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(57) ABSTRACT

The object is to provide a light-emitting transistor material
which is high in both luminescent property and mobility
when used as a light-emitting transistor device.

A light-emitting transistor device is provided in which light
emission of a specific pyrene-based organic compound is
used for a light-emitting layer of a transistor device.
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Fig.1(a)

Specific pyrene-based organic compounds <1(a)> expressed by chemical
formulas (1-1) to (1-3) and (2-1) to (2-3)
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Fig.1(b)
Specific pyrene-based organic compounds <1(b) > expressed by chemical
formulas (1-1) to (1-3) and (2-1) to (2-3)
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Fig.2(a)
Specific pyrene-based organic compounds <2(a)> expressed by chemical
formulas (1-1) to (1-3) and (2-1) to (2-3)
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Fig.2(b)

Specific pyrene-based organic compounds <2(b)> expressed by chemical
formulas (1-1) to {1-3) and (2-1) to (2-3)
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Fig.3(a)

Specific pyrene-based organic compounds <3(a)> expressed by chemical
formulas (1-1) to (1-3) and (2-1) to (2-3)
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Fig.3(b)

Specific pyrene-based organic compounds <3(b) > expressed by chemical
formulas (1-1) to (1-3) and (2-1) to (2-3)
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Fig.4

Specific pyrene-based organic compounds <4> expressed by chemical
formulas (1-1) to(1-3) and (2-1) to (2-3)

X i ~OCH,CH,CH,CH

(X—4)
O = O O = CH,CH,CH,CH,
CH,CH,CH,CH; ‘
CH,CH,CH,CH,
(Y—5) (Y—8)

\

9 o |00
O O N(CH3),
CH,

(Y—4)

\©\ CFs
Q. ) L \Q

. CF,CF,CF,CF;4 CFs

g C

CH,
(Y—6) (Y —10)

(y —11) (Y —12) (Y—-17) (Y —18)
F
F F F F ‘
F
(Y—19) | (Y —20) (Y —21) (Y —=22) (Y —24)
() ) P
¢ 4§ 9
CH,CH,CH,CH; OCH, N =
(Y —26) (y—=27) (y =37
4 ¢ /N
/ | N S CH,CH,CH,CH
\\:j S cH, \ 7 s \ s 2CHCHRCH,
(Y-41) (Y —42) (Y —44) (Y —45)

s i/ \ S s. /J\ s
s e CH,CH,CH,CH;

(Y —46) (Y —47)




Patent Application Publication Jul. 16, 2009 Sheet 8 of 33 US 2009/0179196 Al

Fig.5

Specific pyrene-based organic compounds <5> expressed by chemical
formulas (1-1) to (1-3) and (2-1) to (2-3)
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Fig.6(a)

Specific pyrene-based organic compounds <6(a) > expressed by chemical
formulas (1-1) to (1-3) and (2-1) to (2-3)
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Fig.6(b)

Specific pyrene-based organic compounds <6(b) > expressed by chemical
formulas (1-1) to (1-3) and {2-1) to (2-3)
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Fig.7(a)

Specific pyrene-based organic compounds <7(a) > expressed by chemical
formulas (1-1) to (1-3) and (2-1) to (2-3)
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Fig.7(b)

Specific pyrene-based organic compounds <7(b)> expressed by chemical
formulas (1-1) to {1-3) and (2-1) to (2-3)
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Fig.8
Specific pyrene-based organic compounds <8> expressed by chemical
formulas (1-1) to (1-3) and (2-1) to (2-3)
X : “CN
(X—8)
O 7 ‘ O P l O 7 O s
CHjy CH,CH,CH,CH; oH
3
(Y—4) (Y—-5) (Y—6)
D .
P CHQCHQCHQCH3 0
N CF,CF,CF,CF4
CH,CH,CH,CH,
(Y—8) (Y —16) (Y —17)
CF,4 F F i .
U o, | Y F
F F
CF, F F I F
v (Y —18) (Y—19) (Y —20) (Y —21) (Y — 22)
T meners
OCH, cnzcu,cu,gcn3
(Y —24) (Y —25) (Y —26)
O Ny SN[ NS B
0, |00 G| Y
= = =N |
OCH,4 N_~
(Yy=27) (Y —32) (Y —=33) { (Y—34) (v —-37)
7 Z
s 7\
\(j o1 \@ \Q Wcupu,cn,cns
o/ CHj S CH,
(Y-39) (Y —40) (Y-41) | (Y —42) (Y —45)
s. [ I\ S A NS CH,CH,CH,CH,
\ /s \ /T T\ AR
(Y —44) (Y —46) (Y —47)




Patent Application Publication Jul. 16, 2009 Sheet 14 of 33 US 2009/0179196 Al

Fig.9

Specific pyrene-based organic compounds <9> expressed by chemical
formulas (1-1) to (1-3) and (2-1) to (2-3)
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Fig.10
Specific pyrene-based organic compounds < 10> expressed by chemical
formulas (1-1) to (1-3) and (2-1) to (2-3)
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Fig.11
Specific pyrene-based organic compounds <11> expressed by chemical
formulas (1-1) to (1-3) and (2-1) to {2-3)
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Fig.12
Specific pyrene-based organic compounds < 12> expressed by chemical
formulas (1-1) to (1-3) and (2-1) to (2-3)
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Fig.13

Specific pyrene-based organic compounds <13> expressed by chemical
formulas (1-1) to(1-3) and {2-1) to (2-3)
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Fig.14
Specific pyrene-based organic compounds <14> expressed by chemical
formulas (1-1) to (1-3) and (2-1) to (2-3)
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Fig.15

Specific pyrene-based organic compounds <152 expressed by chemical
formulas (1-1) to (1-3) and (2-1) to (2-3)
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Fig.16
Specific pyrene-based organic compounds <16> expressed by chemical
formulas (1-1) to (1-3) and (2-1) to (2-3)
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Specific pyrene-based organic compounds <17> expressed by chemical
formulas (1-1) to(1-3) and (2-1) to (2-3)

X ‘ ‘ “CH,CH,CH,CH;
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ZCH

| X
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T, 0 g
Y cHchchcha OCH3
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S N/
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Fig.18
Specific pyrene-based organic compounds < 18> expressed by chemical
formulas (1-1) to (1-3) and (2-1) to (2-3)
X
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Fig.19

Specific pyrene-based organic compounds <19> expressed by chemical
formulas (1-1) to (1-3) and (2-1) to (2-3)
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Fig.20
Specific pyrene-based organic compounds <20, 21,22> expressed by
chemical formulas (1-1) to{1-3) and (2-1) to (2-3)
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Fig.21
Specific pyrene-based organic compounds <23,24,25> expressed by
chemical formulas (1-1) to (1-3) and (2-1) to (2-3)
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Fig.22(a)

Specific pyrene-based organic compounds <26(a) >

expressed by

US 2009/0179196 A1

chemical formulas(1-1) to(1-3)and (2-1) to (2-3) (if X=Y)
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Fig.22(b)

Specific pyrene-based organic compounds <Z26(b) > expressed by
chemical formulas(1-1) to(1-3) and (2-1) to (2-3) (if X=Y)
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Fig.22(c)

Specific pyrene-based organic compounds <26(c)> expressed by
chemical farmulas (1-1) to(1-3) and (2-1) to (2-3) (if X=Y)
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Fig.25
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PYRENE-BASED ORGANIC COMPOUND,
TRANSISTOR MATERIAL AND
LIGHT-EMITTING TRANSISTOR DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a transistor material
which can be used for light-emitting transistor devices, and
light-emitting transistor devices using such a material.

BACKGROUND ART

[0002] A light-emitting transistor device is a composite
device comprising an organic transistor having a light-emit-
ting function. A device comprising a light-emitting transistor
device is made up of a smaller number of parts and thus is
more compact in size than conventional devices including a
transistor portion and a light-emitting portion that are sepa-
rate from each other. Because a light-emitting transistor
device is considered to be higher in light-emitting efficiency,
100, it is gathering attention these days.

[0003] As materials usable for light-emitting transistors,
non-patent document 1 discloses tetracene, and non-patent
document discloses oligothiofuran and polyphenylene
vinylene.

[0004] Non-patent document 1: Appl. Phys. Lett., 2005, 86,
141106.

[0005] Non-patent document 2: Science, 2000, 290, 963.

DISCLOSURE OF THE INVENTION
Object of the Invention

[0006] But because these materials are low in luminescent
properties and charge carrier mobility, further improvements
are required.

[0007] An object of the present invention is to provide a
light-emitting transistor material which is high in both lumi-
nescent property and mobility when used as a light-emitting
transistor device.

Means to Achieve the Object

[0008] As aresult of earnest research, the present inventors
discovered that by using, as a transistor material, a compound
comprising a pyrene ring as a basic structure, and specific
substituents located at specific positions, it is possible to
obtain a light-emitting transistor device having extremely
high luminescent properties and carrier mobility and thus
arrived at the present invention.

[0009] In particular, the present invention is directed to a
transistor material comprising a compound expressed by one
of the below formulas (1) and (2), and a light-emitting tran-
sistor containing such a transistor material. The present
invention is also directed to novel pyrene-based organic com-
pounds expressed by the below formulas (3), (4) and (5),
which are useful as transistor materials.

[Chemical formula 12]

by
-
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-continued
[Chemical formula 13]

@

(In the formulas (1) and (2), each of X and Y is a substituent
independent of the other and selected from an aromatic
hydrocarbon group which may have a substituent, an aro-
matic heterocyclic group which may have a substituent, an
alkyl group which may have a substituent, a cycloalkyl group
which may have a substituent, an alkenyl group which may
have a substituent, and an alkynyl group which may have a
substituent. The substituents which X and Y may have are
groups selected from alkyl groups having a carbon number of
1-20, alkoxy groups having a carbon number of 1-20, amino
groups, boryl groups, silyl groups, cyano groups, aromatic
hydrocarbon groups having a carbon number of 6-36, aro-
matic heterocyclic groups having a carbon number of 4-36
and halogen atoms. The compound expressed by either of the
formulas (1) and (2) includes one pyrene ring in each mol-
ecule.)

[Chemical formula 14]

3

\_CH=CH,—Ar'—R!
/ Q X
RZ—ArZ—CHz=CH/__

(In the formula (3), Ar' and Ar? represent, independently of
each other, aromatic hydrocarbon groups other than a pyrene
ring or aromatic heterocyclic groups. R' and R? represent,
independently of each other, halogen atoms, alkyl groups
which may have a substituent having a carbon number of 2-20
or alkoxyl groups having a carbon number of 1-20. Each of
Ar" and Ar® has one or more of R or R*. The abovementioned
substituent is a group selected from aromatic hydrocarbon
groups having a carbon number of 6-36, aromatic heterocy-
clic groups having a carbon number of 4-36, and halogen
atoms.)

[Chemical formula 5]

@)

AP—R?

(In the formula (4), Ar* and Ar® represent, independently of
each other, aromatic hydrocarbon groups other than a pyrene
ring or aromatic heterocyclic groups. R' and R? represent,
independently of each other, halogen atoms, alkyl groups
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which may have a substituent having a carbon number of 2-20
or alkoxyl groups having a carbon number of 1-20. Each of
Ar' and Ar® has one or more of R or R%. The abovementioned
substituent is a group selected from aromatic hydrocarbon
groups having a carbon number of 6-36, aromatic heterocy-
clic groups having a carbon number of 4-36, and halogen
atoms.)

[Chemical formula 16]

(In the formula (5), Ar* and Ar? represent, independently of
each other, aromatic hydrocarbon groups other than a pyrene
ring or aromatic heterocyclic groups. R* and R? represent,
independently of each other, halogen atoms, alkyl groups
which may have a substituent having a carbon number of 2-20
or alkoxyl groups having a carbon number of 1-20. Each of
Ar' and Ar* has one or more of R or R%. The abovementioned
substituent is a group selected from aromatic hydrocarbon
groups having a carbon number of 6-36, aromatic heterocy-
clic groups having a carbon number of 4-36, and halogen
atoms.)

ADVANTAGES OF THE INVENTION

[0010] Sincethe transistor material according to the present
invention has high carrier mobility, it is extremely effective as
a transistor material. By using the transistor material accord-
ing to this invention, the crystallinity increases, so that it is
possible to improve both the luminescent properties and car-
rier mobility of the light-emitting transistor device obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1(a) is a chemical formula showing examples
of X and'Y of pyrene-based organic compounds.

[0012] FIG. 1(d) is a chemical formula showing examples
of X and'Y of pyrene-based organic compounds.

[0013] FIG. 2(a) is a chemical formula showing examples
of X and'Y of pyrene-based organic compounds.

[0014] FIG. 2(b) is a chemical formula showing examples
of X andY of pyrene-based organic compounds.

[0015] FIG. 3(a) is a chemical formula showing examples
of X and'Y of pyrene-based organic compounds.

[0016] FIG. 3(d) is a chemical formula showing examples
of X and'Y of pyrene-based organic compounds.

[0017] FIG.4isachemical formula showing examples of X
and'Y of pyrene-based organic compounds.

[0018] FIG.5isachemical formula showing examples of X
and Y of pyrene-based organic compounds.

[0019] FIG. 6(a) is a chemical formula showing examples
of X and'Y of pyrene-based organic compounds.

[0020] FIG. 6(d) is a chemical formula showing examples
of X and'Y of pyrene-based organic compounds.

[0021] FIG. 7(a) is a chemical formula showing examples
of X and'Y of pyrene-based organic compounds.
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[0022] FIG. 7(b) is a chemical formula showing examples
of X and 'Y of pyrene-based organic compounds.

[0023] FIG. 8isachemical formula showing examples of X
and Y of pyrene-based organic compounds.

[0024] FIG.9isachemical formula showing examples of X
and Y of pyrene-based organic compounds.

[0025] FIG. 10 is a chemical formula showing examples of
X andY of pyrene-based organic compounds.

[0026] FIG. 11 is a chemical formula showing examples of
X andY of pyrene-based organic compounds.

[0027] FIG. 12 is a chemical formula showing examples of
X andY of pyrene-based organic compounds.

[0028] FIG. 13 is a chemical formula showing examples of
X andY of pyrene-based organic compounds.

[0029] FIG. 14 is a chemical formula showing examples of
X andY of pyrene-based organic compounds.

[0030] FIG. 15 is a chemical formula showing examples of
X andY of pyrene-based organic compounds.

[0031] FIG. 16 is a chemical formula showing examples of
X andY of pyrene-based organic compounds.

[0032] FIG. 17 is a chemical formula showing examples of
X andY of pyrene-based organic compounds.

[0033] FIG. 18 is a chemical formula showing examples of
X andY of pyrene-based organic compounds.

[0034] FIG. 19 is a chemical formula showing examples of
X andY of pyrene-based organic compounds.

[0035] FIG. 20 is a chemical formula showing examples of
X andY of pyrene-based organic compounds.

[0036] FIG. 21 is a chemical formula showing examples of
X andY of pyrene-based organic compounds.

[0037] FIG. 22(a) is a chemical formula showing examples
of X and'Y of pyrene-based organic compounds.

[0038] FIG. 22(b) is a chemical formula showing examples
of X and 'Y of pyrene-based organic compounds.

[0039] FIG. 22(c) is a chemical formula showing examples
of X and 'Y of pyrene-based organic compounds.

[0040] FIG. 23 is a sectional view of a light-emitting tran-
sistor device according to this invention.

[0041] FIG. 24 is a plan view showing the structures of a
source electrode and a drain electrode.

[0042] FIGS. 25(a) to 25(c) are schematic views showing
the light-emitting mechanism of a light-emitting transistor
device.

[0043] FIG. 26 is a electric circuit diagram of a display
device using the light-emitting transistor device according to
this invention.

[0044] FIG. 27 show chemical formulas of organic fluores-
cent substances having different wavelengths.

[0045] 1. Light-emitting layer

[0046] 2. Source electrode

[0047] 2a. Comb tooth-shaped region
[0048] 3. Drain electrode

[0049] 3a. Comb tooth-shaped region
[0050] 4. Gate electrode

[0051] 5. Insulating film

[0052] 10. Light-emitting transistor device
[0053] 11. Channel of holes

[0054] 12. Pinch-off point

[0055] 20. Substrate

[0056] 21. Display device

[0057] 22. Scanning line driving circuit
[0058] 23. Data line driving circuit

[0059] 24. Controller
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[0060] S. Source electrode
[0061] D. Drain electrode
[0062] G. Gate electrode
[0063] C. Capacitor
[0064] Ts. Selecting transistor
[0065] P11, P12. Pixel
[0066] L.S1, LS2. Scanning line
BEST MODE FOR EMBODYING THE
INVENTION
[0067] The present invention is now described in detail.
[0068] The present invention is directed to a transistor

material comprising a 2-substituted derivative of which sub-
stituted positions are specified. This 2-substituted derivative
has high carrier mobility, and can be used as a transistor
material used in a device using an organic semiconductor
such as an organic field-effect transistor. Because the com-
pound used in the present invention has luminescent proper-
ties, it can be used as a light-emitting transistor device.

[0069] Specifically, this 2-substituted derivative comprises
a compound expressed by the below formula (1) or (2)

)

[Chemical formula 17)]

[0070] In the formulas (1) and (2), each of X and Y is a
substituent independent of the other and selected from an
aromatic hydrocarbon group which may have a substituent,
an aromatic heterocyclic group which may have a substituent,
an alkyl group which may have a substituent, a cycloalkyl
group which may have a substituent, an alkenyl group which
may have a substituent, and an alkynyl group which may have
a substituent. The substituents which X and Y may have are
groups selected from alkyl groups having a carbon number of
1-20, alkoxy groups having a carbon number of 1-20, amino
groups, boryl groups, silyl groups, cyano groups, aromatic
hydrocarbon groups having a carbon number of 6-36, aro-
matic heterocyclic groups having a carbon number of 4-36
and halogen atoms. The compound expressed by either of the
formulas (1) and (2) includes one pyrene ring in each mol-
ecule.

[0071] Since the transistor material comprising the com-
pound expressed by the formula (1) or (2) contains fewer
substituents, and the substituents are located at specific posi-
tions, the pyrene ring, which is the basic structure of the
compound, is less likely to three-dimensionally interfere with
the introduced substituents, and also, the compounds
expressed by the formulas (1) and (2) are less likely to three-
dimensionally interfere with each other. It is thus presumed
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that its crystal structure becomes dense, thereby improving
the energy transfer efficiency between molecules, which in
turn improves the mobility and the light-emitting efficiency
of the light-emitting transistor device. Thus, the light-emit-
ting transistor material according to the present invention can
be used as a main component of a light-emitting layer of a
light-emitting transistor device. These compounds should
include only one pyrene ring in each molecule. This is
because if they include a pyrene ring as a substituent, the
conjugate tends to be too long to achieve visible light emis-
sion.

[0072] Description is now made of compounds expressed
by the formulas (1) and (2).

X and Y)

[0073] X andY are substituents independent of each other
and selected from an aromatic hydrocarbon group which may
have a substituent, an aromatic heterocyclic group which may
have a substituent, an alkyl group which may have a substitu-
ent, a cycloalkyl group which may have a substituent, an
alkenyl group which may have a substituent, and an alkynyl
group which may have a substituent.

[0074] The aromatic hydrocarbon group is preferably one
other than a pyrene ring, such as a phenyl group, biphenyl
group, terphenyl group, naphthyl group (preferably 2-naph-
thyl group), anthryl group (preferably, 2-anthryl group),
phenanthryl group, fluorenyl group, or phenyl-etheno-phenyl
group. They may have a substituent. Among them, an aro-
matic hydrocarbon group having a carbon number of not
more than 14 is especially preferable. This is because too
large a carbon number is not preferable for greater freedom of
molecules.

[0075] The aromatic heterocyclic group may be a pyridyl
group, pyradyl group, bipyridyl group, phenylpyridyl group,
pyridino-phenyl group, furyl group, thienyl group, bithienyl
group, terthienyl group, pyrolidyl group, imidazole group,
benzoimidazole group, oxazole group, indole group, benzox-
azole group, thiazole group, benzothiazole group, benzothia-
zolyl group, benzofuryl group, benzoxazolyl group, pyrrolyl
group, pyridazyl group, pyrazinyl group, pyrimidyl group,
thienyl group, bithienyl group, phenylthienyl group, ben-
zothienyl group or quinolyl group. They may have a substitu-
ent. Among them, an aromatic heterocyclic group having a
carbon number of not more than 12 is especially preferable
because too large a carbon number is not preferable for
greater freedom of molecules.

[0076] The alkyl group may be a straight-chain or branched
alkyl group having a carbon number of 1 to 20, such as a
methyl group, ethyl group, n-propyl group, 2-propyl group,
n-butyl group, isobutyl group, tert-butyl group, hexyl group,
octyl group, dodecyl group or octadecyl group. They may
have a substituent.

[0077] The cycloalkyl group may be a cyclohexyl group or
a cycloheptyl group. They may have a substituent.

[0078] The alkenyl group may be a vinyl group, phenyl-
substituted vinyl group, trimethylsilyl-substituted ethynyl
groups or propargyl group. They may have a substituent.
[0079] Thealkynyl group may be an ethynyl group, phenyl-
substituted ethynyl group, ethyl-substituted vinyl group, allyl
group, or 1-butenyl group. They may have a substituent.
[0080] The substituents which X and Y may have may be
groups selected from alkyl groups having a carbon number of
1-20, alkoxy groups having a carbon number of 1-20, amino
groups, boryl groups, silyl groups, cyano groups, aromatic
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hydrocarbon groups having a carbon number of 6-36, prefer-
ably 6-14, aromatic heterocyclic groups having a carbon
number of 4-36, preferably 4-12, and halogen atoms. The
same groups as mentioned above for X andY can be listed as
specific ones of these substituents.

[0081] X andY may be different from each other or may be
identical to each other, but preferably, X andY are identical to
each other for controllability of the molecular sequence and
improved mobility.

[0082] X is preferably bonded to the pyrene ring at one of
positions 1 to 3, andY is preferably bonded to the pyrene ring
at one of positions 6 to 8. Specifically, the compounds shown
by the below formulas (1-1), (1-2), (1-3), (2-1), (2-2) and
(2-3) are preferable. Because these compounds are high in
symmetric properties, when used as transistor materials, high
mobility can be expected. X and Y in the compounds shown
by the formulas (1-1), (1-2), (1-3), (2-1), (2-2) and (2-3) are
those as described above. Any of the compounds shown by
the formulas (1-1), (1-2), (1-3), (2-1), (2-2) and (2-3) have
only one pyrene ring in each molecule.

[Chemical formula 19]

(I-1)

[Chemical formula 20]

(1-2)

(1-3)

@h
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-continued
[Chemical formula 23]
22
X
Y
[Chemical formula 24]
(23)

Jratera

[0083] FIGS. 1 to 22 show the specific examples <1> to
<26>of X and Y. In FIGS. 1 to 22, only X and Y are shown.
Specific examples <1> to <25> show examples Y in combi-
nation with specific examples of X (i.e. (X-1) to (X-25). In
specific examples <1> to <25>, X is not identical to'Y. That is,
these examples show asymmetrical pyrene-based organic
compounds. Compounds wherein X is identical to Y, i.e.
symmetrical pyrene-based organic compounds are shown as
specific examples <26>. The groups represented by X and’Y
in each compound are denoted by different numerals even if
they are identical to each other. To any of FIGS. 1-22 and
specific examples <1> to <26> that extends more than one
page, symbols (a), (b) and (c) are affixed to the main number
for the respective pages.

[0084] Each of the compounds expressed by the formulas
(1) and (2) should preferably have a molecular weight of not
less than 500, more preferably not less than 800, and not more
than 5000, more preferably not more than 3000. By determin-
ing the molecular weight within this range, it is possible to
impart stability to the compounds.

[0085] Each of X and, including its substituents, should
preferably has a molecular weight of not more than 5000,
more preferably not more than 3000, further preferably not
more than 1000, and especially preferably not more than 200.
By determining the molecular weight within this range, it is
possible to impart stability to the compounds.

[0086] The compounds shown by the formulas (1) and (2)
can be used as transistor materials. A transistor material made
of any of the compounds represented by the formulas (1) and
(2) has a high carrier mobility and high light-emitting prop-
erties, so that this material can be used especially as a light-
emitting transistor material.

[0087] Among compounds represented by the formulas (1)
and (2), compounds represented by the below formulas (3) to
(5) are novel compounds that is useful as transistor materials,
particularly light-emitting transistor materials. Because these
compounds can also be used as light-emitting pigments too,
they can be used not only as transistor materials but as organic
EL pigments, dye lasers, photoelectric conversion materials,
and medical diagnostic reagents.
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[Chemical formula 25]
©)

\ CH=CH,—Ar'—R!
/ Q >
RZ—ArZ—CH2=CH/——
]

[Chemical formula 26

[Chemical formula 27]

[0088] In the formulas (3), (4) and (5), Ar* and Ar” repre-
sent, independently of each other, aromatic hydrocarbon
groups other than a pyrene ring or aromatic heterocyclic
groups. R' and R? represent, independently of each other,
halogen atoms, alkyl groups which may have a substituent
having a carbon number of 2-20 or alkoxyl groups having a
carbon number of 1-20. Each of Ar' and Ar* has one or more
of R' or R? The abovementioned substituent is a group
selected from aromatic hydrocarbon groups having a carbon
number of 6-36, aromatic heterocyclic groups having a car-
bon number of 4-36, and halogen atoms.

(How to Synthesize (3))

[0089] Description is now made of how to synthesize the
compound represented by the formula (3).

[Chemical formula 28]
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-continued

/ \_J X
X_

—  Formula (3)
OHC — <|>
<]-3>
[Chemical formula 29]
OR OR
P—0 +
R—Ar
<2-1>
Y} ACHO
/ \ / \ — >  Formula (3)
ofe N — <>
<1-3>
[0090] Ordinarily, the compound represented by the for-

mula (3) can be produced according to the above reaction
formula <1>.

[0091] First, the compound represented by the formula
<1-2> can be produced using pyrene (formula <1-1>) by the
method described in Bull. Chem. Soc. Ipn., 67, 172- (1994),
J. Chem. Soc., Perkin Trans 1., 1622-(1972). That is, <1-2> is
obtained from <1-1> by reaction in an organic solvent such as
dimethylformamide, using bromine, N-bromosuccinimide
(NBS), N-iodosuccinimide, iodine, sodium iodate.

[0092] The compound represented by the formula <1-3>
can be synthesized using the compound represented by the
formula <1-2> with the method described in European patent
publication EP0964045. That is, <1-3> is obtained from
<1-2> by reacting n-BuLi in THF (tetrahydrofuran) or ether at
-78° C. to 0° C. for 30 minutes to 5 hours, then adding
dimethylformamide, and hydrolyzing with acid.

[0093] Ordinarily, the compound represented by the for-
mula (3) can be synthesized from the compound represented
by the formula <1-3> using the Horner-Wadsworth-Emmons
method. That is, as shown by the reaction formula <2>, it is
obtainable by reacting a corresponding phosphate (formula
<2-1>) with the compound represented by the formula <1-3>
in an organic solvent in the presence of a base. The base is
preferably sodium hydride, t-butoxy potassium or sodium
methoxide. The organic solvent is preferably dimethylforma-
mide, THF, toluene or benzene. The reaction temperature is
preferably 0° C. to 110° C., though it varies with the organic
solvent used. Further, crown ether may be used as an additive.

(How to Synthesize (4) and (5))

[0094] Description is now made of how to synthesize the
compounds represented by the formulas (4) and (5).

[0095] First, an ordinary method for synthesizing the com-
pound represented by the formula (1-3-1) is described.
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[Chemical formula 30]

(1-3-)

[0096] The compound represented by the formula (1-3-1)
(2,7-dibromopyrene) can be synthesized by methods
described in publications. That is, it can be synthesized by
obtaining corresponding metacyclophane dione, by coupling
1,3-(bromomethyl)benzene, p-toluene sulfonylmethyl and
isocyanide (Publication: Tetrahedron Letters, 1982, 23, 5335-
5338), decarbonylating it, thereby converting it to metacyclo-
phane (Publication: Euro. J. Org. Chem. 2001, 2487-2499),
and acting bromine thereon (Publication: Chem. Ber. 1984,
117,260-276; Synth. Commun. 1988, 18, 2207-2209; J. Org.
Chem. 1986, 51, 2847-2848). Specifically, it can be produced
by the method represented by the following reaction formula
<1-4>.

[Chemical formula 31]
(0]

Br '
B

T

O
Q'Q
Br ng Br o
Br Q Q Br

<1-4>

[0097] An ordinary method for synthesizing the compound
represented by the formula (4) is now described.
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[0098] The compound represented by the formula (4) can
be produced from the compound represented by the formula
<1-3-1> as a starting material according to the formula <2-3>.
[0099] That is, this compound is obtained by reacting the
compound represented by the formula <2-2> and the com-
pound represented by the formula (1-3-1) using a palladium
catalyst (such as Pd(PPh,), or PdC1,(PPh,),), an Ni catalyst
and a base (such as K,CO;, Na,CO; or Et;N) in an organic
solvent such as toluene, dioxane or THF in the presence of an
inert gas (such as N, or Ar) at a temperature between room
temperature and the boiling point of the solvent.

[Chemical formula 32]

R!—Arz
[+R?—Ar—X] +
<2-2>

Br —_—

Br Qg

(1-3-1)

<2-3>
OR
z- —% —SnR; —MgBr —7ZnX —SiRy
OR
[0100] Alternatively, this compound can be produced

according to the formula <2-4>.

[0101] That is, it is obtained by reacting the compound
represented by the formula (1-3-2), which can be synthesized
by the method described in Publication Chem. Commun.,
2005, 2172-2174, and the compound represented by the for-
mula <2-2> using a palladium catalyst (such as Pd(PPh,), or
PdC1,(PPh,),), an Ni catalyst and a base (such as K,CO;,
Na,CO; or Et;N) in an organic solvent such as toluene, diox-
ane or THF in the presence of an inert gas (such as N, or Ar)
at a temperature between room temperature and the boiling
point of the solvent.

[Chemical formula 33]

Rl—Ar—X
[+R2—Ar—X]  *
<2-2>
R3ZB QQQ BR32

(1-3-2)
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-continued

Ar?—R?

X=Cl,Br, I

[0102] Ar in the reaction formulas <2-3> and <2-4> is
identical to Ar' or Ar® shown in the formula (4). Also, R' and
R? are identical to Ar’ or Ar* shown in the formula (4).
[0103] An ordinary method for synthesizing the compound
represented by the formula (5) is now described.

[0104] Ordinarily, the compound represented by the for-
mula (5) can be produced according to the below formula
<2-6>.

[0105] That is, this compound is obtained by reacting the
compound represented by the formula (1-3-1) and the com-
pound represented by the formula <2-5> using a palladium
catalyst (such as Pd(PPh,), or PdC1,(PPh,),), and copper
iodide in a solvent such as diisopropylamine, diethylamine or
pyridine in the presence of an inert gas (such as N, or Ar) ata
temperature between room temperature and the boiling point
of the solvent.

[Chemical formula 34]
RI—Ar X f

<2-5>

X =H, Metal

[0106] Description is now made of a light-emitting transis-
tor device using the above-mentioned pyrene-based com-
pound.

[0107] Thelight-emitting transistor device may be one hav-
ing a basic structure of a field effect transistor (FET) as shown
in FIG. 23.

[0108] This light-emitting transistor device 10 comprises a
light-emitting layer 1 which is capable of transporting holes
and electrons as carriers, which emits light by recombination
of the holes and the electrons, and which contains the above-
mentioned pyrene-based compound as a main component; a
hole injecting electrode for injecting holes into this light-
emitting layer 1, i.e., what is called a source electrode 2; an
electron injecting electrode for injecting electrons into the
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light-emitting layer, i.e., what is called a drain electrode 3;
and a gate electrode 4 which is provided opposite to the
source electrode 2 and the drain electrode 3 and is made of an
N™* silicon substrate to control the distribution of the carriers
in the light-emitting layer 1. The gate electrode 4 may be
made of an electroconductive layer comprising an impurity
diffusion layer formed on the surface of the silicon substrate.
[0109] Specifically, as shown in FIG. 23, an insulating film
5 made of silicon oxide or the like is formed on the gate
electrode 4, and the source electrode and the drain electrode 3
are formed thereon at an interval. The light-emitting layer 1 is
formed to cover the source electrode 2 and the drain electrode
3 and to be disposed between the two electrodes.

[0110] In order to improve the carrier mobility, the silicon
substrate may be treated after forming the insulating film 5 or
after forming the source electrode 2 and the drain electrode 3.
There are two types of such treatments, i.e. surface treatment
and control of the substrate temperature.

[0111] The surface treatment is a method in which after
forming the insulating film 5 or after forming the source
electrode 2 and the drain electrode 3, the surface is treated
with UV ozone and a surface treating agent is applied thereto.
As the surface treating agent, a known surface treating agent
may used, such as HMDS (hexamethyldisilazane) or OTS
(octyltrichlorosilane). After applying the surface treating
agent, its residue is removed, and a compound used for the
light-emitting layer is deposited under vacuum.

[0112] The temperature control of the silicon substrate is a
method in which a compound used for the light-emitting layer
is deposited under vacuum on the substrate after forming the
insulating film 5 or after forming the source electrode 2 and
the drain electrode 3 at a constant temperature by applying
heat under vacuum. The substrate is preferably kept at a
temperature within the range of 40 to 80° C. Both the surface
treatment and the temperature control may be carried out.
[0113] In order for the above-mentioned device to exhibit
the function of the light-emitting transistor, it is preferred that
the difference between the HOMO energy level and the
LUMO energy level of the organic fluorescent substance
which constitutes the light-emitting layer 1, in particular, the
pyrene-based compound as the main component thereof, the
carrier mobility thereof, the on/off ratio, or the luminous
efficiency thereof satisfies a predetermined range.

[0114] The light-emitting layer 1 may be made of one or
more than one of the pyrene-based compounds according to
the present invention. By adding a sub-component having a
different wavelength, such as an organic fluorescent sub-
stance, it is possible to improve the respective functions. If an
organic fluorescent substance having a different wavelength
is combined, it may be doped in the amount of not less than
0.1%, preferably not less than 0.5%, and not more than 20%,
preferably not more than 10% of the pyrene-based compound
as the main component (or of the total content of a plurality of
kinds of the pyrene-based compounds according to the
present invention). The organic fluorescent substance having
a different wavelength may be one of the compounds shown
in FIG. 27 but is not limited thereto.

[0115] First, the difference between the HOMO energy
level and the LUMO energy level is preferably as small as
possible so that the electrons can move more easily, and thus
the light emission and the semiconductivity (that is, the con-
ductivity of electrons or holes in one direction) can be gen-
erated more easily. Specifically, the difference is preferably 5
eV orless, more preferably 3 eV orless, even more preferably



US 2009/0179196 Al

2.7 eV or less. Because the smaller this difference, the better
the results, the lower limit of this difference is 0 eV.

[0116] Thecarrier mobility is preferably as high as possible
for improved semi-conductivity. Specifically, the carrier
mobility is preferably 1.0x10~> cm?/V-s or more, more pref-
erably 4.0x107> cm?/V's or more, even more preferably 1.0x
10~* cm?/V's or more. The upper limit of the carrier mobility
is not particularly limited, and it is sufficient if the upper limit
is about 1 cm?/V-S.

[0117] The on/off ratio is a ratio of the maximum Id (Ion)
when the gate voltage is [-100 V] to the minimum Id (Ioff)
when the gate voltage is [0 V], which gives the off position,
with the drain voltage at [-100 V]. It is possible to determine
that the higher this ratio, the higher the semiconductivity. This
ratio is preferably not less than 10%, more preferably not less
than 10°.

[0118] The above-mentioned luminous efficiency means
the ratio of light generated by the injection of photons or
electrons. The ratio of emitted optical energy to injected
optical energy is defined as the PL. luminous efficiency (or PL
quantum efficiency), and the ratio of the number of emitted
photons to the number of injected electrons is defined as the
EL luminous efficiency (or the EL quantum efficiency).
[0119] Injected and excited electrons emit light by recom-
bining with holes. This recombination does not necessarily
occur with a probability of 100%. Therefore, when organic
compounds which each constitute the light-emitting layer 1
are compared with each other, the EL. luminous efficiencies
are compared, thereby making it possible to compare the
ratios of the emitted optical energy amount to injected optical
energy, and compare synergetic effects about the ratio of the
recombination of electrons and holes. Incidentally, by com-
paring the PL luminous efficiencies, the ratios of the emitted
optical energy amount to injected optical energy can be com-
pared. Thus, by comparing both the PL luminous efficiencies
and the EL luminous efficiencies and combining the results, it
is possible to compare the ratios of the recombination of
electrons and holes.

[0120] For the PL luminous efficiency, the degree of light
emission is preferably as high as possible. The PL luminous
efficiency is preferably 20% or more, more preferably 30% or
more. The upper limit of the PL, luminous efficiency is 100%.
The lower limit of the PL luminous efficiency is preferably
3% and more preferably 5%.

[0121] For the EL luminous efficiency, the degree of light
emission is preferably as high as possible. The EL luminous
efficiency is preferably 1x107% or more, more preferably
5x107% or more. The upper limit of the EL luminous effi-
ciency is 100%.

[0122] The light-emitting transistor device 10 is character-
ized by the wavelength of emitted light besides the above.
This wavelength is in a visible ray range. The device has a
wavelength varied in accordance with the kind of the organic
fluorescent substance used, in particular, the pyrene-based
compound. When organic fluorescent substances having dif-
ferent wavelengths are combined with each other, various
colors can be produced. For this reason, about the wavelength
of emitted light, the wavelength itself exhibits a characteris-
tic.

[0123] The light-emitting transistor device 10 is character-
ized by light emission. Thus, the device preferably has a
luminous brightness to a certain extent. This luminous bright-
ness is defined as the light emission amount corresponding to
the brightness of an object felt by a person when the person
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watches the object. This luminous brightness is preferably as
high as possible when measured by a photo-counter. The
luminous brightness is preferably 1x10* CPS (count per sec)
or more, more preferably 1x10° CPS or more, even more
preferably 1x10° CPS or more.

[0124] The light-emitting layer 1 is formed by depositing
an organic fluorescent substance or the like that constitute the
light-emitting layer 1 (or co-depositing a plurality of such
substances). It is sufficient if the film thickness of this light-
emitting layer is at least about 70 nm.

[0125] The source electrode 2 and the drain electrode 3 are
electrodes for injecting holes and electrons into the light-
emitting layer 1, and are made of gold (Au), magnesium-gold
alloy (MgAu), or the like. The electrodes are formed so as to
face each other at a very small interval of, for example, 0.4 to
50 um. Specifically, for example, as shown in FIG. 24, the
source electrode 2 and the drain electrode 3 are formed to
have comb tooth shaped regions 2a and 3a, respectively,
which are each made of a plurality of comb teeth. The comb
teeth which constitute the comb tooth shaped region 2a of the
source electrode 2 and the comb teeth which constitute the
comb tooth shaped region 3a of the drain electrode 3 are
alternately arranged at predetermined intervals, whereby the
light-emitting transistor device 10 can exhibit the function
thereof more effectively.

[0126] At this time, the interval between the source elec-
trode 2 and the drain electrode 3, that is, the interval between
the comb tooth shaped region 2a and the comb tooth shaped
region 3a is preferably 50 pm or less, more preferably 3 wum or
less, even more preferably 1 um or less. If the interval is more
than 50 um, sufficient semiconductivity cannot be exhibited.
[0127] By applying a voltage to the source electrode 2 and
the drain electrode 3 in the light-emitting transistor device 10,
holes and electrons are shifted inside the device and they are
recombined in the light-emitting layer 1, whereby light can be
emitted. At this time, the amounts of the holes and the elec-
trons shifted between the two electrodes across the light-
emitting layer 1 depend on the voltage applied to the gate
electrode 4. Accordingly, by controlling the voltage applied to
the gate electrode 4 and its change, it is possible to control the
state of electric conduction between the source electrode 2
and the drain electrode 3. Because this light-emitting transis-
tor device 10 undergoes P-type driving, a negative voltage for
the source electrode 2 is applied to the drain electrode 3 and
a negative voltage for the source electrode 2 is applied to the
gate electrode 4.

[0128] Specifically, by applying a negative voltage for the
source electrode 2 to the gate electrode 4, holes in the light-
emitting layer 1 are attracted toward the gate electrode 4, so
that the density of holes in the vicinity of the surface of the
insulating film 5 increases. By suitably adjusting the voltage
between the source electrode 2 and the drain electrode 3,
holes are injected from the source electrode 2 into the light-
emitting layer 1 according to the intensity of the controlled
voltage applied to the gate electrode 4, so that electrons are
injected from the drain electrode 3 into the light-emitting
layer 1. In other words, the source electrode 2 functions as a
hole injecting electrode, and the drain electrode 3 functions as
an electron injecting electrode. In this way, in the light-emit-
ting layer 1, the holes and the electrons are recombined, and
light is emitted following this recombination. This light emis-
sion state can be turned on or off or the luminous intensity can
be varied by changing the controlled voltage applied to the
gate electrode 4.



US 2009/0179196 Al

[0129] The theory of such recombination of holes and elec-
trons can be described as follows:

[0130] When anegative voltage for the source electrode 2 is
applied to the gate electrode 4, in the light-emitting layer 1, as
illustrated in FI1G. 25(a), channel 11 of holes are formed near
the interface of the insulating film 2 so that a pinch-off point
12 thereof forms in the vicinity of the drain electrode 3. A high
electric field is then formed between the pinch-off point 12
and the drain electrode 3, so that as shown in FIG. 25(5), the
energy band is significantly bent. This produces an FN
(Fowler-Nordheim) tunnel effect in which electrons in the
drain electrode 3 penetrate through the potential barrier
between the drain electrode 3 and the light-emitting layer 1,
so that the electrons are injected into the light-emitting layer
1 and recombined with the holes.

[0131] The recombination of holes and electrons can also
be described on the basis of the following theory besides the
FN tunnel effect. As shown in FIG. 25(c), electrons at the
HOMO energy level of the organic fluorescent substance in
the light-emitting layer 1 are excited to the LUMO level
thereof by a high electric field. The excited electrons are
recombined with holes in the light-emitting layer 1. At the
same time, electrons are injected from the drain electrode 3 to
the HOMO energy level, which is now empty due to the
excitation to the LUMO energy level, so that the empty level
is filled.

[0132] A plurality of such light-emitting transistor devices
10 are two-dimensionally arranged on a substrate 20 to form
adisplay device 21. FIG. 26 shows an electric circuit diagram
of this display device 21. Specifically, in this display device
21, light-emitting transistor devices 10 as described above are
each arranged in one of pixels P11, P12, ..., P21,P22 .. |
..., which are arranged in a matrix form. The light-emitting
transistor devices 10 in these pixels are selectively caused to
emit light and further the luminous intensity (brightness) of
the light-emitting transistor device 10 in each of the pixels is
controlled, whereby two-dimensional display can be attained.
The substrate 20 may be, for example, a silicon substrate
integrated with the gate electrode 4. In other words, the gate
electrode 4 may be made of an electroconductive layer which
is an impurity diffusion layer wherein a pattern is formed in a
surface of a silicon substrate. As the substrate 20, a glass
substrate may be used.

[0133] Since each of the light-emitting transistor devices
10 undergoes P-type driving, a bias voltage V ;(<0) is given to
its drain electrode 3(D) with the source electrode 2(S) kept at
the ground voltage (—O). To its gate electrode 4(G), a select-
ing transistor Ts for selecting a pixel and a capacitor C for
storing data are connected in parallel.

[0134] Theselecting transistors T's in each row of the pixels
P11,P12,...,...,P21,P22, ..., have their gates connected
to a common one of the scanning line L.S1,.S2,...,.... The
selecting transistors T's in each column of'the pixels P11, P21,
ee.,...,P12,P22, ..., ... areconnected to a common one
of the data lines LD1, LD2 . . . on their side opposite to the
respective light-emitting transistor devices 10.

[0135] From ascanning line driving circuit 22 controlled by
a controller 24, scanning driving signals for selecting the
pixels P11, P12, ... ... P21,P22, ..., .. .in the respective
rows circularly and successively (selecting the plurality of
pixels in each row at a time) are given to the scanning lines
LS1,LS2,...,....Inother words, the scanning line driving
circuit 22 makes it possible to specify each of the rows suc-
cessively as a selected row and make the selecting transistors
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Ts of the plurality of pixels in the selected row electrically
conductive at a time, thereby generating a scanning driving
signal for cutting off the selecting transistors Ts of the plu-
rality of pixels in the non-selected rows at a time.

[0136] On the other hand, signals from a data line driving
circuit 23 are inputted into the data lines LD1,LD2, ..., ...
. Control signals corresponding to image data are inputted
from the controller 24 into this data line driving circuit 23. At
a timing when the pixels in each of the rows are collectively
selected by the scanning line driving circuit 22, the data line
driving circuit 23 supplies light emission controlling signals,
which correspond to the light emission gradations of the
individual pixels in the selected row, to the data lines LD1,
LD2,...,...inparallel.

[0137] In this way, in the individual pixels in the selected
row, the light emission controlling signals are given to the
gate electrodes 4(G) through the selecting transistors Ts.
Thus, the light-emitting transistor devices 10 in the pixels
emit light having gradations corresponding to the light emis-
sion controlling signals (or stop the light emission). Since the
light emission controlling signals are kept in the capacitor C,
the electric potentials of the gate electrodes 4(G) are kept even
after the selected row selected by the scanning line driving
circuit 22 is shifted to a different row. As a result, the light
emission states of the light-emitting transistor devices 10 are
kept. Thus, two-dimensional display can be attained.

EXAMPLES

[0138] The present invention is more specifically described
by way of examples. The present invention is not limited to
these examples but encompasses any modification that is
within the purview of the present invention. First, methods of
producing pyrene-based compounds are described.

(Synthesis of Raw Intermediate Material)

(Production Example 1 of Raw Intermediate Material)[ Pro-
duction of Dibromopyrene]

[0139]

[Chemical formula 35]

<3>

6 !

[0140] A 200 ml four-necked flask was fitted with a drop-
ping funnel and a three-way cock connected to a nitrogen line,
and was purged with nitrogen. Then, 5.00 g of pyrene (reagent
made by Tokyo Chemical Industry Co., Ltd., purity: 97%)
and 30 ml of DMF (reagent made by Junsei Chemical Co.,
Ltd.) were added, the flask was again purged with nitrogen,
and the system was stirred at room temperature. A solution in
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which 8.81 g of N-bromosuccinimide (NBS, a reagent made
by Tokyo Chemical Industry Co., Ltd., purity: 98%) was
dissolved in 25 ml of DMF, as identified above, was dropwise
added for 20 minutes, and after the end of dropping, the
mixture was further stirred at room temperature for 9 hours. A
yellow solid produced by the reaction was collected by suc-
tion filtration, and washed by suspension in ethanol (reagent
made by Junsei Chemical Co., Ltd.) to obtain a crude product.
[0141] The resulting solid was recrystallized three times
using toluene (reagent made by Junsei Chemical Co., Ltd.) to
remove monobromopyrene. After the three-time recrystalli-
zation, a white solid was obtained which was a mixture of
mainly 1,6-dibromopyrene and 1,8-dibromopyrene.

[0142] From "H-NMR of the collected product, it was con-
firmed that the mixture ratio of 1,6-dibromopyrene and 1,8-
dibromopyrene was 1:1. The LC purity of the collected prod-
uct was 93% as the mixture of dibromopyrenes, with 1,3,6-
tribromopyrene being 7%. The yielded amount was 4.48 g
and the yield was 50.3%.

[0143] ~'HNMR (CDCl;, 400 MHz)

[0144] 1,8-dibromopyrene . . . 88.53 (s, 2H), 8.28 (d, 2H,
J=8.40), 8.05 (d, 2H, J=8.00), 8.04 (s, 2H)

[0145] 6-dibromopyrene. .. 88.47 (d, 2H, J=9.60), 8.27 (d,
2H, J=8.40), 8.13 (d, 2H, J=9.20), 8.06 (d, 2H, J=8.40)

(Production Example 2 of Raw Intermediate Material) [Pro-
duction of Diformylpyrene]

[0146]

[Chemical formula 36]

) 6 Br

<4>

OHC
OHC CHO

[0147] A 1000 ml four-necked flask was fitted with a drop-
ping funnel, a three-way cock connected to a nitrogen line, a
three-one stirrer motor, a glass shaft, a Teflon blade, and a
low-temperature thermometer, heat drying and nitrogen purg-
ing were performed five times using a heat gun under reduced
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pressure to produce a nitrogen atmosphere in the system.
Then, 15 g of a 1:1 mixture of 1,6-dibromopyrene and 1,8-
dibromopyrene and 300 ml of dried THF (reagent made by
Kanto Chemical Co., Inc.) were added, and the reactor was
cooled to —70° C. in a dry ice-acetone bath. 80 ml of n-butyl-
lithium (2.6M, a reagent made by Kanto Chemical Co., Inc.)
was dropwise added for 20 minutes. After the end of drop-
ping, the system was further stirred for two hours while keep-
ing the temperature at =70° C. 32 ml of dried DMF (reagent
made by Kanto Chemical Co., Inc.) was dropwise added for
10 minutes from the dropping funnel. During this process,
heat build-up was confirmed and the internal temperature rose
from -70° C.to -50° C. After the end of dropping of DMF, the
system was further stirred for 30 minutes while cooling.
Then, the cooling bath was removed, and the system was
heated to room temperature and left to stand overnight. 1300
ml of IN—HCI was slowly added, and a yellow solid depos-
ited was collected by suction filtration to obtain a wet cake.
The filtrate was separated and extracted with 300 ml of
dichloromethane, condensed as it is without using a drying
agent, and collected as the wet cake. The resulting cakes were
combined, washed by suspension in ethanol, and dried under
reduced pressure. It was confirmed that yellow crystals
obtained from ‘H-NMR were a 1:1 mixture of 1,6-di-
formylpyrene and 1,8-diformylpyrene. The yielded amount
was 6.78 g and the yield was 63.0%.

[0148] 'H-NMR (CDCl,, 400 MHz)

[0149] 6-diformylpyrene . . . 810.82 (s, 2H), 9.60 (d, 2H,
J=9.20), 8.55 (d, 2H, J=7.60), 8.43 (s, 2H, J=8.00), 8.36 (d,
2H, J=9.20)

[0150] 1,8-diformylpyrene. .. 510.87 (s, 2H), 9.62 (s, 2H),
8.57 (d, 2H, J=7.60), 8.43 (d, 2H, J=8.00), 8.26 (s, 2H)

Production Examples
Production Example 1

Production of 1,6-diphenylpyrene (Compound 1),
and 1,8-diphenylpyrene (Compound 2)

[0151]

[Chemical formula 37]

) 6 Br

Ph
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[0152] 4.00 g of a 1:1 mixture of 1,6-dibromopyrene and
1,8-dibromopyrene, g (5.0 equivalent weight with respect to
dibromopyrenes) of phenyl borate (reagent made by Tokyo
Chemical Industry Co., Ltd., purity not identified), and 11.82
g of Na,CO; (reagent made by Kanto Chemical Co., Inc.)
were put into a 300 ml three-necked flask including a reflux
condenser tube, a three-way cock connected to a nitrogen
line, a thermometer and a rotor. 100 ml of toluene (reagent
made by Junsei Chemical Co., Ltd.), 50 ml of ethanol (reagent
made by Junsei Chemical Co., Ltd.), and 10 ml of desalted
water were added and suspended. The operation of degassing
the resulting suspension and returning the pressure to normal
pressure with nitrogen was repeated five times. Then, the
reaction mixture was bubbled with nitrogen for nitrogen
purging in the system. 0.49 g of tetrakistriphenylphosphine
palladium (reagent made by Tokyo Chemical Industry Co.,
Ltd.) was then added, and the system was stirred while heat-
ing at 80° C. for 10 hours in an oil bath.

[0153] Undissolved phenyl borate and inorganic salts were
removed by sucking and filtering the reaction mixture. To the
filtrate was added 100 ml of desalted water to separate the
solution into phases. The organic phase was dehydrated with
anhydrous magnesium sulfate and then condensed. Inorganic
salts and palladium mixed therewith were removed by col-
umn chromatography (silica gel, CHCl;) so as to yield a
greenish yellow crude product. From the LC analysis, it was
found out that this product was a mixture of 1,6-diphe-
nylpyrene, 1,8-diphenylpyrene, 1,3,6-triphenylpyrene and
1-phenylpyrene. Also, from the respective area values by LC,
it was found out that it comprised 94.2% of diphenylpyrene
mixture, 0.5% of monophenylpyrene, and 5.3% of triph-
enylpyrene.

[0154] The crude product was heated after adding ethanol,
and then thermally filtered to separate a green filtrate and
colorless crystals. About 2 g of the collected crystals were
suspended in isopropyl alcohol while heating and refluxing,
and then cooled to room temperature to collect crystals. With
structural analysis by 'H-NMR, it was confirmed that the
collected crystals are 1,6-diphenylpyrene. In the LC analysis,
1,6-diphenylpyrene was one of their components, and the
collected crystals had a purity of not less than 99.8%. The
yielded amount was 0.92 g and the yield was 23.3%.

[0155] 'H-NMR (CDCl,, 400 MHz)

[0156] 1,6-diphenylpyrene ... 88.22 (d, 2H, J=7.60), 8.20
(d, 2H, J=9.20), 8.05 (d, 2H, J=9.20), 8.04 (d, 2H, J=8.40),
7.65-7.63 (m, 4H), 7.61-7.55 (m, 4H), 7.53-7.47 (m, 4H)
[0157] The filtrate obtained by thermally filtering with
ethanol was condensed, and then washed by suspension in
hexane to separate a white solid by filtration. The resulting
filtrate was purified with GPC, and the fraction after remov-
ing triphenylpyrene mixed therein was condensed in an
evaporator, and washed with methanol to yield a white solid.
It was confirmed that the solid obtained from 'H-NMR was
1,8-diphenylpyrene. In the LC analysis, 1,8-diphenylpyrene
was one of its components, and its purity was 99.8%. The
yielded amount was 0.32 g and the yield was 1%.

[0158] 'H-NMR (CDCl,, 400 MHz)

[0159] 1,8-diphenylpyrene ... 38.25 (d, 2H, J=7.60), 8.13
(s, 2H), 8.12 (s, 2H), 8.00 (d, 2H, J=7.60), 7.66-7.62 (m, 4H),
7.57-7.52 (m, 4H), 7.49-7.43 (m, 2H),
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Production Example 2

Production of bis(triftuoromethylphenyl)pyrene
(Compound 3)

[0160]

[Chemical formula 38]

<6>
Br, 6 Br
6 ! .
QQQ
Br
CF3;

O ]

F3

[0161] 2.50 g of a 1:1 mixture of 1,6-dibromopyrene and
1,8-dibromopyrene, 3.98 g (3.0 equivalent weight with
respect to dibromopyrenes) of p-trifluoromethylphenyl
borate (reagent made by Wako Pure Chemical Industries,
Ltd.), and 4.45 g of Na,CO; (reagent made by Kanto Chemi-
cal Co., Inc.) were put into a 200 ml three-necked flask
including a reflux condenser tube, a three-way cock con-
nected to a nitrogen line, a thermometer and a rotor. 50 ml of
toluene (reagent made by Junsei Chemical Co., L.td.), 20 ml of
ethanol (reagent made by Junsei Chemical Co., Ltd.), and 10
ml of desalted water were added and suspended. The opera-
tion of degassing the resulting suspension and returning the
pressure to normal pressure with nitrogen was repeated five
times. Then, the reaction mixture was bubbled with nitrogen
for nitrogen purging in the system. 0.41 g of tetrakistriph-
enylphosphine palladium (reagent made by Tokyo Chemical
Industry Co., Ltd.) was then added, and the system was stirred
while heating at 80° C. for 10 hours in an oil bath, and then
cooled to room temperature.

[0162] The precipitated reaction mixture was collected by
suction filtration, and the solid was washed by suspension in
ethanol. The crude product thus obtained was heated while
suspending it in chloroform, and the undissolved substances
were filtered out by gusseted filter paper. Crystals obtained by
condensing the filtrate were washed with methanol and col-
lected by suction filtration. It was confirmed that the crystals
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obtained from 'H-NMR were 1,6-bis(4-trifluoromethylphe-
nyl)pyrene. In the LC analysis, 1,6-bis(4-trifluoromethylphe-
nyl)pyrene was one of their components, and their purity was
99.1%. The yielded amount was 1.59 g and the yield was
46.6%. The content of 1,6-isomer was 93.2%.

[0163] 'H-NMR (CDCl,, 400 MHz)

[0164] 1,6-(4-trifluoromethylphenyl)pyrene . . . 88.26 (d,
2H, J=7.60), 8.14 (d, 2H, J=9.20), 8.09 (d, 2H, J=9.60), 7.99
(d, 2H, J=8.40), 7.85 (d, 4H, J=8.00), 7.77 (d, 4H, J=8.00)

Production Example 3

Production of bis(p-butylphenyl)pyrene (Compound
4)
[0165]

[Chemical formula 39]

<7>
Br, 6 Br
6 Br »
QQQ
Br
C4Hg

C4Hy

[0166] 3.01 g of a 1:1 mixture of 1,6-dibromopyrene and
1,8-dibromopyrene, 4.5 g (3.0 equivalent weight with respect
to dibromopyrenes) of p-butylphenyl borate (reagent made by
Wako Pure Chemical Industries, Ltd.), and 5.30 g of Na,CO,
(reagent made by Kanto Chemical Co., Inc.) were put into a
200 ml three-necked flask including a reflux condenser tube,
a three-way cock connected to a nitrogen line, a thermometer
and a rotor. 50 ml of toluene (reagent made by Junsei Chemi-
cal Co., Ltd.), 20 ml of ethanol (reagent made by Junsei
Chemical Co., [td.), and 10 ml of desalted water were added
and suspended. The operation of degassing the resulting sus-
pension and returning the pressure to normal pressure with
nitrogen was repeated five times. Then, the reaction mixture
was bubbled with nitrogen for nitrogen purging in the system.
0.50 g of tetrakistriphenylphosphine palladium (reagent
made by Tokyo Chemical Industry Co., Ltd.) was then added,
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and the system was stirred while heating at 80° C. for 11 hours
in an oil bath, and cooled to room temperature.

[0167] The reaction solution was separated into phases by
adding 100 ml of chloroform and desalted water, and then the
water phase was extracted with chloroform. The organic
phases were combined with each other, dried over anhydrous
magnesium sulfate, and condensed after removing a drying
agent to yield a crude product. Inorganic substances were
then removed from the crude product by column chromatog-
raphy (SiO,, chloroform) to yield a white solid.

[0168] The solid obtained was heated and washed by sus-
pension in isopropyl alcohol, undissolved substances were
filtered out by thermal filtration, and crystals precipitated
from the filtrate were collected. They were combined and
heated and washed by suspension in ethanol to yield white
crystals. It was confirmed that the crystals obtained from
'H-NMR were 1,6-bis(4-butylphenyl)pyrene. In the LC
analysis, besides 1,6-bis(4-butylphenyl)pyrene, 1,8-bis(4-
butylphenyl)pyrene was identified. The area ratio 1,6-com-
pound: 1:8-compound was 98.0:2.0. The yielded amount was
0.99 g and the yield was 25.2%. The content of 1,6-isomer
was 50.4%

[0169] 'H-NMR (CDCl,, 400 MHz)

[0170] 1,6-(4-butylphenyl)pyrene . . . 88.22 (d, 2H, J=9.
20), 8.19 (d, 2H, J=7.60), 8.04 (d, 2H, J=8.80), 7.99 (d, 2H,
J=7.60), 7.56 (d, 4H, 1=8.40), 7.39 (d, 4H, J=8.40), 2.78 (t,
4H, J=8.00), 1.77 (m, 4H), 1.51 (m, 4H), 1.02 (t, 6H, J=7.20)

Production Example 4
Production of bis(biphenyl)pyrene (Compound 5)
[0171]

[Chemical formula 40]

Br i Br 6 Br
QQQ
Q B]-

<g>
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[0172] 2.88 g of a 1:1 mixture of 1,6-dibromopyrene and
1,8-dibromopyrene, 4.75 g of 4-biphenyl borate (reagent
made by Wako Pure Chemical Industries, [ td.), and 5.10 g of
Na,CO; (reagent made by Kanto Chemical Co., Inc.) were
put into a 200 ml three-necked flask including a reflux con-
denser tube, a three-way cock connected to a nitrogen line, a
thermometer and a rotor. 110 ml of toluene (reagent made by
Junsei Chemical Co., Ltd.), 20 ml of ethanol (reagent made by
Junsei Chemical Co., Ltd.), and 10 ml of desalted water were
added and suspended. The system of the reaction solution was
purged with nitrogen. 0.46 g of tetrakistriphenylphosphine
palladium (reagent made by Tokyo Chemical Industry Co.,
Ltd.) was then added, and the system was stirred while heat-
ing at 80° C. for 11 hours in an oil bath, and cooled to room
temperature. The reaction solution was filtered, and the solid
thus obtained was recrystallized twice with toluene to yield
0.86 g of yellow crystals.

[0173] 'H-NMR (CDCl,, 400 MHz)

[0174] 6-bis(4-4'-biphenyl)pyrene . . . 88.28 (d, 2H, J=9.
60), 8.23 (d, 2H, J=8.0), 8.08 (d, 2H, J=9.6), 8.04 (d, 2H,
J=8.0),7.81 (d, 4H, J=8.4), 7.76-7.73 (m, 8H), 7.54-7.50 (m,
4H), 7.34-7.36 (m, 2H)

Production Example 5
Production of bis(styryl)pyrene (Compound 6)
[0175]

[Chemical formula 41]

<9>

[0176] 3.09 g of a 1:1 mixture of 1,6-dibromopyrene and
1,8-dibromopyrene, 4.88 g of styryl borate (made by Aldrich
Co.), and 3.35 g of Na,CO; (reagent made by Kanto Chemi-
cal Co., Inc.) were put into a 200 ml three-necked flask
including a reflux condenser tube, a three-way cock con-
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nected to a nitrogen line, a thermometer and a rotor. 110 ml of
toluene (reagent made by Junsei Chemical Co., Ltd.), 20 ml of
ethanol (reagent made by Junsei Chemical Co., Ltd.), and 10
ml of desalted water were added and suspended. The system
of the reaction solution was purged with nitrogen. 0.46 g of
tetrakistriphenylphosphine palladium (reagent made by
Tokyo Chemical Industry Co., Ltd.) was then added, and the
system was stirred while heating at 80° C. for 11 hours in an
oil bath, and cooled to room temperature. The reaction solu-
tion was filtered, and the solid thus obtained was recrystal-
lized twice with toluene to yield 0.51 g of yellow crystals.
[0177] 'H-NMR (CDCl,, 400 MHz)

[0178] 6-bisstyrylpyrene . .. 88.48 (d, 2H, J=8.80), 8.32 (d,
2H, J=8.0), 8.19 (d, 2H, J=15.6), 8.18 (d, 2H, J=8.0), 8.11 (d,
2H, J=9.6),7.69 (d, 2H, J=8.4), 7.47-7 .43 (m, 4H), 7.38-7.34
(m, 4H)

Production Example 6
Production of bis(2-naphthyl)pyrene (Compound 7)
[0179]

[Chemical formula 42]

<10>

[0180] 3.60 g of a 1:1 mixture of 1,6-dibromopyrene and
1,8-dibromopyrene, g of naphthyl borate (made by Aldrich
Co.), and 6.36 g of Na,CO; (reagent made by Kanto Chemi-
cal Co., Inc.) were put into a 200 ml three-necked flask
including a reflux condenser tube, a three-way cock con-
nected to a nitrogen line, a thermometer and a rotor. 120 ml of
toluene (reagent made by Junsei Chemical Co., Ltd.), 25 ml of
ethanol (reagent made by Junsei Chemical Co., Ltd.), and 14
ml of desalted water were added and suspended. The system
of the reaction solution was purged with nitrogen. 0.58 g of
tetrakistriphenylphosphine palladium (reagent made by
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Tokyo Chemical Industry Co., Ltd.) was then added, and the
system was stirred while heating at 80° C. for 11 hours in an
o0il bath, and cooled to room temperature. The reaction solu-
tion was filtered, and the solid thus obtained was recrystal-
lized with toluene to yield 1.5 g of yellow crystals.

[0181] 'H-NMR (CDCl,, 400 MHz)

[0182] 48.25 (d, 2H, J=8.80), 8.17 (d, 4H, J=3.2), 8.10 (d,
4H, J=8.80), 8.00 (d, 2H, ]=8.4),7.95-8.00 (m, 4H), 7.80 (dd,
2H, J=2.0, 8.4), 7.55-7.65 (m, 4H)

Production Example 7

Production of 1,6-bis(p-butylstyryl)pyrene (Com-
pound 8)

[0183]

[Chemical formula 43]

<I1>
CHO

O e

0

Bu

OHC
I
OFt
r
OFt

Bu
ShAseh
[0184] A 200 ml three-necked flask was fitted with a drop-
ping funnel, a three-way cock connected to a nitrogen line,
and a rotor, and the operation of drying under reduced pres-
sure and nitrogen purging in the system was performed five
times. 1.51 g of a 1:1 mixture of 1,6-diformylpyrene and
1,8-diformylpyrene and 4.14 g of p-butylbenezesulfonate
were put into the reactor, and after performing nitrogen purg-
ing again, 100 ml of dried DMF (reagent made by Kanto
Chemical Co., Inc.) was added and the mixture was stirred at
room temperature. 4.4 ml of SN—NaOMe/methanol solution
(reagent made by Tokyo Chemical Industry Co., Ltd.) was
dropwise added from the dropping funnel. After the end of the
addition, the mixture was heated in an oil bath at the internal
temperature of 80° C. for 10 hours.
[0185] After the reaction, precipitated needle crystals were
collected by suction filtration, and washed by suspension in
methanol to yield light yellow crystals. The thus collected
crude crystals were recrystallized from toluene to yield light
yellow crystals. The filtrate after recrystallization was con-
densed and separately recrystallized from toluene to yield
light yellow crystals. From "H-NMR, it was confirmed that
the crystals obtained in both operations were 1,6-bis(p-butyl-
styryl)pyrene. In the LC analysis, besides 1,6-bis(4-butyl-
styryl)pyrene, 1,8-bis(4-butylstyryl)pyrene was also identi-
fied. The area ratio 1,6-compound: 1:8-compound was 99.8:
0.2. The yielded amount was 0.82 g and the yield was 27.0%.
The content of 1,6-isomer was 54.0%
[0186] 'H-NMR (CDCl,, 400 MHz)

Bu
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[0187] 1,6-bis(p-butylstyryl)pyrene . . . 88.47 (d, 2H, J=8.
80), 8.31 (d, 2H, J=7.60), 8.18-8.13 (m, 4H), 8.11 (d, 2H,
J=9.20), 7.61 (d, 4H, 1=8.00), 7.35 (d, 2H, J=15.60), 7.26 (d,
4H, J=8.00), 2.68 (t, 4H, ]=7.60), 1.69-1.61 (m, 4H), 1.45-1.
35 (m, 4H), 0.98 (t, 6H, J=7.20)

Production Example 8

Production of 1,6-bis(4-trifluvoromethylstyryl)-
pyrene (Compound 9)

[0188]

[Chemical formula 44]

<12>

CHO
O
AL

F;C

OEt ——

I

\OEt
CF3

[0189] A 200 ml three-necked flask was fitted with a drop-
ping funnel, a three-way cock connected to a nitrogen line,
and a rotor, and the operation of drying under reduced pres-
sure and nitrogen purging in the system was performed five
time. 1.50 g of a 1:1 mixture of 1,6-diformylpyrene and
1,8-diformylpyrene and 3.80 g of p-trifluoromethylbenezen-
sulfonate were put into the reactor, and after performing
nitrogen purging again, 100 ml of dried DMF (reagent made
by Kanto Chemical Co., Inc.) was added and the mixture was
stirred at room temperature. 4.0 ml of SN—NaOMe/metha-
nol solution (reagent made by Tokyo Chemical Industry Co.,
Ltd.) was dropwise added from the dropping funnel. After
stirring the mixture for 5 hours, the mixture was heated in an
oil bath at the internal temperature of 80° C. for 3 hours.
[0190] After the reaction, precipitated needle crystals were
collected by suction filtration, and washed by suspension in
methanol to yield light yellow crystals. The thus collected
crude crystals were washed by suspension in chloroform
while heating, and undissolved solids were collected by suc-
tion filtration. The thus collected solids were recrystallized
from toluene to yield white flaky crystals. From ‘H-NMR, it
was confirmed that the crystals obtained were 1,6-bis(4-trif-
luoromethylstyryl)pyrene. In the LC analysis, it was con-
firmed that the crystals consisted of 1,6-bis(4-trifluorometh-
ylstyryl)pyrene only. The yielded amount was 0.50 g and the
yield was 16.1%. The content of 1,6-isomer was 32.2%
[0191] 'H-NMR (CDCl,, 400 MHz)

[0192] 1,6-bis(4-trifluoromethylstyryl)pyrene. .. 88.51 (d,
2H, J=8.80), 8.36 (d, 2H, J=8.00), 8.32 (d, 2H, J=16.40), 8.23

F;C
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(d, 2H, J=8.00), 8.17 (d, 2H, J=9.20), 7.80 (d, 4H, J=8.00),
7.70 (d, 4H, J=8.00), 7.40 (d, 2H, J=16.00)
Production Example 9

Production of 1,6-bis(4'-butylstilbene-4-yl)pyrene
(Compound 10)

[0193] [Production of Raw Intermediate Material: 1,6-
pyrenebis(pinacolate Diborane)]

[Chemical formula 45]

) 6 !
Q Br Q

Br
QCQ —
—_——

Jul. 16, 2009

were stirred with 10 ml of IN—HC] and 100 m] of water. The
thus obtained crystals were collected by suction filtration to
yield a wet cake. The cake obtained was washed by suspen-
sion in THF and dried under reduced pressure. It was con-
firmed that yellow crystals obtained from 'H-NMR were
1,6-pyrenebis(pinacolate diborane). The yielded amount was
4.6 g and the yield was 25.0%. The content of 1,6 compounds
was 60%.

[0195] 'H-NMR (CDCl,, 400 MHz)

[0194] A 1000 ml four-necked flask was fitted with a drop-
ping funnel, a three-way cock connected to a nitrogen line,
and a low-temperature thermometer, a stirrer was mounted
therein, and heat drying and nitrogen purging were performed
five times using a heat gun under reduced pressure to produce
a nitrogen atmosphere in the system. Then, 14.4 g of a 1:1
mixture of 1,6-dibromopyrene and 1,8-dibromopyrene and
300 ml of dried THF (reagent made by Kanto Chemical Co.,
Inc.) were added, and the reactor was cooled to —=70° C. in a
dry ice-acetone bath. 100 ml of n-butyllithium (1.06M, a
reagent made by Kanto Chemical Co., Inc.) was dropwise
added for 30 minutes. After the end of dropping, the system
was further stirred for two hours while keeping the tempera-
ture at —70° C. 35 ml of Dioxaborolane (reagent made by
Kanto Chemical Co., Inc.) was dropwise added from the
dropping funnel for 15 minutes. During this process, heat
build-up was confirmed and the internal temperature rose
from -70° C. to -60° C. After the end of dropping of Diox-
aborolane, the system was further stirred for 30 minutes while
cooling. Then, the cooling bath was removed, and the system
was gradually heated to room temperature and left to stand
overnight. White crystals were precipitated in a light yellow
solution. They were filtered by suction filtration. The crystals

<[3>

[0196] 1,6-pyrenebis(pinacolate diborane) ... 89.1 (d, 2H,
J=9.20), 8.52 (d, 2H, J=7.60), 8.18 (d, 2H, J=7.60), 8.19 (d,
2H, J=9.2), 1.49 (s, 12H)

[Production of Raw Intermediate Material: 4-bromobenzyl
Diethyl Phosphonate]

[Chemical formula 46]

<14>
Br
+ P(OEt); D ——

Br
> /OEt
M ok
(6]

Br
<|4>
[0197] A three-way cock connected to a nitrogen line was

connected to a 100 ml eggplant flask, and a rotor was put
therein. 10.00 g of bromobenzyl bromide (reagent made by
Aldrich Co.) and 20 m] of triethyl phosphite (reagent made by
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Wako Pure Chemical Industries, Ltd.) were put into the flask,
and stirred while heating in an oil bath at 100° C. for four
hours. It was confirmed that the raw materials disappeared
from TLC and one high-polarity component was produced.
[0198] After the end of the reaction, any excess triethyl
phosphite is distilled off to yield as a residue a light yellowish
transparent oil substance. From "H-NMR, it was confirmed
that this residue was a mixture of 4-bromobenzyl diethyl
phosphonate and the remaining triethyl phosphite. The
yielded amount was 15.3 g and the yield was about 80%.
[0199] 'H-NMR (CDCl,, 300 MHz)

[0200] 4-bromobenzyl diethyl phosphonate . . . §7.44 (d,
2H, 7.81), 7.19 (d, 2H, J=8.41), 4.06 (m, 4H), 3.12 (d, 2H,
J=21.62), 1.27 (t, 3H, J=7.20)

[Production of Raw Intermediate Material: 4-bromo-4'-butyl-
stilbene]

[Chemical formula 47]

0
/@)‘\H +
Bu
o /©/\

Vs
Bu

<] 5>

[0201] A rotor was put in a 100 ml three-necked flask, and
a dropping funnel, a three-way cock connected to a nitrogen
line and thermometer were mounted to the flask. 4.89 g of
4-butylbenzaldehyde (reagent made by Tokyo Chemical
Industry Co., Ltd.) and 10.03 g of 4-bromobenzyl diethyl
phosphonate were put into the flask, and after the interior of
the reactor was purged with nitrogen, 50 ml of dried DMF
(reagent made by Wako Pure Chemical Industries, Ltd.) was
added and the mixture was stirred at room temperature. 6.5 ml
of sodium methoxide/methanol solution (reagent made by
Wako Pure Chemical Industries, [.td.) was dropwise added
slowly for two minutes from the dropping funnel. After the
end of dropping, the mixture was stirred while heating in an
oil bath at 40° C. for four hours.

[0202] After the end of the reaction, 200 ml of desalted
water and 100 ml of toluene were added to the reaction
solution to separate the solution into phases. The water phase
was then extracted twice with 100 ml of toluene. The organic
phases were combined and condensed. The resulting waxy
solid was washed by suspension in hexane to yield white
crystals. From 'H-NMR, it was confirmed that the crystals
were 4-bromo-4'-butylstilbene. The yielded amount was 6.17
g and the yield was 68.4%.

[0203] 'H-NMR (CDCl,, 300 MHz)

[0204] 4-bromo-4'-butylstilbene . . . §7.47-7.34 (m, 6H),
7.18 (d, 2H, J=8.11), 7.10 (d, 1H, J=16.20), 7.00 (J=16.20),
2.63 (t, 2H, J=7.51), 1.65-1.55 (m, 2H), 1.40-1.31 (m, 2H),
0.95 (t, 3H, J=7.51)
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[Production of 1,6-bis(4'-butylstilbene-4-yl)pyrene (Com-
pound 10)]

[Chemical formula 48]

<16>

Q
\
Q .
0—§
\
0

[0205] A rotor was put in a 200 ml three-necked flask, and
a reflux condenser tube, a three-way cock connected to a
nitrogen line, and a thermometer was mounted to the flask.
2.01 g of 1,6-pyrenebis(pinacolate diborane), 4.23 g of
4-bromo-4'-butylstilbene, 2.86 g of sodium carbonate (re-
agent made by Wako Pure Chemical Industries, Ltd.), 50 ml
of toluene (reagent made by Wako Pure Chemical Industries,
Ltd.), 20 ml of ethanol (reagent made by Wako Pure Chemical
Industries, Ltd.), and 5 ml of desalted water were put into the
flask. After performing degassing under reduced pressure and
nitrogen purging five times, nitrogen was passed for 30 min-
utes through the mixture. After degassing, 0.30 g of tetraki-
striphenylphosphine palladium (reagent made by Wako Pure
Chemical Industries, [.td.) was added, and the mixture was
stirred while heating in an oil bath at 80° C. for 14 hours.

[0206] 100 ml of desalted water and 100 ml of chloroform
were added to the reaction solution to separate the solution
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into phases. The water phase was then extracted twice with
100 ml of chloroform. The solvent was distilled off, and the
extract was dissolved into toluene at a hot reflux temperature,
and thermally filtered. A yellow solid was collected by suc-
tion filtration from the filtrate obtained after removing undis-
solved inorganic substances. From 'H-NMR, it was con-
firmed that the yellow crystals were 1,6-bis(4'-butylstilbene-
4-yl)pyrene. The yielded amount was 2.06 g and the yield was
69.5%.

[0207] 'H-NMR (CDCl,, 300 MHz)

[0208] 1,6-bis(4'-butylstilbene-4-yl)pyrene . . . 88.26 (d,
2H, J=9.31), 8.22 (d, 2H, J=8.11), 8.07 (d, 2H, J=9.30), 8.02
(d, 2H, J=7.81), 7.73 (d, 4H, J=8.41), 7.66 (d, 4H, J=8.41),
7.52(d, 4H, J=8.11), 7.22-7.20 (m, 8H), 2.67 (t, 4H, J=7.51),
1.69-1.60 (m, 4H), 1.48-1.32 (m, 4H), 0.98 (t, 6H, ]=7.20)
[Production of 2,7-bis(4-n-hexylphenyl)pyrene (Compound
11)]

[Chemical formula 50]

Q e
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[0209] In an argon atmosphere, a toluene (35 ml) solution
of 2,7-dibromopyrene (504 mg, 1.4 mmol), 1-(tri-n-butylsta-
nyl)-4-n-hexylbenzene (1.90 g, 4.2 mmol), and tetrakis(triph-
enylphosphine) palladium (0) (97 mg, 0.084 mmol) was
stirred while heating at 120° C. for 24 hours. The reaction
solution was subjected to Celite filtration and condensed
under reduced pressure. The resulting crystalline product was
recrystallized from a toluene solution to yield an opaque
white plate-crystalline captioned compound (483 mg, 0.92
mmol). The yield was 66%.

[0210] 'H-NMR (400 MHz, CDCl,) .. .38.39 (s, 4H), 8.13
(s, 4H), 7.82 (d, J=8.0 Hz, 4H), 7.38 (d, J=8.0 Hz, 4H), 2.72
(t, I=7.8 Hz, 4H), 1.71 (m, 4H), 1.45-1.34 (m, 12H), 0.91 (t,
J=7.0 Hz, 6H)

[0211] '*C-NMR (100 MHz CDCl,) . . . 8142.43, 138.93,
138.91,131.58,129.21, 127.97,123.81,35.82, 31.93,31.68,
29.24,22.81, 14.30

[Production of 2,7-bis[2-(6-n-hexyl)naphthyl]pyrene (Com-
pound 12)]

Br QgQ Br T

(1-3-1)

[Chemecial formula 49]

<17>

(1-3-1)

(18)

[0212] In an argon atmosphere, a toluene (35 ml) solution
of'2,7-dibromopyrene (504 mg, 1.4 mmol), 2-(tri-n-butylsta-
nyl)-6-n-hexylnaphthalene (1.92 g, 3.8 mmol), and tetrakis
(triphenylphosphine) palladium (0) (97 mg, 0.084 mmol) was
stirred while heating at 120° C. for 24 hours. The reaction
solution was condensed under reduced pressure. After wash-
ing the residue with hexane, it was recrystallized from a
toluene solution to yield the captioned compound in the form
of white powder (315 mg, 0.51 mmol). The yield was 36%.

[0213] 'H-NMR (400 MHz, CDCl,) .. . 88.54 (s, 4H), 8.32
(br, 2H), 8.20 (s, 4H), 8.04 (dd, J=8.4/1.6 Hz, 2H), 7.97 (d,
J1=8.4Hz, 2H), 7.92 (d, I=8.4 Hz, 2H), 7.70 (br, 2H), 7.42 (dd,
1=8.4/1.2 Hz, 2H), 2.83 (t, J=7.6 Hz, 4H), 1.75 (m, 4H),
1.43-1.33 (m, 12H), 0.91 (t, J=7.0 Hz, 6H)

[0214] '*C-NMR (100 MHz CDCL,) . . . 8141.04, 139.13,
138.11, 133.05, 132.47, 131.75, 128.33, 128.22, 128.13, 126.
72,126.36,126.27,124.21,36.36,31.94, 31.52,29.21,22.80,
14.30
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[Production of  2,7-bis(4-n-hexylphenylethynyl)pyrene
(Compound 13)]

[Chemical formula 51]

Jul. 16, 2009

[0215] In an argon atmosphere, a toluene (35 ml) solution
of 2,7-dibromopyrene (504 mg, 1.4 mmol), 1-ethynyl-4-n-
hexylbenzene (634 mg, 3.4 mmol), tetrakis(triphenylphos-
phine) palladium (0) (97 mg, 0.084 mmol), copper iodide (8
mg, 0.042 mmol), and diisopropylamine (344 mg, 3.4 mmol)
was stirred while heating at 120° C. for 24 hours. The reaction
solution was poured into ice water, and after washing an
extracted organic phase with saline water, it was dried with
anhydrous magnesium sulfate. After condensing the residue
under reduced pressure, diethyl ether was added thereto to
crystallize it, thereby yielding the captioned compound in the
form of yellow powder (335 mg, 0.59 mmol). The yield was
42%.

[0216] 'H-NMR (400 MHz, CDCL,). .. 88.32 (s, 4H), 8.04
(s, 4H), 7.56 (d, J=8.0 Hz, 4H), 7.22 (d, J=8.0 Hz, 4H), 2.65
(t,J=7.8 Hz, 4H), 1.64 (m, 4H), 1.38-1.29 (m, 12H), 1. ee (t,
J=7.8 Hz, 4H), 0.90 (t, J=7.0 Hz, 6H)

[0217] '>C-NMR (100 MHz CDCl,) . . . 8143.84, 131.80,
131.30, 128.72, 128.20, 127.74, 123.99, 121.48, 120.46,
90.57,89.42,36.12, 31.87, 31.39, 29.11, 22.76, 14.26
[Production of Raw Intermediate Material: 1,6-bis(3-methyl-
3-hydroxy-1-ethynyl)pyrene]|

[Chemical formula 52]

Q . Q Br .

Br

-continued
OH

Vi
ase
V4

HO
<20>

[0218] 10.80 gof dibromopyrene of which the mixture ratio
of 1,6-compound to 1,8-compound is 4:6, 0.21 g of copper
iodate (reagent made by Wako Pure Chemical Industries,
Ltd.; purity 95%), and 0.57 g of dichlorobis(triphenylphos-
phine)palladium (2) (reagent made by Wako Pure Chemical
Industries, Ltd.) were put into a 500 ml three-necked flask
including a reflux condenser tube, a three-way cock con-
nected to a nitrogen line, and a septum cap. Then, the interior
of the reactor was purged with nitrogen.

[0219] 300 ml of diethylamine (reagent made by Wako
Pure Chemical Industries, Ltd.; purity 99%) was added using
a syringe, and nitrogen was passed through the solution for 20
minutes for degassing. After degassing, 7.5 ml of 2-methyl-
3-butyne-2-ol (reagent made by Wako Pure Chemical Indus-
tries, Ltd.; purity 98%) was added, and the mixture was stirred
while heating in an oil bath at 55° C. for 10 hours.

[0220] After the end of the reaction, the solvent was dis-
tilled oft under reduced pressure with a rotary evaporator. The
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residue was washed with chloroform (reagent made by Wako
Pure Chemical Industries, 1td.) to yield a white solid. From
'"H-NMR, it was confirmed that this white solid was 1,6-bis
(3-methyl-3-hydroxy-1-butynyl)pyrene. The yielded amount
was 4.2 g. The yield was 96% relative to the raw material
1,6-dibromopyrene.

[0221] 'H-NMR (CDCl,, 300 MHz,) . . . 88.52 (d, 2H,
J=9.1), 8.12 (m, 6H), 2.20 (s, 2H), 1.81 (s, 12H)
[Production of Raw Intermediate Material: 1,6-diethy-
nylpyrene]

[Chemical formula 53]

<21>
OH

Vi
OSO I
Vi

HO

[0222] 42 g of 1,6-bis(3-methyl-3-hydroxy-1-butynyl)
pyrene, 4.2 g of sodium hydroxide (reagent made by Wako
Pure Chemical Industries, Ltd.; purity 96%), and 170 ml of
toluene (reagent made by Wako Pure Chemical Industries,
Ltd.) were put into a 300 ml eggplant flask which is equipped
with a reflux condenser tube and in which a rotor is mounted.
The mixture was stirred while heating in an oil bath at 105° C.
for 70 hours.

[0223] After the end of the reaction, undissolved solids
were removed by thermal filtration. The filtrate thus obtained
was condensed under reduced pressure in a rotary evaporator
to yield red solids. The solids thus obtained were recrystal-
lized from toluene to obtain red needle crystals. From
'H-NMR, it was confirmed that the red needle crystals were
1,6-diethynylpyrene. The yielded amount was 1.79 g. The
yield was 60%.
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[0224] 'H-NMR (CDCl;, 300 MHz,) . . . 88.62 (s, 2H),
8.13-8.22 (m, 6H), 3.64 (s, 2H)

[Production of Raw Intermediate Material: 1,6-pyrenebis(vi-
nyl Borate Catechol Ester)

[Chemical formula 54]

<22>
H

Vi
(5~
V4

H

[0225] 2.10 gof 1,6-diethynylpyrene was put into a 100 ml
two-necked flask which is equipped with a reflux condenser
tube and a three-way cock connected to a nitrogen line, and in
which a rotor is mounted. The reactor was then purged with
nitrogen. 60 ml of anhydrous toluene (reagent made by Wako
Pure Chemical Industries, Ltd.), and 25 ml of a THF solution
of catecholborane (reagent made by Aldrich Co.; concentra-
tion 1 M) were added with a syringe. The mixture was then
stirred while heating in an oil bath at 110° C. for 40 hours.

[0226] Solids produced by the reaction were collected by
suction filtration, and washed with toluene (reagent made by
Wako Pure Chemical Industries, Ltd.) to yield yellow solids.
Due to low solubility in chloroform, ‘H-NMR of this com-
pound was not measurable. The yielded amount was 2.60 g.
The yield was 64%.
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[Production of 1,6-bis(4-methylstyryl)pyrene (Compound
14)]

[Chemical formula 55]

<23>

H;C

[0227] 1.30 g of 1,6-pyrenebis((E)-vinyl borate catechol
ester), 0.15 g of tetrakis(triphenylphosphine)palladium (0)
(reagent made by Wako Pure Chemical Industries, Ltd.), and
1.70 g of sodium carbonate (reagent made by Wako Pure
Chemical Industries, Ltd.; purity 99.5%) were put into a 200
ml two-necked flask which is equipped with a reflux con-
denser tube and a three-way cock connected to a nitrogen line,
and in which a rotor is mounted. The system was then purged
with nitrogen. 60 ml of toluene (reagent made by Wako Pure
Chemical Industries, Ltd.), 24 ml of ethanol (reagent made by
Wako Pure Chemical Industries, Ltd.), and 6 ml of desalted
water were put into this reactor, and nitrogen was passed
through the solution for 30 minutes for degassing. 1.0 ml of
p-bromotoluene (reagent made by Wako Pure Chemical
Industries, Ltd.; purity 95%) was added using a syringe, and
the mixture was stirred while heating in an oil bath at 90° C.
for 12 hours.

[0228] After the end of the reaction, the solvent was dis-
tilled off under reduced pressure with a rotary evaporator.
Then, the residue was dissolved into hot toluene and passed
through celite (reagent made by Wako Pure Chemical Indus-
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tries, Ltd.) and Florisil (reagent made by Wako Pure Chemical
Industries, Ltd.) to remove inorganic and undissolved com-
ponents. The filtrate was condensed and recrystallized from
o-dichlorobenzene (reagent made by Wako Pure Chemical
Industries, Ltd.) to yield red crystals. From 'H-NMR, it was
confirmed that the red crystals were 1,6-bis(4-methylstyryl)
pyrene. The yielded amount was 0.66 g. The yield was 57%.
[0229] 'H-NMR (CDCl;, 270 MHz) . . . 88.48 (2H, d,
J=9.2),8.31 (2H, d, J=7.8), 8.17 (d, 4H, ]=8.10), 8.15 (2H, d,
J=15.7),8.11 (2H, d, J=9.5),7.59 (2H, d, J=8.1), 7.33 (2H, d,
J=8.1), 7.25 (4H, d), 2.41 (6H, s)

[Production of 1,6-bis(ethylstyryl)pyrene (Compound 15)

[Chemical formula 56]
<4>

(¢]
B—0

o—B

(o]

CyHs

[0230] 2.00 g of 1,6-pyrenebis((E)-vinyl borate catechol
ester), 0.24 g of tetrakis(triphenylphosphine)palladium (0)
(reagent made by Wako Pure Chemical Industries, Ltd.), and
2.60 g of sodium carbonate (reagent made by Wako Pure
Chemical Industries, Ltd.; purity 99.5%) were put into a 200
ml two-necked flask which is equipped with a reflux con-
denser tube and a three-way cock connected to a nitrogen line,
and in which a rotor is mounted. The system was then purged
with nitrogen. 100 ml of toluene (reagent made by Wako Pure
Chemical Industries, Ltd.), 40 ml of ethanol (reagent made by
Wako Pure Chemical Industries, [td.), and 10 ml of desalted
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water were put into this reactor, and nitrogen was passed
through the solution for 30 minutes for degassing. 1.7 ml of
p-bromoethylbenzene (reagent made by Wako Pure Chemical
Industries, Ltd.) was added using a syringe, and the mixture
was stirred while heating in an oil bath at 90° C. for six hours.

[0231] After the end of the reaction, the solvent was dis-
tilled off under reduced pressure with a rotary evaporator.
Then, the residue was dissolved into hot toluene and passed
through celite (reagent made by Wako Pure Chemical Indus-
tries, Ltd.) and Florisil (reagent made by Wako Pure Chemical
Industries, Ltd.) to remove inorganic and undissolved com-
ponents. The filtrate was condensed and recrystallized from
toluene (reagent made by Wako Pure Chemical Industries,
Ltd.) to yield yellow crystals. From 'H-NMR, it was con-
firmed that the yellow crystals were 1,6-bis(4-ethyl styryl)
pyrene. The yielded amount was 1.12 g. The yield was 58%.
[0232] 'H-NMR (CDCl;, 400 MHz) . . . 88.47 (2H, d,
J=9.6), 8.31 (2H, d, ]=8.4), 8.17 (d, 2H, J=8.0), 8.16 (d, 2H,
J=16.8),8.10 (2H, d, ]=9.2), 7.62 (2H, d, ]=8.0), 7.34 (2H, d,
J=16.0), 7.26 (4H, d), 2.70 (4H, m), 1.29 (t, 6H, J=8.0)
[Production of 1,6-bis(4-propyl styryl)pyrene (Compound
16)]

[Chemical formula 57]

C3Hg

<25>
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[0233] 2.00 g of 1,6-pyrenebis((E)-vinyl borate catechol
ester), 0.24 g of tetrakis(triphenylphosphine)palladium (0)
(reagent made by Wako Pure Chemical Industries, Ltd.), and
2.60 g of sodium carbonate (reagent made by Wako Pure
Chemical Industries, Ltd.; purity 99.5%) were put into a 200
ml two-necked flask which is equipped with a reflux con-
denser tube and a three-way cock connected to a nitrogen line,
and in which a rotor is mounted. The system was then purged
with nitrogen. 100 ml of toluene (reagent made by Wako Pure
Chemical Industries, Ltd.), 40 ml of ethanol (reagent made by
Wako Pure Chemical Industries, Ltd.), and 10 ml of desalted
water were put into this reactor, and nitrogen was passed
through the solution for 30 minutes for degassing. 1.9 ml of
p-bromopropylbenzene (reagent made by Wako Pure Chemi-
cal Industries, L.td.) was added using a syringe, and the mix-
ture was stirred while heating in an oil bath at 90° C. for six
hours.

[0234] After the end of the reaction, the solvent was dis-
tilled off under reduced pressure with a rotary evaporator.
Then, the residue was dissolved into hot toluene and passed
through celite (reagent made by Wako Pure Chemical Indus-
tries, Ltd.) and Florisil (reagent made by Wako Pure Chemical
Industries, Ltd.) to remove inorganic and undissolved com-
ponents. The filtrate was condensed and recrystallized from
toluene (reagent made by Wako Pure Chemical Industries,
Ltd.) to yield yellow crystals. From 'H-NMR, it was con-
firmed that the yellow crystals were 1,6-bis(4-propyl styryl)
pyrene. The yielded amount was 1.27 g. The yield was 63%.
[0235] 'H-NMR (CDCl;, 400 MHz) . . . 88.46 (2H, d,
J=8.8), 8.30 (2H, d, J=7.6), 8.15 (d, 2H, J=8.8), 8.14 (d, 2H,
J=15.2),8.09 (2H, d, ]=9.2), 7.60 (2H, d, ]=8.4), 7.33 (2H, d,
J=16.4),7.25 (4H,d, J=8.0), 2.64 (4H,1,1=7.59), 1.69 (m, 4H,
J=7.6), 0.99 (6H, t, J=7.20)

[0236] (Measurement/Calculation of Carrier Mobility,
on/Off Ratio, EL. Luminous Efficiency, and PL. Luminous
Efficiency)

[0237] The carrier mobility, the EL luminous efficiency,
and the PL luminous efficiency were each measured and
calculated as follows:

[Carrier mobility p(ecm?/V,)]
[0238] A relational expression between the drain voltage
(V,) and the drain current of an organic semiconductor is

represented by the following expression (1), and it increases
linearly (linear area),

[Expression 1]

w 1, ()
I = IMCi (Vg = Vr)Vy— Evd

[0239] AsV,increases, I, is saturated by the pinch-off of
the channel, so that I, becomes a constant value (saturated
area) and is represented by the following expression (2):

[Expression 2]

w @
la = 57 Hsea GV = vr?
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[0240] Intheexpressions (1)and (2), each of the symbols is
as follows:

[0241] L: channel length [cm],

[0242] W: channel width [cm],

[0243] C;: electrostatic capacity [F/cm?] of the gate insu-

lating film per unit area,

[0244] p_: mobility [cm?/Vs] in the saturate area,

[0245] 1 drain current [A],

[0246] V: drain voltage [V],

[0247] V,: gate voltage [V], and

[0248] V. gatethreshold voltage [V] (which represents the

following point: in a graph obtained by plotting the ¥4 power
of the drain current (V 4, 2) versus the gate voltage (V,)
under a condition that the drain voltage (V ;) in the saturated
area is constant, a point at which the asymptotic line therein
intersects the transverse axis)

[0249] From the relationship between I 2 and V, in this
saturated area, the mobility (i) in the organic semiconductor
can be obtained.

[0250] In the present invention, under conditions that the
pressure is set to the degree of vacuum of 5x107> and the
temperature is set to room temperature, using a Semiconduc-
tor Parameter Analyzer (HP4155C, Agilent), the drain volt-
age was operated from 10V to =100V at increments of -1V,
and the gate voltage was operated from 0 V to -100 V at
increments of -20 V to calculate the mobility using the
expression (2).

[0251] (On/Off Ratio)

[0252] This ratio is the ratio of the maximum value of Id
(Ion) when the gate voltage is =100 V to the minimum value
of Id (loff) when the gate voltage is 0 V in the measurement of
the carrier mobility.

[0253] (V,, and El Luminous Efficiency)

[0254] V,, is the voltage at the beginning of EL emission.
ForV,, and the EL luminous efficiency 1,,,, the above-men-
tioned transistor devices were used, and operations were
made to set the drain voltage from 10 V to =100V at incre-
ments of -1V, and set the gate voltage from 0 to =100 V at
increments of =20 V, and light emitted from the devices was
measured with a photon counter (4155C, Semiconductor
Parameter Analyzer, manufactured by Newport Co.) to cal-
culate the voltage (V ;) at the beginning of light emission. The
following expression (3) was used to convert the number of
photons [CPS] obtained therein to the light fluxes [Iw], and
subsequently the following expression (4) was used to calcu-
late the EL luminous efficiency 1.,

[Expression 3]

4 h 3
5.71 x 107 (Npc[CPS] -base)énﬁ/gnﬂ ®

Xeclhvl = L.04x 10°

[Expression 4]

No=(100x1239.7/AxNpxXp )/, o)

[0255] Intheexpressions (3) and (4), each of the symbols is
as follows:

[0256] Np.: number of photons [CPS] measured with the
photon counter (PC),

[0257] X numerical value obtained by converting the
number of the photons to light fluxes [Iw],
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[0258] r: diameter [cm] of the cone or circle, and

[0259] h: distance [cm] between the photon counter and the
sample.

[0260] (PL Peak and PL Luminous Efficiency)

[0261] The PL peak and PL luminous efficiency were cal-

culated by depositing each of the transistor material accord-
ing to the present invention on a quartz substrate to a thickness
of 100 nm in the atmosphere of nitrogen to form a monolayer
film, using an integrating sphere (IS-060, Labsphere Co.) to
radiate a He—Cd laser (IK5651R-G, Kimmon Electric Co.)
having a wavelength of 325 nm as an exciting ray, and then
measuring a light-emitting Multi-channel photodiode (PMA-
11, Hamamatsu Photonics Co.) from the samples.

[0262] (Measurement of HOMO and LUMO Energy Lev-
els)
[0263] After forming a monolayer film on a quartz sub-

strate by deposition to the thickness of 100 nm, the HOMO
energy was calculated based on measurement using AC-1
(made by Riken Keiki Co., Ltd.). After measuring the band
gap using a Hitachi spectrophotometer (UV-3500 made by
Hitachi, Ltd.), the LUMO energy was calculated by adding
the HOMO energy.

Examples 1-15 and Comparative Example 1

[0264] Light-emitting transistor devices each illustrated in
FIGS. 23 and 24 were produced under the following condi-
tions:

[0265] Insulating film 5: A silicon oxide film 300 nm in
thickness was formed by vapor deposition on a silicon sub-
strate as an insulating film.

[0266] Source electrode 2 and Drain electrode 3: Elec-
trodes (Au, thickness: 40 nm) each having a comb tooth
shaped region made of twenty comb teeth were formed, and
then the electrodes were arranged on an insulating film 5 to
arrange the comb tooth shaped regions alternately, as illus-
trated in FIG. 8. At this time, a layer (1 nm) made of chro-
mium was formed between the insulating film 5 and the two
electrodes. About the channel regions (between the comb
tooth shaped regions) at this time, the width was set to 25 pm
and the length was set to 4 mm.

[0267] Light-emitting layer 1: A light-emitting layer 1 was
formed by evaporating a transistor material selected from the
compounds 1, 2, 4, 5, 6, 7, 8 and 11 produced in the above
respective production examples to cover the surroundings of
the insulating film, the source electrode 2 and the drain elec-
trode 3.

[0268] For the resulting devices, the ratio of HOMO and
LUMO levels, EL luminous efficiency, carrier mobility, PL.
peak, and V,, were measured by the above methods. Using the
transistor devices comprising the respective compounds, the
PL luminous efficiency was measured by the above method.
The results are shown in Table 1.

[0269] <“HMDS treatment” in Table 1 refers to a treatment
by the below operation A.

[0270] Operation A: After forming the source electrode 2
and the drain electrode 3, the substrate was treated with UV
ozone, HMDS as a surface treating agent was applied to the
substrate, and the substrate was left to stand for two minutes.
Then, the residue of HMDS was removed by air and a com-
pound for use as the light emitting layer was deposited under
vacuum.
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Comparative Example 1

[0271] Except that a comparative compound 1 shown by
the below formula (6) was used as the compound for the
light-emitting layer, a transistor device was produced in the
same manner as in Example 1. For the resulting device, the
ratio of HOMO and LUMO levels, EL luminous efficiency,
carrier mobility, PL peak, and V,, were measured by the
above methods. Using the transistor device comprising the
comparative compound 1, the PL luminous efficiency was
measured by the above method. The results are shown in
Table 1.

[Chemical formula 58]

0
age
sl
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23

(Results)

[0272] From the above results, it was discovered that
devices made of the compounds used in Examples were high
in carrier mobility. While the compounds of Examples 1 and
4 were substantially equal in carrier mobility to the com-
pound of Comparative Example 1, their PL. luminous effi-
ciency was extremely high.

[0273] From the comparison of examples which were sub-
jected to and not subjected to HMDS treatment, it was dis-
covered that the HMDS treatment improves carrier mobility.

[0274] When comparing Examples 10 and 13-15, among
alkyl groups, methyl groups improve carrier mobility as well
as the PL luminous efficiency and EL luminous efficiency. By
selecting methyl groups as alkyl groups, purification by sub-
limation is easier and also, the purity can be improved.

Examples 16-19 and Comparative Example 2

[0275] Transistor devices were produced in the same man-
ner as in Example except that the respective transistor mate-
rials selected from the compounds 10 and 14-16 produced in
the respective production examples were doped with 1 wt %
of periflanthene produced according to the method described
in J. Am. Chem. Soc., (1952), 74, 1075 and J. Am. Chem.
Soc., (1996), 118, 2374 (compound shown by the below
formula (7)), and their evaluation was made. The results are
shown in Table 2.

TABLE 1
PL EL
Carrier HOMO/LUMO luminous luminous
HMDS mobility  PL peak energylevel efficiency efficiency Vth
Compound treatment  (cm?/V - s) (nm) (eV) (%) (%) (V)
Example 1 Compound 1 No 8.5 x 1074 447 5.4/2.3 81 1.0x 1072 =32
2 Compound 2 No 9.2x 1077 470 5.6/2.5 84 5.0x102 -17
3 Compound 4 No 2.5%x1078 419 6.0/3.0 67 — —
4 Compound 5 Yes 1.2x107° 465 5.6/2.8 80 1.0x 107" -39
5 Compound 6 No 38x10™ 530 5.2/2.8 18 28x 107 =29
6 Yes 52x10™ — — — 58x107%  —
7 Compound 7 No 1.7x10™* 455 5.5/2.6 80 +/- 3 — -58
8 Compound 8 No 2.0x 1072 520 5.02.4 5 3.0x1073 -37
9 Yes 6.7 x 1072 — — — 3.0x1073  —
10 Compound 10 No 40x1072 521 5.0/2.4 5 32x 107 =29
11 Compound 11 No 1.0x 1073 418 — 16 — -82
12 Yes 20x102 418 — 16 6.8x 107 —65
13 Compound 14 No 10.x 107! 520 — 8 57x107* =23
14 Compound 15 No 40x1072 519 — s 52x 10 -15
15 Compound 16 No 4.0x1073 545 — 10 89x107° -12
Comparative 1 Comparative No 1.7%x 107 — 5727 68 +/- 3 <0.05 —

Example compound 1
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[Chemical formula 59]
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-continued

[Chemical formula 2]

@

(In the formulas (1) and (2), each of X and Y is a substituent
independent of the other and selected from an aromatic
hydrocarbon group which may have a substituent, an aro-
matic heterocyclic group which may have a substituent, an
alkyl group which may have a substituent, a cycloalkyl group
which may have a substituent, an alkenyl group which may
have a substituent, and an alkynyl group which may have a
substituent, the substituents which X and Y may have are

TABLE 2
PL EL
Periflanthene Carrier luminous  luminous

added HMDS mobility  PL peak On/Off efficiency efficiency Vth

Compound (1 wt %) treatment  (cm?/V - s) (nm) ratio (%) (%) V)

Example 16 Compound 10 Yes No 2.0x 1072 615 10° 50 8.0x 107 -15

17 Compound 14 Yes No 4.0x 1072 615 108 33 6.5%x10™* -21

18 Compound 15 Yes No 2.0x 1072 615 107 33 3.0x 1074 =20

19 Compound 16 Yes No 1.0x 1072 615 108 55 54x10™% -16

Comparative 2 Comparative Yes No 1.1x107* 615 10? 78 2.1x107° =30

Example compound 1

(Results) groups selected from alkyl groups having a carbon number of

[0276] Each of Examples 16-19 showed carrier mobility
which is about 100 times or more than 100 times higher than
in Comparative Example 1. This made it possible to signifi-
cantly reduce the driving voltage. Further, the luminous effi-
ciency was at least 10 times higher than the luminous effi-
ciency attained with a single compound. Thus, the excitation
energy of the compounds according to the present invention is
efficiently transferred to guest materials. This indicates that
the compounds according to the present invention can be used
as host materials in the light-emitting layer.

1. A transistor material comprising a compound expressed
by one of the below chemical formulas (1) and (2),

[Chemical formula 1]

Oy
-

1-20, alkoxy groups having a carbon number of 1-20, amino
groups, boryl groups, silyl groups, cyano groups, aromatic
hydrocarbon groups having a carbon number of 6-36, aro-
matic heterocyclic groups having a carbon number of 4-36
and halogen atoms, the compound expressed by either of the
formulas (1) and (2) includes one pyrene ring in each mol-
ecule.)

2. The transistor material of claim 1 wherein said formula
(1) is expressed by one of the below formulas (1-1) to (1-3),

[Chemical formula 3]

Q X
v Q

[Chemical formula 4]

Y Q X

(1-1)

(1-2)
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-continued
[Chemical formula 5]

(X and Y in the formulas (1-1) to (1-3) are identical to X and
Y in the formula (1), respectively, and the compound
expressed by each of the formulas (1-1) to (1-3) includes one
pyrene ring in each molecule.)

3. The transistor material of claim 1 wherein said formula
(2) is expressed by one of the below formulas (2-1) to (2-3),

(1-3)

Y X

[Chemical formula 6]

[Chemical formula 7]

[Chemical formula 8]

(X andY in the formulas (2-1) to (2-3) are identical to X and
Y in the formula (2), respectively, and the compound
expressed by each of the formulas (2-1) to (2-3) includes one
pyrene ring in each molecule.)

4. A light-emitting transistor material made of the transis-
tor material of any of claims 1 to 3.

5. A light-emitting transistor device comprising a light-
emitting layer comprising as a major component the light-
emitting transistor material of claim 4 and capable of trans-
porting holes and electrons as carriers, said light-emitting
layer emitting light by recombination of the holes and the
electrons; a hole injecting electrode for injecting holes into
said light-emitting layer; an electron injecting electrode for
injecting electrons into said light-emitting layer; and a gate

(€3]
X

2-2)
X

(2-3)

X

/
/

Y
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electrode provided opposite to said hole injecting electrode
and said electron injecting electrode for controlling the dis-
tribution of the carriers in said light-emitting layer.

6. The light-emitting transistor device of claim 5 wherein
said hole injecting electrode and said electron injecting elec-
trode have comb tooth shaped regions, respectively, which are
each made of a plurality of comb teeth, and wherein the comb
teeth which constitute the comb tooth shaped region of the
hole injecting electrode and the comb teeth which constitute
the comb tooth shaped region of the electron injecting elec-
trode are alternately arranged at predetermined intervals.

7. A pyrene-based organic compound expressed by the
below formula (3),

[Chemical formula 9]
3

\_CH=CH,—Ar'—R!
/ Q Y
RZ—AIZ—CH2=CH/——

(In the formula (3), Ar' and Ar” represent, independently of
each other, aromatic hydrocarbon groups other than a pyrene
ring or aromatic heterocyclic groups. R' and R? represent,
independently of each other, halogen atoms, alkyl groups
which may have a substituent having a carbon number of 2-20
or alkoxyl groups having a carbon number of 1-20, each of
Ar! and Ar? has one or more of R! or R?, the abovementioned
substituent is a group selected from aromatic hydrocarbon
groups having a carbon number of 6-36, aromatic heterocy-
clic groups having a carbon number of 4-36, and halogen
atoms.)

8. A pyrene-based organic compound expressed by the
below formula (4),

[Chemical formula 10]
@

ArP—R?

o Q

(In the formula (4), Ar* and Ar® represent, independently of
each other, aromatic hydrocarbon groups other than a pyrene
ring or aromatic heterocyclic groups, R' and R? represent,
independently of each other, halogen atoms, alkyl groups
which may have a substituent having a carbon number of 2-20
or alkoxyl groups having a carbon number of 1-20, each of
Ar' and Ar” has one or more of R* or R?, the abovementioned
substituent is a group selected from aromatic hydrocarbon
groups having a carbon number of 6-36, aromatic heterocy-
clic groups having a carbon number of 4-36, and halogen
atoms.)

9. A pyrene-based organic compound expressed by the
below formula (5),
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[Chemical formula 11]
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(In the formula (5), Ar' and Ar® represent, independently of
each other, aromatic hydrocarbon groups other than a pyrene
ring or aromatic heterocyclic groups, R and R? represent,
independently of each other, halogen atoms, alkyl groups
which may have a substituent having a carbon number of 2-20
or alkoxyl groups having a carbon number of 1-20, each of
Ar! and Ar® has one or more of R! or R?, the abovementioned
substituent is a group selected from aromatic hydrocarbon
groups having a carbon number of 6-36, aromatic heterocy-
clic groups having a carbon number of 4-36, and halogen
atoms.)
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[Chemical formula 13]

@
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