 eV) m/z=478
(M)

Synthesis of naphtho[2,3-b:7,6-b'|dithiophene

[0230] Under a mtrogen atmosphere, Na,S.9H,0O (101 mg,
0.42 mmol) was suspended in NMP (3 ml), and the suspen-
s1ion was stirred for 15 minutes.

[0231] 3,6-dibromo-2,7-bis(trimethylsilylethynyl)naph-
thalene (50 mg, 0.10 mmol) was added to the suspension, and
the suspension was stirred for 12 hours at a temperature of
190° C. It was cooled to a room temperature, and poured 1n a
saturated ammonium chloride water solution (20 ml). A pre-
cipitated solid was separated and collected by filtering.
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[0232] This solid substance was rinsed by pure water, etha-
nol, and hexane, thereby obtaining a yellow solid of naphtho

[2,3-b:7,6-b'|dithiophene (73 mg, yield: 45%).
[0233] The reaction formula of the above-explained reac-
tion 1s as follow.

Chemical Formula 26

TMS TMS
AN /
NE]QS 0 H20

Br ™~ Br

ahhh

S N TS

/

Jen-

\

[0234] Various spectrum data of the obtained naphtho[2,3-
b:7,6-b'|dithiophene are indicated below.

[0235] 'H-NMR (270 MHz, CDCL,) 87.43 (d, 2H, J=5.5
Hz, ArH),7.50(d, 2H, J=5.5 Hz, ArH),8.45 (s, 2H, ArH), 8.47
(s, 2H, ArH); EIMS (70 eV ) m/z=240 (M™)

Seventh Example

[0236] Next, a specific explanation will be given of
example synthesis of the compound represented by the gen-
eral formula (3) based on an example.

[0237] First, an explanation will be given below of synthe-
s1s of naphtho[1,2-b:5,6-b'|dithiophene step by step.

Synthesis of 1,5-dichloro-2,6-dihydroxynaphthalene

[0238] Under a nitrogen atmosphere, 2,6-dihydroxynaph-
thalene (3.0 g, 18.7 mmol) was dissolved 1n acetic acid (90
ml). Note that the acetic acid was used as a solvent.

[0239] Sulfuryl chloride (3.0 ml, 37.5 mmol) was dripped
in the solution, and the solution was stirred for five hours at a
room temperature. Next, pure water (50 ml) was added to the
reaction solution. A precipitated solid was separated and col-
lected by filtering. This solid substance was dried under a
reduced pressure condition, thereby obtaining a white solid of
1,5-dichloro-2,6-dihydroxynaphthalene (3.3 g, yield: 78%).

[0240] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 27|
OH

SO,Cl,
-

®
HO/\/

R
NP

Cl
\)\/OH
N

HO

Cl

[0241] Various spectrum data of the obtained 1,5-dichloro-
2,6-dihydroxynaphthalene are indicated below.
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[0242] 'H-NMR (270 MHz, CDCl,) 85.79 (s, 2H, OH),
7.35 (d, 2H, J=8.9 Hz, ArH), 7.96 (d, 2H, J=8.9 Hz, ArH):;
EIMS (70 eV) m/z=228 (M™)

Synthesis of 1,5-dichloro-2,6-bis(trifluoromethane-
sulfonyl)naphthalene

[0243] Under a nitrogen atmosphere, 1,5-dichloro-2,6-di-
hydroxynaphthalene (2.3 g, 10 mmol) and pyridine (4.8 ml,
60 mmol) were dissolved in methylene chloride (100 ml).
Note that pyridine was used as an additive 1n order to elimi-
nate unnecessary materials, and methylene chloride was used
as a solvent.

[0244] Anhydrous trifluoromethanesulfonate acid (3.6 ml,
22 mmol) was slowly added to the solution 1n an ice bath. It
was stirred for 18 hours at a room temperature, and pure water
(10ml) and 1N hydrochloric acid (10 ml) were added 1n order
to terminate the reaction.

[0245] Next, the reaction solution was subjected to extrac-
tion using methylene chloride (20 ml). This extraction was
performed three times through the same procedures. There-
alter, an organic phase was rinsed by a saturated saline solu-
tion (20 ml). This nnsing was performed three times through
the same procedures.

[0246] Water contained 1nthe organic phase was eliminated
using anhydrous magnesium sulfate, and then the solvent was
distilled under a pressure reduction condition, thereby obtain-
ing a rough product.

[0247] The rough product was separated and purified
through a silica-gel column chromatography (R of target=0.
95) having methylene chloride as a moving phase, thereby
obtaining a white solid of 1,5-dichloro-2,6-bis(trifluo-
romethanesulifonyl)naphthalene (4.9 g, yield: 99%).

[0248] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 28]

Cl
OH

NN (CF350,),0
o N

Cl

Cl
Olt
T1O
Cl

[0249] Various spectrum data of the obtained 1,5-dichloro-

2,6-bis(trifluoromethanesulionyl )naphthalene are indicated
below.

[0250] 'H-NMR (270 MHz, CDCL,) 87.68 (d, 2H, J=9.3
Hz, ArH), 8.40 (d, 2H, J=9.3 Hz, ArH); EIMS (70 eV)
m/z=492 (M™)

Synthesis of 1,5-dichloro-2,6-bis(trimethylsilylethy-
nyl)naphthalene

[0251] Under a nitrogen atmosphere, 1,5-dichloro-2,6-bis
(trifluoromethanesulfonyl)naphthalene (247 mg, 0.5 mmol)
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and triethylamine (0.21 ml, 1.5 mmol) were dissolved 1n
DMF (5 ml). The solution was degassed for 30 minutes.
[0252] Pd(PPh,),Cl, (35 mg, 0.05 mmol, 10 mol %) and
Cul (19 mg, 0.1 mmol, 20 mol %) as catalysts, and trimeth-
ylsilylacetylene (0.21 ml, 15 mmol) as a reagent were added
to the solution. It was stirred for 17 hours and 30 minutes at a
room temperature, and pure water (1 ml) and 1N hydrochloric
acid (1 ml) were added 1n order to terminate the reaction.
[0253] The reaction solution was subjected to extraction
using methylene chloride (5 ml). This extraction was per-
formed three times through the same procedures. Thereafiter,
an organic phase was rinsed by a saturated saline solution (5
ml). This rinsing was performed three times through the same
procedures.

[0254] Water contained 1nthe organic phase was eliminated
using anhydrous magnesium sulfate, and then the solvent was
distilled under a pressure reduction condition, thereby obtain-
ing a rough product.

[0255] The rough product was separated and purified
through a silica-gel column chromatography (R1=0.2) having
hexane as a moving phase, thereby obtaining a white solid of
1,5-dichloro-2,6-bis(trimethylsilylethynyl )naphthalene (89
mg, 46%).

[0256] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 29|

Cl
OTtf
(CH;);SiCCH
110
Cl
Cl TMS
S
‘ XX
N
A
TMS Cl

[0257] Various spectrum data of the obtained 1,5-dichloro-

2,6-bis(trimethylsilylethynyl)naphthalene are 1ndicated

below.

[0258] 'H-NMR (270 MHz, CDCIl;) 60.31 (s, 18H, TMS),
7.61 (d, 2H, J=8.8 Hz, ArH), 8.12 (d, 2H, J=8.8 Hz, ArH);
EIMS (70 eV) m/z=388 (M™)

Synthesis of naphtho[1,2-b:5,6-b'|dithiophene

[0259] Under a nitrogen atmosphere, Na,S.9H,O (615 mg,
2.56 mmol) was suspended in NMP (15 ml), and the suspen-
sion was stirred for 15 minutes.

[0260] 1,5-dichloro-2,6-bis(trimethylsilylethynyl)naph-
thalene (250 mg, 0.64 mmol) was added to the suspension,
and the suspension was stirred for 12 hours at a temperature of
190° C. It was cooled to a room temperature, and poured 1n a
saturated ammonium chloride water solution (50 ml). A pre-
cipitated solid was separated and collected by filtering.

[0261] This solid substance was separated and purified by a
silica-gel column chromatography (R1=0.2) having hexane as
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a moving phase, thereby obtaining a white solid of naphtho
[1,2-b:5,6-b'|dithiophene (139 mg, 90%).

[0262] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 30]

Na25«9H20
TMS »

‘\
ra

Cl
=

TMS

Y,
2l

[0263] Various spectrum data of the obtained naphtho[1,2-
b:5,6-b'|dithiophene are indicated below.

[0264] "H-NMR (270 MHz, CDCL,) §7.50 (d, 2H, J=5.3
Hz, ArH),7.54 (d, 2H, J=5.3 Hz, ArH), 7.95 (d, 2H, J=8.6 Hz,
ArH), 8.07 (d, 2H, J=8.6 Hz, ArH); EIMS (70 ¢V) m/z=240
(M™); mp 150.4-150.8° C.

Eighth Example

[0265] Next, an explanation will be given of synthesis of
2, 7-diphenylnaphtho[1,2-b:5,6-b'|dithiophene step by step.

Synthesis of
1,5-dichloro-2,6-bis(phenylethynyl )naphthalene

[0266] Using 1,5-dichloro-2,6-bis(trifluoromethanesulio-
nyl)naphthalene synthesized as explamned above, 1.5-
dichloro-2,6-bis(phenylethynyl)naphthalene was synthe-
s1zed through the following procedures

[0267] Under a nitrogen atmosphere, 1,5-dichloro-2,6-bis
(trifluoromethanesulfonyl)naphthalene (493 mg, 1.0 mmol)
and triethylamine (0.42 mg, 3.0 mmol) were dissolved 1n
DMF (10 ml). The solution was degassed for 30 minutes.

[0268] Pd(PPh,),Cl, (70 mg, 0.1 mmol, 10 mol %) and Cul
(38 mg, 0.1 mmol, 20 mol %) as catalysts, and phenylacety-
lene (0.33 ml, 3.0 mmol) as a reagent were added to the
solution. It was stirred for 27 hours at a room temperature 1n
order to let it reacted, and then pure water (1 ml) and 1N
hydrochloric acid (1 ml) were added 1n order to terminate the
reaction.

[0269] The reaction solution was subjected to extraction
using methylene chloride (10 ml). This extraction was per-
formed three times through the same procedures. Thereatter,
an organic phase was rinsed by a saturated saline solution (10
ml). This rinsing was performed three times through the same
procedures.

[0270] Water contained inthe organic phase was eliminated
using anhydrous magnesium sulfate, and then the solvent was
distilled under a pressure reduction condition, thereby obtain-
ing a rough product.
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[0271] The rough product was separated and purified
through a silica-gel column chromatography (R1=0.2) having
hexane as a moving phase, and then rinsed by hexane, thereby
obtaining a light yellow solid of 1,5-dichloro-2,6-bis(phenyl-
cthynyl naphthalene (180 mg, yield: 45%).

[0272] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 31|

Cl
OTf C6H5CCHP
110
Cl
Cl Ph
S
2
/ \‘/

Ph Cl

[0273] Various spectrum data of the obtained 1,5-dichloro-

2,6-bis(phenyethynyl )naphthalene are indicated below.

[0274] 'H-NMR (270 MHz, CDCL,) $7.39-7.42 (m, 6H,
ArH), 7.63-7.67 (m, 4H, ArH), 7.74 (d, 2H, J=8.6 Hz, ArH),
8.25 (d, 2H, J=8.6 Hz, ArH); EIMS (70 eV) m/z=396 (M™)

Synthesis of
2, 7-diphenylnaphtho[1,2-b:5,6-b'|dithiophene

[0275] Under a nitrogen atmosphere, Na,S.9H,O (608 mg,
2.53 mmol) was suspended in NMP (15 ml), and the suspen-
s1on was stirred for 15 minutes.

[0276] 1,5-dichloro-2,6-bis(phenylethynyl)naphthalene
(250 mg, 0.63 mmol) was added to the suspension, and the
suspension was stirred for 12 hours at a temperature of 190°
C. The reaction solution was cooled to a room temperature,
and poured 1n a saturated ammonium chloride water solution

(50 ml). A precipitated solid was separated and collected by
filtering.

[0277] The solid substance was subjected to sublimation
and purification, thereby obtaining 2,7-diphenylnaphtho[1,2-
b:5,6-b'|dithiophene (147 mg, 60%).

[0278] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 32|

Na2S<0H20
Ph >

rad

Ph

Cl
pZ
N
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Ph
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NS

Ph

[0279] Various spectrum data of the obtained 2,7-diphenyl-
naphtho[1,2-b:5,6-b'|dithiophene are indicated below.

[0280] 'H-NMR (270 MHz, CDCl,) $7.34-7.40 (m, 21,
ArH), 7.45-7.57 (m, 4H, ArH), 7.71 (s, 2H, ArH), 7.79-7.82
(m, 4H, ArH), 7.91 (d, 2H, J=8.6 Hz, ArH), 8.05 (d, 2H, I=8.6
Hz, ArH); EIMS (70 eV) m/z=392 (M*)

Ninth Example

[0281] Next, an explanation will be given of synthesis of
2, 7-dioctylnaphtho[1,2-b:5,6-b'|dithiophene step by step.

Synthesis of
1,5-dichloro-2,6-di(decyne-1-yl)naphthalene

[0282] Using 1,3-dichloro-2,6-bis(trifluoromethanesulio-
nyl)naphthalene synthesized as explamned above, 1.5-
dichloro-2,6-di(decyne-1-yl)naphthalene was synthesized
through the following procedures.

[0283] Under a mitrogen atmosphere, 1,5-dichloro-2,6-bis
(trifluoromethanesulfonyl)naphthalene (493 mg, 1.0 mmol)
and triethylamine (0.42 mg, 3.0 mmol) were dissolved 1n
DMF (10 ml). The solution was degassed for 30 minutes.

[0284] Pd(PPh,),Cl, (70mg, 0.1 mmol, 10 mol %) and Cul
(38 mg, 0.1 mmol, 20 mol %) as catalysts, and 1-decyne (0.54
ml, 3.0 mmol) as a reagent were added to the solution. It was
stirred for 27 hours at a room temperature in order to let it
reacted, and then pure water (1 ml) and 1N hydrochloric acid
(1 ml) were added to terminate the reaction.

[0285] The reaction solution was subjected to extraction
using methylene chloride (10 ml). This extraction was per-
formed three times through the same procedures. Thereafter,
an organic phase was rinsed by a saturated saline solution (10
ml). This rinsing was performed three times through the same
procedures.

[0286] Water contained inthe organic phase was eliminated
using anhydrous magnesium sulfate, and then the solvent was
distilled under a pressure reduction condition, thereby obtain-
ing a rough product.

[0287] The rough product was separated and purified
through a silica-gel column chromatography (R1=0.3) having
hexane as a moving phase, thereby obtaining a white solid of
1,5-dichloro-2,6-di{(decyne-1-yl)naphthalene (408 mg, vield:
87%).

[0288] The reaction formula of the above-explained reac-
tion 1s as follow.
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|Chemical Formula 33|

Cl
Cl10HI18

N /OTf

110 /
Cl
Cl C8H17
A
N\
i
H17C8 Cl

[0289] Various spectrum data of the obtained 1,5-dichloro-

2,6-di(decyne-1-yl)naphthalene are indicated below.

[0290] 'H-NMR (270 MHz, CDCl,) 80.89 (t, 6H, J=7.0,
1.23-1.71 (m, 24H, CH,), 2.53 (t, 4H, J=7.0 Hz, CH,), 7.56
(d, 2H, J=8.5 Hz, ArH), 8.13 (d, 2H, J=8.5 Hz, ArH); EIMS
(70 eV) m/z=468 (M™)

Synthesis of
2, 7-dioctylnaphtho[1,2-b:5,6-b'|dithiophene

[0291] Under a nitrogen atmosphere, Na,S.9H,0O (204 mg,
0.85 mmol) was suspended in NMP (5 ml), and the suspen-
s1on was stirred for 15 minutes.

[0292] 1,5-dichloro-2,6-di(decyne-1-yl)naphthalene (100
mg, 0.21 mmol) was added to the suspension, and the sus-
pension was stirred for 13 hours at a temperature of 190° C. It
was cooled to a room temperature, and poured 1n a saturated
ammonium chloride water solution (30 ml). A precipitated
solid was separated and collected by filtering.

[0293] The solid substance was separated and purified
through a silica-gel column chromatography (R1=0.5) having
hexane as a moving phase, thereby obtaining a white solid of
2, 7-dioctylnaphtho[1,2-b:5,6-b"|dithiophene (147 mg, 60%).
[0294] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 34|

Na258-9H20
Cl

Cl

C8H17

7

7

H17C8

18
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[0295] Various spectrum data of the obtained 2,7-dioctyl-

naphtho[1,2-b:5,6-b'|dithiophene are indicated below.

[0296] 'H-NMR (270 MHz, CDCl,)80.88 (1, 6H, J=6.8 Hz,
CH,), 1.21-1.83 (m, 24H, CH,), 2.97 (t, 4H, J=7.4 Hz, CH,,),
7.14 (s, 2H, ArH), 7.77 (d, 2H, J=8.6 Hz, ArH), 7.91 (d, 2H,
J=8.6 Hz, ArH); EIMS (70 eV) m/z=464 (M™); mp 92-93° C.

Tenth Example
Synthesis of naphtho[1,2-b:5,6-b]diselenophene

[0297] Under a nitrogen atmosphere, selenium (72 mg,
0.91 mmol) was suspended 1n ethanol (3 ml), and sodium
boron hydride (34 mg, 0.91 mmol) was further added thereto
in an ice bath, and the suspension was stirred for 40 minutes.
[0298] NMP (10 ml) and 1,3-dichloro-2,6-bis(trimethylsi-
lylethynyl)naphthalene (100 mg, 0.26 mmol) were added to

the suspension, and the suspension was stirred for 12 hours at
a temperature ol 190° C.

[0299] Thereaction solution was cooledto aroom tempera-
ture, and poured 1n a saturated ammonium chloride water
solution (50 ml). A precipitated solid was separated and col-
lected by filtering. This solid substance was separated and
purified by a silica-gel column chromatography (R1=0.2)
having hexane as a moving phase, thereby obtaining a white
solid of naphtho[1,2-b:5,6-b'|diselenophene (70 mg, vield:
81%).

[0300] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 35]

Cl ™S 2% o
S
N
/

TMS Cl
863
X
p

\ Se
[0301] Various spectrum data of the obtained naphtho[1,2-

b:5,6-b'|diselenophene are indicated below.
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[0302] 'H-NMR (270 MHz, CDCl,) 87.73 (d, 2H, J=5.8
Hz, ArH), 7.92 (s, 4H, ArH), 8.08 (d, 2H, J=5.9 Hz, ArH),
I3C-NMR (100 MHz, CDCL,) 8123.56, 124.40, 128.37, 128.
39, 129.22, 139.95, 142.23; EIMS (70 eV) m/z=336 (M™)

Eleventh Example

Synthesis of 2,7-diphenylnaphtho[1,2-b:5,6-b"]|dis-
clenophene

[0303] Under a nitrogen atmosphere, selenium (141 mg,
1.8 mmol) was suspended 1n ethanol (4 ml), and then sodium
boron hydrnide (68 mg, 1.8 mmol) was added thereto 1n an 1ce
bath, and the suspension was stirred for 40 minutes.

[0304] NMP (20 ml) and 1,3-dichloro-2,6-bis(phenylethy-
nyDnaphthalene (200 mg, 0.5 mmol) were added to the sus-
pension, and the suspension was stirred for 12 hours at a
temperature of 190° C. The reaction solution was cooled to a
room temperature, and poured 1n a saturated ammonium chlo-

ride water solution (50 ml). A precipitated solid was separated
and collected by filtering.

[0305] This solid substance was purified through tempera-
ture gradient thermal sublimation, thereby obtaining a light
yellow solid of 2.7-diphenylnaphtho[1,2-b:5,6-b'|disele-
nophene (66 mg, yield: 27%).

[0306] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 36]
Se

Cl Ph ———

Ph

‘\
(T

Ph

Se
A

[0307] Various spectrum data of the obtained 2,7-diphenyl-
naphtho[1,2-b:5,6-b'|diselenophene are indicated below.
Note that 2,7-diphenylnaphtho[1,2-b:5,6-b'|diselenophene
was hardly soluble, which made 'H-NMR measurement
unable.

[0308] FEIMS (70 eV) m/z=488 (M™)
Twelith Example
[0309] Next, a specific explanation will be given of a syn-

thesis example of the compound represented by the general
formula (4).
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[0310] First, an explanation will be given of synthesis of
naphtho[2,1-b:6,5-b'|dithiophene step by step.

synthesis of 2,6-dibromo-1,5-dihydroxynaphthalene

[0311] Under a nitrogen atmosphere, 1,5-dihydroxynaph-
thalene (5.0 g, 31 mmol) and a little amount of 10dine were
dissolved 1n acetic acid (150 ml). This solution was heated to
a temperature ol 80° C. Note that acetic acid was used as a
solvent.

[0312] Bromine (3.2 ml, 62.4 mmol) was dripped in the
solution, and reaction was carried out under a reflux tempera-
ture for 12 hours. The reaction solution was cooled to a room
temperature, and pure water (50 ml) was added thereto. A
precipitated solid was separated and collected by filtering.
This solid substance was rinsed by pure water, and dried
under a reduced pressure condition, thereby obtaining a white
solid of 2,6-dibromo-1,5-dihydroxynaphthalene (8.2 g, vield:
83%).

[0313] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 37]
OH

OH
/\/K AN o
NS

XX
‘ Br2
Y

OH
[0314] Various spectrum data of the obtained 2,6-dibromo-
1,5-dihydroxynaphthalene are indicated below.

[0315] 'H-NMR (400 MHz, CDCL,) $5.99 (s, 2H, OH),
7.39 (d, 2H, 1=9.4 Hz, ArH), 7.70 (d, 2H, J=9.4 Hz, ArH);
BIMS (70 eV) m/z=318 (M*)

Br/ /

OH

Synthesis of 2,6-dibromo-1,5-bis(trifluoromethane-
sulfonyl)naphthalene

[0316] Under a mitrogen atmosphere, 2,6-dibromo-1,5-di-
hydroxynaphthalene (3.0 g, 9.4 mmol) and pynidine (4.5 ml,
56 mmol) were dissolved in methylene chloride (90 ml).
Pyridine was used as an additive 1n order to eliminate unnec-
essary materials, and methylene chloride was used as a sol-
vent.

[0317] Anhydrous trifluoromethanesulfonate acid (3.3 ml,
21 mmol) was slowly added to the solution 1n an ice bath. It
was stirred for 4 hours and 30 minutes at a room temperature,
and pure water (10 ml) and 1N hydrochloric acid (10 ml) were
added 1n order to terminate the reaction.

[0318] The reaction solution was subjected to extraction
using methylene chloride (20 ml). This extraction was per-
formed three times through the same procedures. Thereafter,
an organic phase was rinsed by a saturated saline solution (20
ml). This rinsing was performed three times through the same
procedures.

[0319] Water contained inthe organic phase was eliminated
using anhydrous magnesium sulfate, and then the solvent was
distilled under a pressure reduction condition, thereby obtain-
ing a rough product.

[0320] The rough product was separated and purified
through a silica-gel column chromatography (R1=0.95) hav-
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ing methylene chloride as a moving phase, thereby obtaining
a white solid of 2,6-dibromo-1,5-bis(trifluoromethanesulio-

nyl)naphthalene (3.2 g, yield: 58%).
[0321] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 38|

OH
L, (CF3502)20
r : S

X XY
Br/ / /

OH

Olf
‘/\ \ Br
Br/% /
OTf

[0322] Various spectrum data of the obtained 2,6-dibromo-

1,5-bis(trifluoromethanesulfonyl)naphthalene are indicated
below.

[0323] 'H-NMR (270 MHz, CDCL,) 67.89 (d, 2H, J=9.2
Hz, ArH), 8.03 (d, 2H, J=9.2 Hz, ArH); EIMS (70 eV)
m/z=582 (M™)

Synthesis of 2,6-dibromo-1,5-bis(trimethylsilylethy-
nyl)naphthalene

[0324] Under a nitrogen atmosphere, 2,6-dibromo-1,5-bis
(trifluoromethanesulifonyl)naphthalene (582 mg, 1.0 mmol)
was dissolved in DMF (7 ml) and diisopropylamine (7 ml).
The solution was degassed for 30 minutes.

[0325] Pd(PPh,),Cl, (70 mg, 0.05 mmol, 10 mol %) and
Cul (38 mg, 0.1 mmol, 20 mol %) as catalysts, and trimeth-
ylsilylacetylene (0.28 ml, 2.0 mmol) as a reagent were added
to the solution. It was stirred for 11 hours at a room tempera-
ture, and pure water (1 ml) and 1N hydrochloric acid (1 ml)
were added 1n order to terminate the reaction.

[0326] The reaction solution was subjected to extraction
using methylene chlonide (5 ml). This extraction was per-
formed three times through the same procedures. Thereafter,
an organic phase was rinsed by a saturated saline solution (5
ml). This rinsing was performed three times through the same
procedures.

[0327] Water contained 1nthe organic phase was eliminated
using anhydrous magnesium sulfate, and then the solvent was
distilled under a pressure reduction condition, thereby obtain-
ing a rough product.

[0328] The obtained rough product was separated and puri-
fied through a silica-gel column chromatography (R1=0.2)
having hexane as a moving phase, thereby obtaining a white
solid of 2,6-dibromo-1,35-bis(trimethylsilylethynyl)naphtha-
lene (234 mg, vield: 49%).

[0329] The reaction formula of the above-explained reac-
tion 1s as follow.
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|Chemical Formula 39|

OTf
(CH3)3SiCCH

Br -

e

)
s

OTf
TMS
|
‘ e U
a

Br

TMS

[0330]
1,5-bis(trimethylsilylethynyl)naphthalene  are
below.

[0331] 'H-NMR (270 MHz, CDC1,) 80.29 (s, 1814, TMS),
7.71 (d, 214, ]1=8.8 Hz, ArH), 8.14 (d, 2H, J=8.8 Hz, ArH);
EIMS (70 eV) m/z=478 (M™)

Various spectrum data of the obtained 2,6-dibromo-
indicated

Synthesis of naphtho[2,1-b:6,5-b'|dithiophene

[0332] Under a nmitrogen atmosphere, Na,S.9H,0O (202 mg,
0.84 mmol) was suspended in NMP (6 ml), and the suspen-
s1ion was stirred for 15 minutes.

[0333] 2,6-dibromo-1,5-bis(trimethylsilylethynyl)naph-
thalene (100 mg, 0.2 mmol) was added to the suspension, and
the suspension was stirred for 14 hours at a temperature of
190° C. It was cooled to a room temperature, and poured in a
saturated ammonium chloride water solution (20 ml). A pre-
cipitated solid was separated and collected by filtering. Thus,
naphtho[2,1-b:6,5-b'[dithiophene (62 mg) was obtained.
[0334] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 40]

T

MS
i
\/Br

\
b N N\F

)

Na2§8+9H20

Je=-

TMS
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-continued

[0335] Various spectrum data of the obtained naphtho[2,1-
b:6,5-b'|dithiophene are indicated below.

[0336] 'H-NMR (270 MHz, CDCl,) 87.43 (d, 2H, J=5.4
Hz, ArH), 8.05 (d, 2H, J=155.5 Hz, ArH), 8.05 (d, 2H, J=8.9
Hz, ArH), 8.30 (d, 2H, J=8.9 Hz, ArH); EIMS (70 eV)
m/z=240 (M™)

Thirteenth Example

[0337] Next, an explanation will be given of synthesis of
2, 7-diphenylnaphtho|2,1-b:6,5-b'|dithiophene step by step.

Synthesis of
2,6-dibromo-1,5-bis(phenylethynyl )naphthalene

[0338] Using 2,6-dibromo-1,5-bis(trifluoromethanesulio-
nyl)naphthalene synthesized as explained above, 2,6-di-
bromo-1,5-bis(phenylethynyl)naphthalene was synthesized
through the following procedures.

[0339] Under a nitrogen atmosphere, 2,6-dibromo-1,5-bis
(trifluoromethanesulfonyl)naphthalene (382 mg, 1.0 mmol)
was dissolved in DMF (7 ml) and diuisopropylamine (7 ml).
The solution was degassed for 30 minutes.

[0340] Pd(PPh,).Cl, (70 mg, 0.05 mmol, 10 mol %) and

Cul (38 mg, 0.1 mmol, 20 mol %) as catalysts, and pheny-
lacetylene (0.22 ml, 2.0 mmol) as a reagent were added to the
solution. It was stirred for 11 hours at a room temperature 1n
order to let 1t reacted, and then pure water (1 ml) and 1IN
hydrochloric acid (1 ml) were added 1n order to terminate the
reaction.

[0341] The reaction solution was subjected to extraction
using methylene chloride (5 ml). This extraction was per-
tformed three times through the same procedures. Thereaftter,
an organic phase was rinsed by a saturated saline solution (5
ml). This rinsing was performed three times through the same
procedures.

[0342] Water contained 1nthe organic phase was eliminated
using anhydrous magnesium sulfate, and then the solvent was
distilled under a pressure reduction condition, thereby obtain-

ing a rough product.

[0343]
through a silica-gel column chromatography (R1=0.1) having

The rough product was separated and purified

hexane as a moving phase, thereby obtaining a white solid of
2,6-dibromo-1,5-bis(phenylethynyl)naphthalene (437 mg,
yield: 90%).
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[0344] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemuical Formula 41]

OT1f
/\)\/ B
N

‘ N CHsCCH
B Y
oTt )
I
N XY
N ‘ N

Ph

[0345] Various spectrum data of the obtained 2,6-dibromo-
1,5-bis(phenyethynyl)naphthalene are indicated below.
[0346] 'H-NMR (270 MHz, CDCl,) 87.42-7.44 (m, 6H,
ArH), 7.69-7.72 (m, 4H, ArH), 7.79 (d, 2H, J=8.9 Hz, ArH),
8.27 (d, 2H, J=8.9 Hz, ArH); EIMS (70 ¢V) m/z=486 (M™)

Synthesis of
2, 7-diphenylnaphtho[2,1-b:6,5-b'|dithiophene

[0347] Under a nitrogen atmosphere, Na,S.9H,0 (404 mg,
1.68 mmol) was suspended 1n NMP (12 ml), and the suspen-
s1on was stirred for 15 minutes.

[0348] 2.6-dibromo-1,5-bis(phenylethynyl)naphthalene
(200 mg, 0.4 mmol) was added to the suspension, and the
suspension was stirred for 14 hours at a temperature of 190°
C. It was cooled to a room temperature, and poured in a
saturated ammonium chloride water solution (20 ml). A pre-
cipitated solid was separated and collected by filtering,

thereby obtaining 2, 7-diphenylnaphtho[2,1-b:6,5-b']
dithiophene (192 mg).
[0349] The reaction formula of the above-explained reac-

tion 1s as follow.

|Chemical Formula 42 |

P

h
J\
N X Na2S+9H20

‘ -

Br /\/

Ph
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[0350] Various spectrum data of the obtained 2,7-diphenyl-

naphtho[2,1-b:6,5-b'|dithiophene are indicated below.
[0351] "H-NMR (400 MHz, CDCl,) 87.39-7.40 (m, 2H,
ArH), 7.47-7.51 (m, 4H, ArH), 7.82-7.84 (m, 4H, ArH), 8.01
(d, 2H, J=8.6 Hz, ArH), 7.71 (s, 2H, ArH), 8.05 (d, 2H, J=8.6
Hz, ArH); EIMS (70 eV) m/z=392 (M™)

Fourteenth Example

[0352] Next, an explanation will be given of synthesis of
2, 7-dioctylnaphtho[2,1-b:6,5-b"|dithiophene step by step.

Synthesis of
2,6-dibromo-1,5-di(decyne-1-yl)naphthalene

[0353] Using 2,6-dibromo-1,5-bis(trifluoromethanesulio-
nyl)naphthalene synthesized as explained above, 2,6-di-
bromo-1,5-di(decyne-1-yl)naphthalene was synthesized
through the following procedures.

[0354] Under a nitrogen atmosphere, 2,6-dibromo-1,5-bis
(trifluoromethanesulifonyl)naphthalene (582 mg, 1.0 mmol)
was dissolved in DMF (7 ml) and diuisopropylamine (7 ml).
The solution was degassed for 30 minutes.

[0355] Pd(PPh,).Cl, (70 mg, 0.05 mmol, 10 mol %) and

Cul (38 mg, 0.1 mmol, 20 mol %) as catalysts, and 1-decyne
(0.36 ml, 2.0 mmol) as a reagent were added to the solution.
Itwas stirred for 11 hours at a room temperature in order to let
it reacted, and then pure water (1 ml) and 1N hydrochloric
acid (1 ml) were added to terminate the reaction.

[0356] The reaction solution was subjected to extraction
using methylene chlonide (5 ml). This extraction was per-
tformed three times through the same procedures. Thereaftter,
an organic phase was rinsed by a saturated saline solution (5
ml). This rinsing was performed three times through the same
procedures.

[0357] Water contained 1inthe organic phase was eliminated
using anhydrous magnesium sulfate, and then the solvent was
distilled under a pressure reduction condition, thereby obtain-
ing a rough product.

[0358] The rough product was separated and purified
through a silica-gel column chromatography (R1=0.2) having,
hexane as a moving phase, thereby obtaining a white solid of
2,6-dibromo-1,5-di(decyne-1-ylnaphthalene (340 mg,
yield: 61%).

[0359] The reaction formula of the above-explained reac-
tion 1s as follow.

22
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|Chemical Formula 43|
OTf
Ny CIOHISF
\/
Br Z
Olf
C8H17
Br
‘ XN
Br/\/ /
C8HI17

[0360] Various spectrum data of the obtained 2,6-dibromo-
1,5-di(decyne-1-yl)naphthalene are indicated below.

[0361] "H-NMR (270 MHz, CDCl,) 80.89 (t, 6H, J=7.0,
1.26-1.70 (m, 2411, CH,), 2.62 (t, 4H, J=7.3 Hz, CH,,), 7.68
(d, 2H, J=9.4 Hz, ArH), 8.10 (d, 2H, J=9.4 Hz, ArH); EIMS
(70 eV) m/z=558 (M™)

Synthesis of
2, 7-dioctylnaphtho[2,1-b:6,5-b'|dithiophene

[0362] Under a nmitrogen atmosphere, Na,S.9H,0 (404 mg,

1.68 mmol) was suspended 1n NMP (12 ml), and the suspen-
sion was stirred for 15 minutes.

[0363] 2,6-dibromo-1,5-di(decyne-1-yl)naphthalene (200
mg, 0.4 mmol) was added to the suspension, and the suspen-
sion was stirred for 14 hours at a temperature of 190° C. Itwas
cooled to a room temperature, and poured 1n a saturated
ammonium chloride water solution (20 ml). A precipitated
solid was separated and collected by filtering, thereby obtain-
ing 2,7-dioctylnaphtho[2,1-b:6,5-b'|dithiophene (200 mg,
yield: 100%).

[0364] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 44|
CgH 7

Br Na,SeOH,0

-

Br

CgHy7
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-continued
CgHy7
S
‘/\ I
yd y S
S
H7Cq

[0365] Various spectrum data of the obtained 2,7-dioctyl-
naphtho[2,1-b:6,5-b'|dithiophene are indicated below.
[0366] 'H-NMR (400 MHz, CDCl,) 80.88 (t, 6H, J=7.0 Hz,
CH,), 1.26-1.70 (m, 24H, CH,), 3.02 (t, 4H, J=7.3 Hz, CH,),
7.68 (s, 2H, ArH), 7.89 (d, 2H, J=8.8 Hz, ArH), 8.12 (d, 2H,
J=8.8 Hz, ArH); EIMS (70 e¢V) m/z=464 (M™)

Fifteenth Example

[0367] Next, a specific explanation will be given of an
example synthesis of the compound represented by the gen-
eral formula (3).

Synthesis of
2, 7-dibromonaphtho|[2,3-b:6,7-b'|dithiophene

[0368] Under anitrogen atmosphere, naphthal2,3-b:6,7-b']
dithiophene (50 mg, 0.21 mmol) synthesized in the first
example was suspended in THF (10 ml). The suspension was
cooled to a temperature of —78° C., and n-BuL.1 (0.4 ml, 0.63
mmol, 1.59 M) was added thereto. It was stirred for 30 min-

utes, and the THF solution (3 mL) of 1,2-dibromo-1,1,2,2-
tetrachloroethane (150 mg, 0.46 mmol) was dripped therein.

[0369] Next, the reaction solution was subjected to tem-
perature rising to a room temperature, stirred for 16 hours,
and pure water (1 ml) and 1N hydrochloric acid (1 ml) were
added to the reaction solution 1n order to terminate the reac-
tion. A precipitated solid was collected by filtering, thereby
obtaining 2,7-dibromonaphtho[2,3-b:6,7-b"|dithiophene (15
mg, vield: 18%).

[0370] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 45

/ ‘ A e C,Br,Cly
S N\ /
S
Br / Br

/

S

[0371] Various spectrum data of the obtained 2,7-dibro-
monaphtho[2,3-b:6,7-b'|dithiophene are indicated below.

[0372] 'H-NMR (400 MHz, CDCl,) 87.43 (s, 2H, Aril),
8.22 (s, 2H, ArH), 8.31 (s, 2H, ArH); EIMS (70 eV) m/z=398
(M)

23

Sep. 15, 2011

Sixteenth Example

[0373] Next, a specific explanation will be given of an
example synthesis of the compound represented by the gen-
eral formula (7).

Synthesis of
2, 7-dibromonaphtho[1,2-b:5,6-b'|dithiophene

[0374] Under anitrogen atmosphere, naphtho[1,2-b:5,6-b']
dithiophene (50 mg, 0.21 mmol) synthesized 1n the seventh
example was dissolved 1n THF (5 ml). The solution was
cooled to a temperature of —78° C., and n-BulL.1 (0.4 ml, 0.63
mmol, 1.59 M) was added thereto. It was stirred for 30 min-
utes, and the THF solution (3 mL) of 1,2-dibromo-1,1,2,2-
tetrachloroethane (651 mg, 2 mmol) was dripped therein.
[0375] The reaction solution was subjected to temperature
rising to a room temperature, stirred for 16 hours, and pure
water (1 ml) and 1N hydrochloric acid (1 ml) were added to
the reaction solution in order to terminate the reaction. The
reaction solution was subjected to extraction using methylene
chloride (5 ml). This extraction was performed three times
through the same procedures. Therealter, an organic phase
was rinsed by a saturated saline solution (5 ml). This rinsing
was performed three times through the same procedures.
[0376] Water contained inthe organic phase was eliminated
using anhydrous magnesium sulfate, and then the solvent was
distilled under a pressure reduction condition, thereby obtain-
ing a rough product. The rough product was separated and
purified through a silica-gel column chromatography (R1=0.
95) having methylene chloride as a moving phase, thereby
obtaining a white solid of 2,7-dibromonaphtho[1,2-b:5,6-b']
dithiophene (68 mg, yield: 81%).

[0377] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 46|

Br
S
\ C2Br2Cl4 /k \
‘/\ AN ‘/\ X
F N

< hg

\

Br

[0378] Various spectrum data of the obtained 2,7-dibro-
monaphtho[1,2-b:5,6-b'|dithiophene are indicated below.
[0379] 'H-NMR (270 MHz, CDCl,) 87.48 (s, 2H, ArH),
7.80 (d, 2H, J=8.5 Hz, ArH), 7.87 (d, 2H, J=8.5 Hz, ArH);
EIMS (70 eV) m/z=398 (M™)

Seventeenth Example

Synthesis of 2,7-diiodenaphtho[1,2-b:3,6-b]
dithiophene

[0380] Under anitrogen atmosphere, naphtho[1,2-b:5,6-b']
dithiophene (50 mg, 0.21 mmol) synthesized 1n the seventh
example was dissolved 1n THF (5 ml). The solution was
cooled to a temperature of —78° C., and n-Bul.1 (0.4 ml, 0.63
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mmol, 1.59 M) was added thereto. It was stirred for 30 min-
utes, and the THF solution (3 mL) of 1odine (117 mg, 0.46
mmol) was dripped therein.

[0381] The reaction solution was subjected to temperature
rising to a room temperature, stirred for 10 hours, and pure
water (1 ml) and 1N hydrochloric acid (1 ml) were added to
the reaction solution 1n order to terminate the reaction. A

precipitated solid was collected by filtering, thereby obtain-
ing a white solid of 2,7-duodenaphtho[l1,2-b:5,6-b']
dithiophene (82 mg, yield: 80%).

[0382] The reaction formula of the above-explained reac-
tion 1s as follow.

|Chemical Formula 47|
I

D= L
e e VA
P S

B \
(Y>> (1>~

S S

I

[0383] Various spectrum data of the obtaimned 2,7-diiode-
naphtho[1,2-b:5,6-b'|dithiophene are indicated below.
[0384] 'H-NMR (270 MHz, CDCl,) 87.68 (s, 2H, ArH),
7.82 (d, 2H, J=8.8 Hz, ArH), 7.86 (d, 2H, J=8.8 Hz, ArH);
EIMS (70 eV) m/z=492 (M™)

Eighteenth Example

[0385] <FET Characteristics>

[0386] FET devices were produced using 2,7-diphenyl-
naphtho[2,3-b:6,7-b'|dithiophene (hereinafter, referred to as
a compound A) synthesized in the second example, 2,7-d10-
ctylnaphtho[2,3-b:6,7-b'|dithiophene (heremnafiter, referred to
as a compound B) synthesized in the third example, 2,7-
diphenylnaphtho[ 1,2-b:5,6-b'|dithiophene (heremafter,
referred to as a compound C) synthesized in the eighth
example, and 2,7-diphenylnaphtho[1,2-b:5,6-b'|d1sele-
nophene (hereinatter, referred to as a compound D) synthe-
s1ized 1n the eleventh example, respectively, and respective
FET characteristics were examined.

[0387] AnFET deviceusing the compound A was produced
as follows. First, an S10, substrate was cut out with an area of
1 cm by 1 cm. The rear face of the S10, substrate was pro-
cessed by hydrofluoric acid 1 order to eliminate silica oxi-
dized 1n air. Next, Au was vacuum vapor deposited on the
S10, substrate, and a gate electrode was formed. An organic
thin-11lm of the compound A was formed on the front face of
the S10, substrate by vacuum vapor deposition. Note that
S10, substrate used was subjected to a surface process using
octyltrichlorosilane.

[0388] Au was vacuum vapor deposited on the formed
organic thin-film of the compound A using a shadow mask,
thereby forming a source electrode and a drain electrode.

[0389] The schematic configuration of the produced FET
device 1s shown 1n FIG. 1 (FIG. 1A 1s a cross-sectional view

of the FET device, and FIG. 1B 1s a plan view of the FET
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device). The FET device produced was a top-contact type.
The channel length was 50 um, and the channel width was 1.5
mm.

[0390] An FET device using the compound C and an FET
device using the compound D were produced through the
same procedures.

[0391] Moreover, an FET device using the compound B
was produced as follows. First, an S10, substrate was cut out
with an area of 1 cm by 1 cm. The rear face of the S10,
substrate was processed by hydrofluoric acid 1 order to
climinate silica oxidized 1n air. Next, Au was vacuum vapor
deposited on the S10, substrate, and a gate electrode was
formed. An organic thin-film of the compound B was formed
on the front face ot the S10,, substrate through a spin coating
technique (an organic thin-film forming condition: 3000 rpm,
30 sec). At this time, the compound B was used as a chloro-
form solution (concentration: 0.4 wt %).

[0392] Au was vacuum vapor deposited on the formed
organic thin-film of the compound B using a shadow mask,
thereby forming a source electrode and a drain electrode.
Note that this FET device had the same configuration, etc., as
that of the above-explained other FE'T devices.

[0393] The performance of an FET device depends on an
amount of current flowing when a potential 1s applied across
the source electrode and the drain electrode with a potential
being applied to the gate electrode. Hence, by measuring the
current value, it 1s possible to check the field mobility which
1s a characteristic of the FET device. The field mobility can be
obtained from an equation (a) representing the electrical char-
acteristics of a carrier kind produced 1n the organic semicon-
ductor layer upon application of the gate voltage to the S10,
as an 1nsulator.

Id=WuCo(V,-V)*/2L (a)

[0394] In the equation (a), Id 1s a saturated source-drain
current value, W 1s a channel width, Co 1s a gate electric
capacity, V, 1s a gate electrode, V, 1s a threshold voltage, and
L is a channel length. p is the field mobility (cm?/V ) of the
FET device set upon measurement. Co can be set depending
on the dielectric constant of the S10, insulator used. W and L
can be set depending on the device configuration of the FET
device.Idand V  can be set when the current value of the FE'T
device 1s measured. V, can be obtained from Id and V. By
substituting respective values 1n the equation (a), the field
mobility of each gate potential can be calculated. Note that
the threshold voltage [V,] was obtained as V_, which was a
value of a curve rising when plotted with the square root of
-Id being as a Y axis and V, being as an X axis.

[0395] Regarding respective FET devices, 1n order to check
a p-type FET characteristic, a negative gate electrode was
applied and respective FET devices were driven 1n air in order
to make an evaluation.

[0396] FIG. 2 1s a diagram showing the FE'T characteristic
of the FE'T device produced using the compound A. FIG. 3 1s
a diagram showing the FE'T characteristic of the FET device
produced using the compound B. FIG. 4 1s a diagram showing
the FET characteristic of the FE'T device produced using the
compound C. FIG. 5 1s a diagram showing the FET charac-
teristic of the FET device produced using the compound D.

[0397] FIGS. 2A, 3A, 4A, and 5A are V -Id curves of
respective FET devices. Moreover, FIGS. 2B, 3B, 4B, and 5B
are V_~Id curves of respective FET devices.

[0398] 'The V_-Id curve indicates a relationship between
the gate voltage (V,) and the current (Id) when the source-
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drain voltage (Vd) was fixed so that the current (Id) becomes
the value of a saturated current in an output characteristic.
That 1s, the V_-Id curve indicates a transter characteristic
(transmission characteristic) of the corresponding FET
device. In the V_-Id curve, the sharper the rising from an oft
state to an on state 1s, the better the switching characteristic 1s,
and the transistor characteristic is good. Moreover, the lower
an off current 1s, and the higher an on current 1s, the larger the
on/off ratio becomes, which indicates that the transistor 1s a
good transistor.

[0399] Conversely, the V_~Id curve indicates the relation-
ship between the source-drain voltage (V ;) and the current
(Id) when the gate voltage (V) 1s changed step by step. That
1s, the V_~Id curve indicates “the output characteristic (out-
puttlng characteristic) of the corresponding FET device.
Regarding the FET device, when it 1s indicated that the cur-
rent (Id) 1s saturated (a saturated current) in a range where the
source-drain voltage (V ;) 1s high and the current (Id) linearly
rises 1n a range where the source-drain voltage (V ) 1s low at
any gate voltage (V,), such an FET device has a good output
characteristic, and has a high-performance.

[0400] Inall of FIGS. 2A, 3A, 4A, and 5A, the current (Id)
sharply rises upon application of the gate voltage (V). This
indicates that the FET device of the present invention has a
good switching characteristic. Moreover, 1n all of FIGS. 2B,
3B, 4B, and 5B, the V _~Id curve substantially linearly rises in
a range where the source-drain voltage (V) 1s low, and the
drain current becomes constant 1n a range where the source-
drain voltage (V ) 1s high, and a saturated current 1s observed.
This indicates that the FE'T device of the present invention 1s
a high-performance FET device having a good output char-
acteristic.

[0401] Next, the field mobility of the FET device was
obtained through the above-explained scheme. In each of the
V ~ld curves, a condition when 'V was small from O to -10V
was taken as an off state, and a condition when V, was —-60V
was taken as an on state, and the ratio of the value of Id in each
ol the oiff state and the on state was obtained as an on/off ratio.
The results were as follows. In the case of the FET device
using the compoundA the field mobility was 0.7 cm®/Vs, and
the on/off ratio was 10°. In the case of the FET device using
the compound C, the field moblhty was 0.2 cm~/Vs, and the
on/oil ratio was 10 Moreover, 1n the case of the F. JT device
using the compound D, the field mobility was 0.2 cm?*/Vs, and
the on/off ratio was 10’. Thus, the FET devices using the
compounds A, C, and D, respectively, have a good measure-
ment result.

[0402] Moreover, the FET device produced through the
coating technique (spln coatmg) using the compound B had
the field mobility of 107> cm®/Vs stage, and the on/off ratio of
10° which were slightly poor in comparison with the FET
devices using the compounds A, C, and D. However, this FET
device also had an FET characten stic, so thatit becomes clear
that the production method of an F_,T device according to the
present invention can employ a coating technique.

[0403] Asexplained above, the FET devices using the com-
pounds A, B, C, and D synthesized in the above examples can
be used as p-type transistors.

[0404] This application 1s based on Japanese Patent Appli-
cation No. 2008-298830 filed on Nov. 21, 2008 and Japanese
Patent Application No. 2009-080527 filed on Mar. 27, 2009.
The whole specifications, claims, and drawings of Japanese
Patent Application No. 2008-298830 and Japanese Patent
Application No. 2009-0805277 are herein incorporated 1n this
specification by reference.

INDUSTRIAL APPLICABILITY

[0405] The compounds of the present invention have a con-
jugate system 1n molecules due to an 1nteraction between
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orbitals, and show a strong molecular interaction through a
sulfur atom or a selemium atom contained 1n a thiophene ring
or a selenophene ring 1n each molecule. This allows the com-
pounds of the present mvention to move carriers eificiently.
Because the compounds have a good field mobility, such
compounds can be used as organic semiconductor materials,
and organic semiconductor device can be produced using
such compounds.

1. A compound represented by a following general formula

(1), (2), (3) or (4).

|Chemuical Formula 1|

(1)

(2)

\ /
g/\
\ [N N

/
\ /
"\ /

(3)

)

S

(4)

(where 7 represents a sulfur atom or a selenium atom, and R
represents a hydrogen atom, an alkyl group or a phenyl group
in the above general formulae)

2. A compound represented by a following general formula

(5), (6), (7) or (8).

|Chemical Formula 2]

()

(6)
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-continued

(7)

A
P
\
X
(3)
X
Z
‘/\ X
S/ PN
X

(where 7 represents a sulfur atom or a selentum atom and X
represents a halogen atom 1n the above general formulae)

3. A method of producing a compound represented by a
tollowing general formula (1), (2), (3) or (4), the method
comprising;

a step of causing dihalogenodihydroxynaphthalene to react
with an anhydrous trifluoromethanesulifonic acid in
order to obtain dihalogeno-bis(trifluoromethanesulio-
nyl)naphthalene;

step of causing the dihalogeno-bis(trifluoromethane-
sulfonyl)naphthalene to react with a terminal acetylene
compound 1n order to obtain a dihalogeno-diethynyl-
naphthalene derivative; and

step ol causing the dihalogeno-diethynylnaphthalene
derivative to react with sulfide salt or selenide salt.

|Chemical Formula 3]

(1)

(2)
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-continued

(3)
R

/

F

(4)

(where Z represents a sulfur atom or a selenium atom, and R
represents a hydrogen atom, an alkyl group or a phenyl group
in the above general formulae)

4. The method of producing a compound according to
claim 3 further comprising a step of causing dihydroxynaph-
thalene to react with a halogenation agent in order to obtain
the dihalogenodihydroxynaphthalene.

5. The method of producing a compound according to
claim 4, wherein

the dihydroxynaphthalene i1s 2,6-dihydroxynaphthalene,
and

the compound obtained 1s a compound represented by the
general formula (1) or (3).

6. The method of producing a compound according to
claim 4, wherein

the dihydroxynaphthalene i1s 2,7-dihydroxynaphthalene,
and

the compound obtained 1s a compound represented by the
general formula (2).

7. The method of producing a compound according to
claim 4, wherein

the dihydroxynaphthalene i1s 1,5-dihydroxynaphthalene,
and

the compound obtained 1s a compound represented by the
general formula (4).

8. The method of producing a compound according to
claiam 4, wherein the halogenation agent 1s a bromination
agent or a chlorination agent.

9. The method of producing a compound according to
claim 8, wherein

the halogenation agent 1s a bromination agent,

the compound production method turther comprises a step
of adding a catalyst that promotes bromination of the
dihydroxynaphthalene, and

the step of adding the bromination agent 1s carried out
equal to or greater than twice.
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10. The method of producing a compound according to
claim 3, wherein the terminal acetylene compound 1s any one
of the followings: trimethylsilylacetylene; phenylacetylene;
and 1-decyne.

11. The method of producing a compound according to
claim 3, wherein the reaction of the dihalogeno-bis(trifluo-
romethanesulifonyl)naphthalene with the terminal acetylene
compound 1s carried out 1n a polar solvent that can dissolve
the dihalogeno-bis(trifluoromethanesulionyl )naphthalene.

12. The method of producing a compound according to
claim 11, wherein the polar solvent 1s an aprotic polar solvent.

13. The method of producing a compound according to
claim 12, wherein the aprotic polar solvent 1s dimethylforma-
mide.

14. A method of producing a compound represented by a
tollowing general formula (5), (6), (7) or (8),

|Chemical Formula 4]

(5)

(6)

(7)

X
(3)
X
Z
‘/\ N
S/ PN
X

(where Z represents a sulifur atom or a selemium atom and X
represents a halogen atom 1n the above general formulae)

the method comprising:
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a step of adding a halogenation agent to a compound rep-
resented by a following general formula (1), (2), (3) or

(4).

|Chemuical Formula 5

(1)

(2)

(3)

Z
R
(4)
R
Z
Z
R

(where Z represents a sulfur atom or a selenium atom, and R
represents a hydrogen atom in the above general formulae)

15. An organic semiconductor material containing at least
one of following compounds represented by a following gen-

eral formula (1), (2), (3) or (4).

|Chemuical Formula 6]

(1)
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-continued -continued

(2) R
V4 X
R R -
\ P \)7 V4
G
R

Z \ Z

R

(4)

)
s

(where Z represents a sulfur atom or a selenium atom, and R
represents a hydrogen atom, an alkyl group or a phenyl group
in the above general formulae)

R 16. An organic semiconductor device comprising the
organic semiconductor material according to claim 15.

~
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