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(57) ABSTRACT

Provided are an organic transistor containing a compound
represented by the following formula, results in high carrier
mobility when being used in a semiconductor active layer of
the organic transistor, and exhibits high solubility in an
organic solvent, in a semiconductor active layer. X is O, S,
or Se; pand g are 0 to 2; R'toR*°,R% and R® are hydrogen,
halogen, or -L-R; one of R* to R*°, R%, and R? is -L-R; L is
a specific divalent linking group; and R is an alkyl group, a
cyano group, etc.
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ORGANIC TRANSISTOR, COMPOUND,
ORGANIC SEMICONDUCTOR MATERIAL
FOR NON-LIGHT-EMITTING ORGANIC
SEMICONDUCTOR DEVICE, MATERIAL
FOR ORGANIC TRANSISTOR, COATING
SOLUTION FOR NON-LIGHT-EMITTING
ORGANIC SEMICONDUCTOR DEVICE, AND
ORGANIC SEMICONDUCTOR FILM FOR
NON-LIGHT-EMITTING ORGANIC
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/IP2015/052604, filed on Jan.
30, 2015, which claims priority under 35 U.S.C. Section
119(a) to Japanese Patent Application No. 2014-021329
filed on Feb. 6, 2014. Each of the above applications is
hereby expressly incorporated by reference, in its entirety,
into the present application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic transis-
tor, a compound, an organic semiconductor material for a
non-light-emitting organic semiconductor device, a material
for an organic transistor, a coating solution for a non-light-
emitting organic semiconductor device, an organic semicon-
ductor film for a non-light-emitting organic semiconductor
device, and the like. Specifically, the present invention
relates to a compound having a condensed cyclic skeleton
including at least two heterocyclic rings, a compound which
is an intermediate compound of the above compound, an
organic transistor, an organic semiconductor material for a
non-light-emitting organic semiconductor device, a material
for an organic transistor, a coating solution for a non-light-
emitting organic semiconductor device, and an organic
semiconductor film for a non-light-emitting organic semi-
conductor device.

[0004] 2. Description of the Related Art

[0005] The devices using organic semiconductor materials
are drawing great attention because they are expected to be
superior in various aspects to the devices using inorganic
semiconductor materials of the related art such as silicon.
Examples of the devices using organic semiconductor mate-
rials include a photoelectric conversion element such as an
organic thin film solar cell or a solid-state imaging element
using organic semiconductor materials as photoelectric con-
version materials, an organic transistor (referred to as an
organic thin-film transistor in some cases) having non-light-
emitting properties (in the present specification, “non-light-
emitting” refers to properties by which a luminous efficiency
of equal to or less than 1 Im/W is obtained in a case where
electric currents are applied to a device at a current density
of 0.1 mW/cm? at room temperature in the atmosphere;
non-light-emitting organic semiconductor devices mean
organic semiconductor devices excluding light-emitting
organic semiconductor devices such as organic electrolumi-
nescence elements), and the like. The devices using organic
semiconductor materials are likely to make it possible to
prepare large area elements at lower temperature and lower
costs compared to the devices using inorganic semiconduc-
tor materials. Furthermore, the characteristics of the mate-
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rials can be easily changed by varying the molecular struc-
ture thereof. Therefore, the materials show a wide variation
and can realize functions or elements that cannot be obtained
by inorganic semiconductor materials.

[0006] For example, EP2251342A1 describes that if a
polymer using a low-molecular weight compound such as a
benzobisbenzothiophene derivative is used in an organic
transistor, sufficient charge transport properties can be
exhibited, and the compound exhibits excellent solubility in
a solvent. However, EP2251342A1 describes neither the
specific structure of the low-molecular weight compound
such as a benzobisbenzothiophene derivative nor the inter-
mediate thereof.

[0007] EP2301926A1 and EP2301921A1 describe thatifa
benzobisbenzothiophene derivative or the like is used as a
material of an organic electro-luminescence (organic EL)
element, luminescence efficiency becomes high, and the
element has long service life. However, in EP2301926A1
and EP2301921A1, an investigation into the application of
the benzobisbenzothiophene derivative or the like to an
organic transistor is not carried out.

[0008] KR10-2012-0120886A describes that if a benzo-
bisbenzothiophene derivative or the like is used in an
organic EL element or an organic photoelectric conversion
element, luminescence efliciency becomes high, driving
voltage is lowered, and color is excellently developed.
However, in KR10-2012-0120886A, an investigation into
the application of the benzobisbenzothiophene derivative or
the like to an organic transistor is not carried out.

[0009] Tetrahedron Lett., 1973 (17), 1561 discloses dim-
ethyl-substituted benzobisbenzothiophene. However, in the
document, only the generation of the compound by a pho-
toreaction is confirmed, and the application of the compound
to an organic transistor is not described.

[0010] Rao, Tilak, Journal of Scientific and Industrial
Research, 1958, vol. 17 B, pp. 260-265 and Kudo, Hirotaka;
Tedjamulia, Marvin L.; Castle, Raymond N.; Lee, Milton L.,
Journal of Heterocyclic Chemistry, 1984, vol. 21, pp. 185-
192 disclose unsubstituted benzobisbenzothiophene.

SUMMARY OF THE INVENTION

[0011] Being useful as an organic EL, element material
does not mean being useful as a semiconductor material for
an organic transistor, because the characteristics required for
the organic compound vary between the organic EL element
and the organic transistor. In the organic EL element,
charges need to be transported in the film thickness direction
(generally, several nanometers to hundreds of nanometers)
of a general film. In contrast, in the organic transistor,
charges (carriers) need to be transported a long distance
between electrodes (generally, several micrometers to hun-
dreds of micrometers) in the film plane direction, and hence
extremely high carrier mobility is required. Accordingly, as
the semiconductor material for an organic transistor, an
organic compound showing highly ordered molecular
arrangement and having high crystallinity is required. Fur-
thermore, for the expression of high carrier mobility, the
n-conjugate plane thereof is preferably upright against a
substrate. On the other hand, for the organic EL element, in
order to improve the luminous efficiency, an element having
high luminous efficiency and uniformly emitting light in
plane is required. Generally, an organic compound having
high crystallinity causes luminescence defectiveness such as
nonuniform in-plane electric field intensity, nonuniform
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luminescence, and quenching of luminescence. Therefore,
as the material for an organic EL element, those having low
crystallinity but having high amorphousness are desirable.
Consequently, the use of the organic compound constituting
the organic EL element material as an organic semiconduc-
tor material does not ensure that excellent transistor char-
acteristics can be obtained.

[0012] In addition, likewise, being useful as an organic
photoelectric conversion element does not mean being use-
ful as a semiconductor material for an organic transistor for
which extremely high carrier mobility is required.

[0013] Under the circumstances described above, the
inventors of the present invention conducted an investiga-
tion into the use of the compounds described in the afore-
mentioned documents into a semiconductor active layer of
an organic transistor. As a result, the inventors found that the
compounds show low carrier mobility in most cases, exhibit
low solubility in an organic solvent, and do not enable the
formation of the semiconductor active layer of the organic
transistor by a solution film formation method.

[0014] Therefore, in order to solve the aforementioned
problems of the related art, the inventors of the present
invention continued the investigation. An object of the
present invention is to provide an organic transistor using a
compound which results in high carrier mobility when being
used in a semiconductor active layer of an organic transistor
and exhibits high solubility in an organic solvent.

[0015] As a result of conducting thorough investigation
for achieving the above objects, the inventors of the present
invention obtained knowledge that by investigating various
types of substituents for a condensed cyclic skeleton, that is,
a mother nucleus, substituting the mother nucleus with at
least one of the substituents represented by Formula (W) in
particular, and limiting the substituents to specific substitu-
ents in a case where substituents (R* and R® in Formula (1)
of the present invention) are present in a short axis direction
of a molecule, a compound is obtained which results in high
carrier mobility when being used in a semiconductor active
layer of an organic transistor and exhibits high solubility in
an organic solvent. Based on the knowledge, the inventors
accomplished the present invention.

[0016] The present invention as specific means for achiev-
ing the aforementioned object is constituted as below.
[0017] [1] An organic transistor comprising a compound
represented by the following Formula (1) in a semiconductor
active layer:

Formula (1)

[0018]
[0019]

in Formula (1),

each X independently represents an O atom, a S
atom, or a Se atom,

[0020] each of p and q independently represents an integer
of 0 to 2,
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[0021] each of R* to R'®, R%, and R® independently rep-
resents a hydrogen atom, a halogen atom, or a substituent
re}presented by the followin_g Formula (W), at least one of
RLURYL R RL R RS RLRL R R, R, or R is a
substituent represented by Formula (W), and in a case where
at least one of R® or R is a substituent represented by
Formula (W), L in Formula (W) represented by R* and R®
is a divalent linking group represented by the following
Formula (L-2) or (L-3);

-L-R Formula (W)

[0022] in Formula (W),

[0023] L represents a divalent linking group represented
by any one of the following Formulae (L-1) to (L-25) or a
divalent linking group in which two or more divalent linking
groups represented by any one of the following Formulae
(L-1) to (L-25) are bonded to each other, and

[0024] R represents a substituted or unsubstituted alkyl
group, a cyano group, a vinyl group, an ethynyl group, an
oxyethylene group, an oligo-oxyethylene group in which a
repetition number v of an oxyethylene unit is equal to or
greater than 2, a siloxane group, an oligosiloxane group
having two or more silicon atoms, or a substituted or
unsubstituted trialkylsilyl group;
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-continued

(L-20)

(L-21)

(L-22)

(L-23)

(L-24)

(L-25)

RS in

[0025] in Formulae (L-1) to (L-25),

[0026] the portion of a wavy line represents a position of
bonding to a condensed cyclic skeleton,

[0027] m in Formula (L-13) represents 4, m in Formulae
(L-14) and (L.-15) represents 3, m in Formulae (I.-16) to
(L-20) represents 2, m in Formula (L-22) represents 6,
[0028] each R'in Formulae (L-1), (L-2), (L-6), and (L-13)
to (L-24) independently represents a hydrogen atom or a
substituent,

[0029] R represents a hydrogen atom or a substituent, and
[0030] each R independently represents a hydrogen
atom, an alkyl group, an alkenyl group, or an alkynyl group.
[0031] [2] The organic transistor described in [1], in which
in Formula (1), each of R', R* to R7, R!°, R%, and R” is
preferably independently a hydrogen atom or a halogen
atom,

[0032] each of R% R?, R®, and R? is preferably indepen-
dently a hydrogen atom, a halogen atom, or a substituent
represented by Formula (W), and at least one of R, R?, R,
or R® is preferably a substituent represented by Formula
W)

[0033] [3] The organic transistor described in [1] or [2], in
which in Formula (1), each of p and q is preferably inde-
pendently 0 or 1.
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[0034] [4] The organic transistor described in any one of
[1] to [3], in which in Formula (1), p and q preferably satisfy
p=q=0 or p=q=1.

[0035] [5] The organic transistor described in any one of
[1] to [4], in which the compound represented by Formula
(1) is preferably a compound represented by the following
Formula (2-1):

Formula (2-1)

[0036] 1in Formula (2-1),

[0037] each X independently represents an O atom, a S
atom, or a Se atom,

[0038] each of R', R® to R®, and R'® independently rep-
resents a hydrogen atom or a halogen atom,

[0039] each of R? and R® is independently a hydrogen
atom, a halogen atom, or a substituent represented by the
following Formula (W), at least one of R* or R® is a
substituent represented by Formula (W), and in a case where
a substituent represented by Formula (W) is an alkyl group,
the substituent represented by Formula (W) is limited to a
linear alkyl group having 4 to 18 carbon atoms or a branched
alkyl group having 4 or more carbon atoms,

-L-R Formula (W)

[0040] in Formula (W),

[0041] L represents a divalent linking group represented
by any one of the following Formulae (L-1) to (L-25) or a
divalent linking group in which two or more divalent linking
groups represented by any one of the following Formulae
(L-1) to (L-25) are bonded to each other, and

[0042] R represents a substituted or unsubstituted alkyl
group, a cyano group, a vinyl group, an ethynyl group, an
oxyethylene group, an oligo-oxyethylene group in which a
repetition number v of an oxyethylene unit is equal to or
greater than 2, a siloxane group, an oligosiloxane group
having two or more silicon atoms, or a substituted or
unsubstituted trialkylsilyl group;
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-continued

(L-17)

(L-18)

(L-19)

(L-20)

(L-21)

(L-22)

(L-23)

(L-24)

(L-25)

[0043] in Formulae (L-1) to (L-25),
[0044] the portion of a wavy line represents a position of
bonding to a condensed cyclic skeleton,

[0045] m in Formula (L-13) represents 4, m in Formulae
(L-14) and (L-15) represents 3, m in Formulae (L-16) to
(L-20) represents 2, m in Formula (1.-22) represents 6,
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[0046] each R'in Formulae (L-1), (L-2), (L-6), and (L-13)
to (L-24) independently represents a hydrogen atom or a
substituent,

[0047] R represents a hydrogen atom or a substituent, and
[0048] each R* independently represents a hydrogen
atom, an alkyl group, an alkenyl group, or an alkynyl group.
[0049] [6] The organic transistor described in any one of
[1] to [4], in which the compound represented by Formula
(1) is preferably a compound represented by the following
Formula (2-2):

Formula (2-2)

[0050] in Formula (2-2),

[0051] each X independently represents an O atom, a S
atom, or a Se atom,

[0052] each of R', R* to R”, R', R? and R” is indepen-
dently a hydrogen atom or a halogen atom,

[0053] each of R% R R®, and R® independently repre-
sents a hydrogen atom, a halogen atom, or a substituent
represented by the following Formula (W), and at least one
of R?, R?, R?, or R® represents a substituent represented by
Formula (W).

-L-R Formula (W)

[0054] in Formula (W),

[0055] L represents a divalent linking group represented
by any one of the following Formulae (L-1) to (L-25) or a
divalent linking group in which two or more divalent linking

groups represented by any one of the following Formulae
(L-1) to (L-25) are bonded to each other, and

[0056] R represents a substituted or unsubstituted alkyl
group, a cyano group, a vinyl group, an ethynyl group, an
oxyethylene group, an oligo-oxyethylene group in which a
repetition number v of an oxyethylene unit is equal to or
greater than 2, a siloxane group, an oligosiloxane group
having two or more silicon atoms, or a substituted or
unsubstituted trialkylsilyl group;

(L-1
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(L-19)

(L-20)

(L-21)

(L-22)

(L-23)

(L-24)

(L-25)

[0057] in Formulae (L-1) to (L-25),
[0058] the portion of a wavy line represents a position of
bonding to a condensed cyclic skeleton,

[0059] m in Formula (L-13) represents 4, m in Formulae
(L-14) and (L-15) represents 3, m in Formulae (L-16) to
(L-20) represents 2, m in Formula (I-22) represents 6,
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[0060] each R'in Formulae (L-1), (L-2), (L-6), and (L-13)
to (L-24) independently represents a hydrogen atom or a
substituent,

[0061] R represents a hydrogen atom or a substituent, and
[0062] each R* independently represents a hydrogen
atom, an alkyl group, an alkenyl group, or an alkynyl group.
[0063] [7] The organic transistor described in any one of
[1] to [6], in which in Formulae (1), (2-1), and (2-2), X is
preferably a S atom.

[0064] [8] The organic transistor described in any one of
[1] to [7], in which in Formulae (1), (2-1), and (2-2), both of
R? and R are preferably a substituent represented by For-
mula (W), and both of R? and R® are preferably a hydrogen
atom or a halogen atom, or

[0065] both of R® and R* are preferably a substituent
represented by Formula (W), and both of R* and R are
preferably a hydrogen atom or a halogen atom.

[0066] [9] The organic transistor described in any one of
[1] to [8], in which both of R? and R® are a substituent
represented by Formula (W), and both of R® and R® are
preferably a hydrogen atom.

[0067] [10] The organic transistor described in any one of
[1] to [9], in which the total number of carbon atoms
contained in a group represented by Formula (W) is pref-
erably 4 to 18.

[0068] [11] The organic transistor described in any one of
[1] to [10], in which in Formula (W), L is preferably a
divalent linking group represented by any one of Formulae
(L-1) to (L-4) or a divalent linking group in which a divalent
linking group represented by any one of Formulae (L-2) to
(L-4) is bonded to a divalent linking group represented by
Formula (L-1).

[0069] [12] The organic transistor described in any one of
[1] to [11], in which in Formula (W), L is preferably a
divalent linking group represented by Formula (L-1), and R
is preferably a substituted or unsubstituted alkyl group.
[0070] [13] A compound represented by the following
Formula (2-1):

Formula (2-1)

[0071] in Formula (2-1),

[0072] each X independently represents an O atom, a S
atom, or a Se atom,

[0073] each of R', R? to R®, and R'® independently rep-
resents a hydrogen atom or a halogen atom,

[0074] each of R* and R’ is independently a hydrogen
atom, a halogen atom, or a substituent represented by the
following Formula (W), at least one of R* or R® is a
substituent represented by Formula (W), and in a case where
a substituent represented by Formula (W) is an alkyl group,
the substituent represented by Formula (W) is limited to a
linear alkyl group having 4 to 18 carbon atoms or a branched
alkyl group having 4 or more carbon atoms.

I-R Formula (W)
[0075] in Formula (W),

[0076] L represents a divalent linking group represented
by any one of the following Formulae (L-1) to (L-25) or a
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divalent linking group in which two or more divalent linking
groups represented by any one of the following Formulae
(L-1) to (L-25) are bonded to each other, and

[0077] R represents a substituted or unsubstituted alkyl
group, a cyano group, a vinyl group, an ethynyl group, an
oxyethylene group, an oligo-oxyethylene group in which a
repetition number v of an oxyethylene unit is equal to or
greater than 2, a siloxane group, an oligosiloxane group
having two or more silicon atoms, or a substituted or
unsubstituted trialkylsilyl group;
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-continued -continued
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" [0078] in Formulae (L-1) to (L-25),

N (L-16) [0079] the portion of a wavy line represents a position of

e bonding to a condensed cyclic skeleton,
,> [0080] m in Formula (L-13) represents 4, m in Formulae
\ I\II/\R'm (L-14) and (L-15) represents 3, m in Formulae (L-16) to
(L-20) represents 2, m in Formula (L-22) represents 6,
1D 10081] each R’ in Formulae (L-1), (L-2), (L-6), and (L-13)
o to (L.-24) independently represents a hydrogen atom or a
\ substituent,

\ /’\ , [0082] R represents a hydrogen atom or a substituent, and
|J [0083] each R* independently represents a hydrogen
Ry, atom, an alkyl group, an alkenyl group, or an alkynyl group.

(L-18) [0084] [14] A compound represented by the following
Formula (2-2):
S} Formula (2-2)
R“m
(L-19)
Se
2
R“m
(1-20) [0085] in Formula (2-2),
RY [0086] each X independently represents an O atom, a S
| atom, or a Se atom,
N [0087] each of R', R* to R7, R'°, R% and R? is indepen-

\ l* dently a hydrogen atom or a halogen atom,
|J/ [0088] each of R% R RS, and R® independently repre-
R, sents a hydrogen atom, a halogen atom, or a substituent

L) represented by the following Formula (W), and at least one

P24
\\/

N

of R*, R?, R¥, or R represents a substituent represented by
Formula (W).

-L-R Formula (W)
[0089] in Formula (W),

[0090] L represents a divalent linking group represented
by any one of the following Formulae (L-1) to (L-25) or a
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divalent linking group in which two or more divalent linking
groups represented by any one of the following Formulae
(L-1) to (L-25) are bonded to each other, and

[0091] R represents a substituted or unsubstituted alkyl
group, a cyano group, a vinyl group, an ethynyl group, an
oxyethylene group, an oligo-oxyethylene group in which a
repetition number v of an oxyethylene unit is equal to or
greater than 2, a siloxane group, an oligosiloxane group
having two or more silicon atoms, or a substituted or
unsubstituted trialkylsilyl group:;
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-continued
(L-23)

(0]
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(1-24)

(L-25)

Rsi Rsi

[0092] in Formulae (L-1) to (L-25),

[0093] the portion of a wavy line represents a position of
bonding to a condensed cyclic skeleton,

[0094] m in Formula (L-13) represents 4, m in Formulae
(L-14) and (L-15) represents 3, m in Formulae (L-16) to
(L-20) represents 2, m in Formula (L-22) represents 6,
[0095] each R'in Formulae (L-1), (L-2), (L-6), and (L-13)
to (L-24) independently represents a hydrogen atom or a
substituent,

[0096] RY represents a hydrogen atom or a substituent, and
[0097] each R* independently represents a hydrogen
atom, an alkyl group, an alkenyl group, or an alkynyl group.
[0098] [15] The compound described in [13] or [14], in
which in Formulae (2-1) and (2-2), X is preferably a S atom.
[0099] [16] The compound described in any one of [13] to
[15], in which in Formulae (2-1) and (2-2), both of R* and
R? are preferably a substituent represented by Formula (W),
and both of R? and R® are preferably a hydrogen atom or a
halogen atom, or

[0100] both of R® and R® are preferably a substituent
represented by Formula (W), and both of R* and R® are
preferably a hydrogen atom or a halogen atom.

[0101] [17] The compound described in any one of [13] to
[16], in which both of R* and R® are preferably a substituent
represented by Formula (W), and both of R* and R® are
preferably a hydrogen atom.

[0102] [18] The compound described in any one of [13] to
[17], in which the total number of carbon atoms contained
in a group represented by Formula (W) is preferably 4 to 18.
[0103] [19] The compound described in any one of [13] to
[18], in which in Formula (W), L is preferably a divalent
linking group represented by any one of Formulae (L-1) to
(L-4) or a divalent linking group in which a divalent linking
group represented by any one of Formulae (L-2) to (L-4) is
bonded to a divalent linking group represented by Formula
(L-D.

[0104] [20] The compound described in any one of [13] to
[19], in which in Formula (W), L is preferably a divalent
linking group represented by Formula (L-1), and R is
preferably a substituted or unsubstituted alkyl group.
[0105] [21] An organic semiconductor material for a non-
light-emitting organic semiconductor device, comprising the
compound represented by Formula (1) described in any one
of [1] to [12].

[0106] [22] A material for an organic transistor, compris-
ing the compound represented by Formula (1) described in
any one of [1] to [12].
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[0107] [23] A coating solution for a non-light-emitting
organic semiconductor device, comprising the compound
represented by Formula (1) described in any one of [1] to
[12].

[0108] [24] A coating solution for a non-light-emitting
organic semiconductor device, comprising the compound
represented by Formula (1) described in any one of [1] to
[12] and a polymer binder.

[0109] [25] An organic semiconductor film for a non-light-
emitting organic semiconductor device, comprising the
compound represented by Formula (1) described in any one
of [1] to [12].

[0110] [26] An organic semiconductor film for a non-light-
emitting organic semiconductor device, comprising the
compound represented by Formula (1) described in any one
of [1] to [12] and a polymer binder.

[0111] [27] The organic semiconductor film for a non-
light-emitting organic semiconductor device described in
[25] or [26] that is preferably prepared by a solution coating
method.

[0112] [28] A compound represented by the following
Formula (M1):

Formula (M1)
Y! Y?
N S
* T 2
e ~—, ~,
Y? h I4 1 2 q }Y“
[0113] in Formula (M1),

[0114] each of Y* to Y* independently represents a halo-
gen atom, an alkoxy group, an acyloxy group, a hydroxy
group, or a sulfonyl group,

[0115] each of * and *2 independently represents a posi-
tion in which each of Y and Y* can be substituted,

[0116] each of p and q independently represents an integer
of 0 to 2, and
[0117] each of rl and r2 independently represents an

integer of 0 to 2.

[0118] [28-1] The compound described in [28], in which in
the Formula (M1), each of Y* and Y? is preferably indepen-
dently a bromine atom or an iodine atom, and each of Y> and
Y* is preferably independently a chlorine atom or an alkoxy
group.

[0119] [29] A compound represented by the following
Formula (M2):

Formula (M2)

[0120]

in Formula (M2),
[0121] each of Y and Y* independently represents a
halogen atom, an alkoxy group, an acyloxy group, a hydroxy
group, or a sulfonyl group,
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[0122] each of * and *2 independently represents a posi-
tion in which each of Y and Y* can be substituted,

[0123] each of p and q independently represents an integer
of 0 to 2, and
[0124] each of rl and r2 independently represents an

integer of 0 to 2.

[0125] [29-1] The compound described in [29], in which
in the Formula (M2), each of Y* and Y* is preferably
independently a chlorine atom, an alkoxy group, a hydroxy
group, or a sulfonyl group.

[0126] [30] The compound described in any one of [28],
[28-1], [29], and [29-1] that is preferably an intermediate
compound of the compound represented by Formula (1)
described in any one of [1] to [12].

[0127] According to the present invention, it is possible to
provide an organic transistor using a compound which
results in high carrier mobility when being used in a semi-
conductor active layer of the organic transistor and exhibits
high solubility in an organic solvent.

BRIEF DESCRIPTION OF THE DRAWINGS

[0128] FIG. 1 isa schematic view showing a section of an
exemplary structure of an organic transistor of the present
invention.

[0129] FIG. 2 is a schematic view showing a section of a
structure of the organic transistor manufactured as a sub-
strate for measuring FET characteristics in examples of the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0130] Hereinafter, the present invention will be specifi-
cally described. The constituents described below will be
explained based on representative embodiments or specific
examples, but the present invention is not limited to the
embodiments. In the present specification, a range of
numerical values described using “to” means a range includ-
ing the numerical values listed before and after “to” as a
lower limit and an upper limit respectively.

[0131] In the present invention, unless otherwise speci-
fied, a hydrogen atom used in the description of each
formula represents a hydrogen atom including an isotope
(deuterium atom or the like). Furthermore, an atom consti-
tuting a substituent represents an atom including an isotope
thereof.

[0132] [Organic Transistor]

[0133] An organic transistor of the present invention con-
tains a compound represented by the following Formula (1)
in a semiconductor active layer.

Formula (1)

[0134]
[0135]

in Formula (1),
each X independently represents an O atom, a S
atom, or a Se atom,
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[0136] each of p and q independently represents an integer
of 0to 2,

[0137] each of R' to R'®, R%, and R® independently rep-
resents a hydrogen atom, a halogen atom, or a substituent
re]presented by the following Formula (W), at least one of
R', R*, R*, R, R°, RS, R", R, R®, R, R*, or R is a
substituent represented by Formula (W), and in a case where
at least one of R’ or R® is a substituent represented by
Formula (W), I in Formula (W) represented by R and R®
is a divalent linking group represented by the following
Formula (L.-2) or (L-3);

-L-R Formula (W)

[0138] in Formula (W),

[0139] L represents a divalent linking group represented
by any one of the following Formulae (L-1) to (L-25) or a
divalent linking group in which two or more divalent linking
groups represented by any one of the following Formulae
(L-1) to (L-25) are bonded to each other, and

[0140] R represents a substituted or unsubstituted alkyl
group, a cyano group, a vinyl group, an ethynyl group, an
oxyethylene group, an oligo-oxyethylene group in which a
repetition number v of an oxyethylene unit is equal to or
greater than 2, a siloxane group, an oligosiloxane group
having two or more silicon atoms, or a substituted or
unsubstituted trialkylsilyl group;

@D
CRH—*
L-2)
rf{%}{’\
R
L-3)
L-4)
O —
L-5)
S JE—
L-6)
N_ &
R
@-7
0
L-8)
O\ .
0
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[0141] in Formulae (L-1) to (L-25),

[0142] the portion of a wavy line represents a position of
bonding to a condensed cyclic skeleton,

[0143] m in Formula (L-13) represents 4, m in Formulae
(L-14) and (L-15) represents 3, m in Formulae (L-16) to
(L-20) represents 2, m in Formula (L-22) represents 6,
[0144] each R'in Formulae (L-1), (L-2), (L-6), and (L-13)
to (L-24) independently represents a hydrogen atom or a
substituent,

[0145] R represents a hydrogen atom or a substituent, and
[0146] each R* independently represents a hydrogen
atom, an alkyl group, an alkenyl group, or an alkynyl group.
[0147] The compound represented by Formula (1) having
the structure described above exhibits high solubility in an
organic solvent. By containing the compound represented by
Formula (1) in a semiconductor active layer, the organic
transistor of the present invention has high carrier mobility.
[0148] Herein, EP2251342A1 (or JP2009-190999A)
mainly focuses on a polymer having the skeleton of a
benzobisbenzothiophene derivative or the like as a consti-
tutional unit. However, EP2251342A1 does not have
descriptions or examples showing the specific structure of
the low-molecular weight compound. Furthermore, in Claim
1 of EP2251342A1, a compound is described which essen-
tially has at least one substituent having a specific structure
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(an alkyl group, an alkoxy group, an alkylthio group, an
alkylamino group, an alkoxycarbonyl group in which an
alkyl moiety has 3 or more carbon atoms, an aryl group
which may have a substituent, or a monovalent heterocyclic
group or cyano group which may have a substituent) in a
short axis direction of the molecule (R*! and R*? in Formula
(1) of EP2251342A1). However, in such a compound, the
intermolecular distance increases when the compound is
crystallized, and thus overlapping of HOMO does not suf-
ficiently occur between molecules. In addition, although
Example 4 of EP2251342A1 describes the use of such a
compound in an organic transistor, it does not disclose the
results obtained by actually measuring carrier mobility.
According to the investigation conducted by the inventors of
the present invention, with the low-molecular weight com-
pound described in EP2251342A1, it is difficult to obtain
sufficient transistor characteristics, that is, high carrier
mobility.

[0149] EP2301926A1 mainly focuses on a polycyelic con-
densed compound for an organic EL element, and does not
describe a case where the compound described in the
examples of EP2301926A1 is used in an organic transistor.
Even if the compound is used, because the compound is an
OLED material supposed to be subjected to a vapor depo-
sition process, the solubility thereof in a general organic
solvent would be low. In addition, according to the inves-
tigation conducted by the inventors of the present invention,
carrier mobility of the compound is low.

[0150] Incontrast, regarding the compound represented by
Formula (1), by investigating various types of substituents
for a condensed cyclic skeleton, that is, a mother nucleus
such that overlapping of HOMO sufficiently occurs between
molecules at the time of crystallization, substituting the
compound with at least one of the groups represented by
Formula (W) in particular, and limiting the substituents to
specific substituents in a case where the substituents (R and
R Formula (1) of the present invention) are present in a
short axis direction of the molecule, the compound results in
high carrier mobility when being used in a semiconductor
active layer of an organic transistor and exhibits high
solubility in an organic solvent. In order to improve the
solubility in a general organic solvent, it is effective to
introduce a group represented by Formula (W) into the
compound, and in this way, the accomplishment of both of
high mobility and high solubility that has been difficult so far
can be realized.

[0151] It is preferable that the organic transistor of the
present invention using the compound represented by For-
mula (1) shows only a slight threshold voltage shift after
repeated driving. In order to reduce the threshold voltage
shift after repeated driving, HOMO of the organic semicon-
ductor material needs not to be too shallow or too deep.
Furthermore, the chemical stability (particularly, resistance
against air oxidation and stability against oxidation and
reduction) of the organic semiconductor material, the heat
stability of the film state, the high film density which makes
it difficult for air or moisture to permeate the film, the film
quality by which the film has small defectiveness such that
charge accumulation does not easily occur, and the like are
required. It is considered that because the compound repre-
sented by Formula (1) satisfies the aforementioned require-
ments, the organic transistor shows only a slight threshold
voltage shift after repeated driving. That is, in the organic
transistor showing only a slight threshold voltage shift after
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repeated driving, the semiconductor active layer has high
chemical stability, high film density, and the like, and thus
the organic transistor can effectively function as a transistor
over a long period of time.

[0152] Hereinafter, preferred aspects of the compound of
the present invention, the organic transistor of the present
invention, and the like will be described.

[0153] <Compound Represented by Formula (1)>

[0154] The organic transistor of the present invention
contains the compound represented by Formula (1) in a
semiconductor active layer which will be described later.
Among compounds represented by Formula (1), a com-
pound represented by Formula (2-1) which will be described
later and a compound represented by Formula (2-2) which
will be described later are novel compounds. The compound
represented by Formula (2-1) and the compound represented
by Formula (2-2) are collectively called the compound of the
present invention. The compound represented by Formula
(1), particularly, the compound of the present invention is
contained in a semiconductor active layer, which will be
described later, in the organic transistor of the present
invention. That is, the compound represented by Formula
(1), particularly, the compound of the present invention can
be used as a material for an organic transistor.

Formula (1)

[0155]
O atom, a S atom, or a Se atom. each X is preferably
independently an O atom or a S atom. From the viewpoint
of improving the carrier mobility, it is more preferable that
at least one of X’s is a S atom. X’s are preferably the same
linking group. It is particularly preferable that all of X’s are
a S atom.

In Formula (1), each X independently represents an

[0156] In Formula (1), each of p and q independently
represents an integer of 0 to 2. From the viewpoint of
accomplishing both of mobility and solubility, it is prefer-
able that each of p and q is 0 or 1. It is more preferable that
p and q satisfy p=q=0 or p=g=1.

[0157] In Formula (1), each of R* to R*°, R%, and R’
independently represents a hydrogen atom, a halogen atom,
or a substituent represented by the following Formula (W),
at least one of R, R% R?, R* R® RS, R7, R%, R®, R, R?,
or R? is a substituent represented by Formula (W), and in a
case where at least one of R® or R® is a substituent repre-
sented by Formula (W), L in Formula (w) represented by R®
and R® is a divalent linking group represented by the
following Formula (L-2) or (L-3);

-L-R Formula (W)
[0158] in Formula (W),
[0159] L represents a divalent linking group represented

by any one of the following Formulae (L-1) to (L-25) or a
divalent linking group in which two or more divalent linking
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groups represented by any one of the following Formulae
(L-1) to (L-25) are bonded to each other, and

[0160] R represents a substituted or unsubstituted alkyl
group, a cyano group, a vinyl group, an ethynyl group, an
oxyethylene group, an oligo-oxyethylene group in which a
repetition number v of an oxyethylene unit is equal to or
greater than 2, a siloxane group, an oligosiloxane group
having two or more silicon atoms, or a substituted or
unsubstituted trialkylsilyl group;
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[0161] in Formulae (L-1) to (L-25),

[0162] the portion of a wavy line represents a position of
bonding to a condensed cyclic skeleton,

[0163] m in Formula (L-13) represents 4, m in Formulae
(L-14) and (L-15) represents 3, m in Formulae (L-16) to
(L-20) represents 2, m in Formula (L-22) represents 6,
[0164] each R'in Formulae (L-1), (L-2), (L-6), and (L-13)
to (L-24) independently represents a hydrogen atom or a
substituent,

[0165] R” represents a hydrogen atom or a substituent, and
[0166] each R independently represents a hydrogen
atom, an alkyl group, an alkenyl group, or an alkynyl group.
[0167] In Formula (1), each of R* to R'®, R% and R’
independently represents a hydrogen atom, a halogen atom,
or a substituent represented by the following Formula (W),
at least one of R, R, R?, R*, R, RS, R7, R®, R?, R'°, R”,
and R? represents a group represented by Formula (W), and
in a case where at least one of R> or R is a substituent
represented by Formula (W), L in Formula (W) represented
by R® and R is a divalent linking group represented by the
following Formula (L-2) or (L-3).

[0168] The case where at least one of R® or R® is a
substituent represented by Formula (W) corresponds to a
case where none of R® and R® are a hydrogen atom or a
halogen atom.

[0169] In a case where at least one of R®> or R® is a
substituent represented by Formula (W), L in Formula (W)
represented by R and R® is preferably a divalent linking
group represented by the following Formula (L-3).

[0170] In a case where at least one of R® or R° is a
substituent represented by Formula (W), both of R® and R®
are preferably a substituent represented by Formula (W).
[0171] In a case where both of R® and R® are a hydrogen
atom or a halogen atom, each of R! to R*, R” to R'%, R%, and
R” is a hydrogen atom, a halogen atom, or a substituent
represented by Formula (W), and at least one or more of R!,
R2, R3, R R7, R® R’ R'°, R% or R® are a substituent
represented by Formula (W).

[0172] In Formula (1), examples of the halogen atom
represented by R* to R'°, R¢, and R include a fluorine atom,
a chlorine atom, a bromine atom, and an iodine atom. The
halogen atom is preferably a fluorine atom, a chlorine atom,
or a bromine atom, more preferably a fluorine atom or a
chlorine atom, and particularly preferably a fluorine atom.
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[0173] 1In the compound represented by Formula (1), the
number of halogen atoms represented by R' to R'®, R“, and
R? is preferably 0 to 4, more preferably 0 to 2, particularly
preferably 0 or 1, and more particularly preferably 0.

[0174] The group represented by Formula (W) that R to
R'®, R% and R® in Formula (1) represent will be described.

-L-R Formula (W)
[0175] in Formula (W), L represents a divalent linking
group represented by any one of the following Formulae
(L-1) to (L-25) or a divalent linking group in which two or
more divalent linking groups represented by any one of the
following Formulae (L-1) to (L-25) are bonded to each
other, and

[0176] R represents a substituted or unsubstituted alkyl
group, a cyano group, a vinyl group, an ethynyl group, an
oxyethylene group, an oligo-oxyethylene group in which a
repetition number v of an oxyethylene unit is equal to or
greater than 2, a siloxane group, an oligosiloxane group
having two or more silicon atoms, or a substituted or
unsubstituted trialkylsilyl group:
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[0177] in Formulae (L-1) to (L-25), the portion of a wavy
line represents a position of bonding to a condensed cyclic
skeleton,

[0178] m in Formula (L-13) represents 4, m in Formulae
(L-14) and (L-15) represents 3, m in Formulae (L-16) to
(L-20) represents 2, m in Formula (L-22) represents 6,
[0179] each R'in Formulae (L-1), (L-2), (L-6), and (L-13)
to (L-24) independently represents a hydrogen atom or a
substituent,

[0180] R” represents a hydrogen atom or a substituent, and
[0181] each R* independently represents a hydrogen
atom, an alkyl group, an alkenyl group, or an alkynyl group.
[0182] In Formula (W), L is a divalent linking group
represented by any one of the following Formulae (I-1) to
(L-25) or a divalent linking group in which two or more
divalent linking groups represented by any of the following
Formulae (L-1) to L-25) are bonded to each other.
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[0183] In Formulae (L-1) to (L-25), the portion of a wavy
line represents a position of bonding to a condensed cyclic
skeleton. Here, in a case where L represents a divalent
linking group in which two or more divalent linking groups
represented by any one of Formulae (L-1) to (L-25) are
bonded to each other, the portion of a wavy line represents
a position of bonding to * of a divalent linking group
represented by any of Formulae (L-1) to (L-25).

[0184] InFormulae (L-1) to (L-25), * represents a position
of bonding to any one of the portion of a wavy line and R
in a divalent linking group represented by any of Formulae
(L-1) to (L-25).

[0185] m in Formula (L.-13) represents 4, m in Formulae
(L-14) and (L-15) represents 3, m in Formulae (L-16) to
(L-20) represents 2, and m in Formula (.-22) represents 6.
[0186] EachR'inFormulae (L-1), (L-2), (L-6), and (L-13)
to (L-24) independently represents a hydrogen atom or a
substituent.

[0187] InFormulae (L-1)to (L-25), RY represents a hydro-
gen atom or a substituent.

[0188] In Formulae (L-1) to (L-25), each R™ indepen-
dently represents a hydrogen atom, an alkyl group, an
alkenyl group, or an alkynyl group.

[0189] In Formulae (L-1) to (L-2), each R' may form a
condensed ring by being bonded to R adjacent to L.
[0190] A divalent linking group represented by any of
Formulae (L-17) to (L-21), (L-23), and (L-24) is more
preferably a divalent linking group represented by any of the
following Formulae (L-17A) to (L-21A), (L-23A), and
(L-244).
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[0191] Ina case where a substituted or unsubstituted alkyl
group, an oxyethylene group, an oligo-oxyethylene group in
which a repetition number v of an oxyethylene unit is equal
to or greater than 2, a siloxane group, an oligosiloxane group
having two or more silicon atoms, or a substituted or
unsubstituted trialkylsilyl group is present on the terminal of
the substituent represented by Formula (W), the substituent
can be interpreted as either a substituent consisting of only
—R in Formula (W) or a substituent consisting of —R-L in
Formula (W).

[0192] In the present invention, in a case where a substi-
tuted or unsubstituted alkyl group whose main chain consists
of N carbon atoms is present on the terminal of the sub-
stituent represented by Formula (W), the substituent is
interpreted as -L-R in Formula (W) by including as much
linking groups represented by —CR?,— as possible in R
from the terminal of the substituent represented by Formula
(W), and is not interpreted as a substituent composed solely
of —R. Herein, R¥ represents a hydrogen atom or a sub-
stituent. Specifically, the substituent is interpreted as a
substituent in which “one (L-1) corresponding to L in
Formula (W)” is bonded to “a substituted or unsubstituted
alkyl group corresponding to R in Formula (W) having a
main chain consisting of (N-1) carbon atoms”. For example,
in a case where a n-octyl group as an alkyl group having 8
carbon atoms is present on the terminal of the substituent,
the substituent is interpreted as a substituent in which one
(L-1), wherein two R’s are hydrogen atoms, is boned to a
n-heptyl group having 7 carbon atoms. In a case where the
substituent represented by Formula (W) is an alkyl group,
for example, how to make a differentiation between [ and R
is as follows, and L represents a divalent linking group
represented by Formula (L-1).
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Main chain of terminal (N carbon atoms)

A
4 N
H,
C
W= % \/\/\Eg\/\
T . J
Y
L
R(N-1carbon atoms)
[0193] In a case where the substituent represented by

Formula (W) is an alkoxy group having 8 carbon atoms, the
alkoxy group is interpreted as a substituent in which one
linking group represented by Formula (I.-4) that is —O—,
one linking group represented by Formula (L-1) in which
two R’s are hydrogen atoms, and a n-heptyl group having 7
carbon atoms are bonded to each other. In a case where the
substituent represented by Formula (W) is a group other than
an alkyl group, how to make a differentiation between L and
R is as follows, and L represents a divalent linking group in
which “a divalent linking group other than the linking group
represented by Formula (I.-1)” and *“a divalent linking group
represented by Formula (L-1)” are bonded to each other.

Main chain of terminal (N carbon atoms)

A

4 A
(o)
W= ——
L
R (N - 1 carbon atoms)
[0194] In contrast, in the present invention, in a case

where an oxyethylene group, an oligo-oxyethylene group in
which a repetition number v of an oxyethylene unit is equal
to or greater than 2, a siloxane group, an oligosiloxane group
having two or more silicon atoms, or a substituted or
unsubstituted trialkylsilyl group is present on the terminal of
the substituent represented by Formula (W), the substituent
is interpreted as a substituent consisting solely of R in
Formula (W) by including as much linking groups as
possible in R from the terminal of the substituent repre-
sented by Formula (W), but is not interpreted as -L-R. For
example, in a case where a —(OCH,CH,)—(OCH,CH,)—
OCH, group is present on the terminal of the substituent, the
substituent is interpreted as a substituent consisting of only
an oligo-oxyethylene group in which the repetition number
v of an oxyethylene unit is 2. In a case where an oxyethylene
group, an oligo-oxyethylene group in which a repetition
number v of an oxyethylene unit is equal to or greater than
2, a siloxane group, an oligosiloxane group having two or
more silicon atoms, or a substituted or unsubstituted tri-
alkylsilyl group is present on the terminal of the substituent
represented by Formula (W), how to make a differentiation
between [ and R is as follows, for example.

NN

\ J

~
R
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[0195] 1In a case where L forms a linking group in which

divalent linking groups represented by any one of Formulae
(L-1) to (L-25) are bonded to each other, the number of the
divalent linking groups bonded to each other represented by
any one of Formulae (L-1) to (L-25) is preferably 2 to 4, and
more preferably 2 or 3.

[0196] Examples of the substituent R' in Formulae (L-1),
(L-2), (L-6), and (L-13) to (L-24) include a halogen atom, an
alkyl group (including an alkyl group having 1 to 40 carbon
atoms such as a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, a heptyl
group, an octyl group, a nonyl group, a decyl group, an
undecyl group, a dodecyl group, a tridecyl group, a tetra-
decyl group, or a pentadecyl group; here, the alkyl group
also includes a 2,6-dimethyloctyl group, a 2-decyltetradecyl
group, a 2-hexyldodecyl group, a 2-ethyloctyl group, a
2-decyltetradecyl group, a 2-butyldecyl group, a 1-octyl-
nonyl group, a 2-ethyloctyl group, a 2-octyltetradecyl group,
a 2-ethylhexyl group, a cycloalkyl group, a bicycloalkyl
group, a tricycloalkyl group, and the like), an alkenyl group
(including a 1-pentenyl group, a cycloalkenyl group, a
bicycloalkenyl group, and the like), an alkynyl group (in-
cluding a 1-pentynyl group, a trimethylsilylethynyl group, a
triethylsilylethynyl group, a tri-i-propylsilylethynyl group, a
2-p-propylphenylethynyl group, and the like), an aryl group
(including an aryl group having 6 to 20 carbon atoms such
as a phenyl group, a naphthyl group, a p-pentylphenyl group,
a 3,4-dipentylphenyl group, a p-heptoxyphenyl group, a
3,4-diheptoxyphenyl group, and the like), a hetero ring
group (may be referred to as a heterocyclic group as well,
including a 2-hexylfuranyl group and the like), a cyano
group, a hydroxyl group, a nitro group, an acyl group
(including a hexanoyl group, a benzoyl group, and the like),
an alkoxy group (including a butoxy group and the like), an
aryloxy group, a silyloxy group, a heterocyclic oxy group,
an acyloxy group, a carbamoyloxy group, an amino group
(including an anilino group), an acylamino group, an amin-
ocarbonylamino group (including a ureide group), alkoxy-
and aryloxycarbonylamino groups, alkyl- and aryl sulfo-
nylamino groups, a mercapto group, alkyl- and arylthio
groups (including a methylthio group, an octylthio group,
and the like), a heterocyclic thio group, a sulfamoyl group,
a sulfo group, alkyl- and aryl sulfinyl groups, alkyl- and aryl
sulfonyl groups, alkyloxy- and aryloxycarbonyl groups, a
carbamoyl group, aryl- and heterocyclic azo group, an imide
group, a phosphino group, a phosphinyl group, a phosphi-
nyloxy group, a phosphinylamino group. a phosphono
group, a silyl group (a ditrimethylsiloxy methylbutoxy
group), a hydrazino group, a ureide group, a boronic acid
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group (—B(OH),), a phosphate group (—OPO(OH),), a
sulfate group (—OSO;H), and other known substituents.
[0197] These substituents may further have the above
substituents. In addition, in a case where the compound
represented by Formula (1) is a polymer compound having
a repeating structure, each of R' to R® may have a group
derived from a polymerizable group.

[0198] Among these, the substituent R' in Formula (L-6) is
preferably an alkyl group. In a case where R' in (L-6) is an
alkyl group, the number of carbon atoms of the alkyl group
is preferably 1 to 9, more preferably 4 to 9 from the
viewpoint of the chemical stability and the carrier transport
properties, and even more preferably 5 to 9. In a case where
R"in (L-6) is an alkyl group, the alkyl group is preferably a
linear alkyl group because then the carrier mobility can be
improved.

[0199] R represents a hydrogen atom or a substituent, and
examples of R” include those exemplified above as substitu-
ents that can be adopted as R described above. Among these,
a hydrogen atom or a methyl group is preferable as RY.

[0200] Each R independently represents a hydrogen
atom, an alkyl group, an alkenyl group, or an alkynyl group,
and is preferably an alkyl group. The alkyl group that can be
adopted as R* is not particularly limited, and the preferred
range of the alkyl group that can be adopted as R* is the
same as the preferred range of an alkyl group that can be
adopted as a silyl group in a case where R is a silyl group.
The alkenyl group that can be adopted as R¥ is not particu-
larly limited. However, the alkenyl group is preferably a
substituted or unsubstituted alkenyl group and more prefer-
ably a branched alkenyl group, and the number of carbon
atoms of the alkenyl group is preferably 2 or 3. The alkynyl
group that can be adopted as R* is not particularly limited.
However, the alkynyl group is preferably a substituted or
unsubstituted alkynyl group and more preferably a branched
alkynyl group, and the number of carbon atoms of the
alkynyl group is preferably 2 or 3.

[0201] In a case where L includes divalent linking groups
represented by Formulae (L-13) to (L-25), any one of the
divalent linking groups represented by Formulae (L-13) to
(L-25) is preferably bonded to R via the divalent linking
group represented by Formula (L-1).

[0202] L is preferably a divalent linking group represented
by any one of Formulae (L-1) to (L-5), (L-13), (L-17), and
(L-18) or a divalent linking group in which two or more
divalent linking groups represented by any one of Formulae
(L-1)to (L-5), (L-13), (L-17), and (L-18) are bonded to each
other, more preferably a divalent linking group represented
by any one of Formulae (L-1) to (L-4) or a divalent linking
group in which a divalent linking group represented by any
one of Formulae (L-2) to (L-4) is bonded to a divalent
linking group represented by Formula (L-1), and particularly
preferably a divalent linking group represented by Formula
(L-1). It is preferable that the divalent linking group repre-
sented by Formula (L-1) is bonded to the R side of a divalent
linking group in which the divalent linking group repre-
sented by any one of Formulae (L-2) to (L-4) is bonded to
the divalent linking group represented by Formula (L-1).

[0203] From the viewpoint of the chemical stability and
the carrier transport properties, L is particularly preferably a
divalent linking group including the divalent linking group
represented by Formula (L-1), more particularly preferably
a divalent linking group represented by Formula (L-1).
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[0204] In Formula (W), R represents a substituted or
unsubstituted alkyl group, a cyano group, a vinyl group, an
ethynyl group, an oxyethylene group, an oligo-oxyethylene
group in which a repetition number v of an oxyethylene unit
is equal to or greater than 2, a siloxane group, an oligosi-
loxane group having two or more silicon atoms, or a
substituted or unsubstituted silyl group.

[0205] In Formula (W), in a case where L. adjacent to R is
a divalent linking group represented by Formula (L-1), R is
preferably a substituted or unsubstituted alkyl group, an
oxyethylene group, an oligo-oxyethylene group in which a
repetition number v of an oxyethylene unit is equal to or
greater than 2, a siloxane group, or an oligosiloxane group
having two or more silicon atoms, and more preferably a
substituted or unsubstituted alkyl group.

[0206] In Formula (W), in a case where L adjacent to R is
a divalent linking group represented by any of Formulae
(L-2) and (L-4) to (L-25), R is more preferably a substituted
or unsubstituted alkyl group.

[0207] In Formula (W), in a case where L adjacent to R is
a divalent linking group represented by Formula (L-3), R is
preferably a substituted or unsubstituted alkyl group or a
substituted or unsubstituted silyl group.

[0208] In a case where R is a substituted or unsubstituted
alkyl group, the number of carbon atoms thereof is prefer-
ably 4 to 18, more preferably 6 to 15 from the viewpoint of
the chemical stability and the carrier transport properties,
and even more preferably 6 to 12. If R is a long-chain alkyl
group within the above range, the alkyl group is particularly
preferably a long-chain linear alkyl group because then the
linearity of the molecule is improved, and hence the carrier
mobility can be improved.

[0209] In a case where R represents an alkyl group, the
alkyl group may be a linear, branched, or cyclic alkyl group.
However, the alkyl group is preferably a linear alkyl group
because then the linearity of the molecule is improved, and
hence the carrier mobility can be improved.

[0210] In contrast, from the viewpoint of improving the
solubility in an organic solvent, R is preferably a branched
alkyl group.

[0211] In a case where R is an alkyl group having a
substituent, examples of the substituent include a halogen
atom and the like (at this time, R becomes a haloalkyl
group), and the halogen atom is preferably a fluorine atom.
In a case where R is an alkyl group having a fluorine atom,
a perfluoroalkyl group may be formed by the substitution of
all of the hydrogen atoms with the fluorine atom. Here, R is
preferably an unsubstituted alkyl group.

[0212] In the present specification, in a case where the R
is an ethyleneoxy group or an oligo-oxyethylene group in
which a repetition number v of an oxyethylene unit is equal
to or greater than 2, the “oligo-oxyethylene group” repre-
sented by R refers to a group represented by —(OCH,CH,)
JOY (the repetition number v of an oxyethylene unit repre-
sents an integer of equal to or greater than 2, and Y on the
terminal represents a hydrogen atom or a substituent). In a
case where Y on the terminal of the oligo-oxyethylene group
is a hydrogen atom, the terminal becomes a hydroxy group.
The repetition number v of the oxyethylene unit is prefer-
ably 2 to 4, and more preferably 2 or 3. It is preferable that
the hydroxy group on the terminal of the oligo-oxyethylene
group is sealed. That is, it is preferable that Y represents a
substituent. In this case, the hydroxy group is preferably
sealed with an alkyl group having 1 to 3 carbon atoms. In
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other words, Y is preferably an alkyl group having 1 to 3
carbon atoms, more preferably a methyl group or an ethyl
group, and particularly preferably a methyl group.

[0213] In a case where R is a siloxane group or an
oligosiloxane group having two or more silicon atoms, the
repetition number of the siloxane unit is preferably 2 to 4,
and more preferably 2 or 3. Furthermore, it is preferable that
hydrogen atoms or alkyl groups are boned to the Si atoms.
In a case where alkyl groups are boned to the Si atoms, the
number of carbon atoms of each alkyl group is preferably 1
to 3. For example, it is preferable that methyl groups or ethyl
groups are bonded to the Si atoms. The same alkyl groups
may be bonded to the Si atoms, or different alkyl groups or
hydrogen atoms may be bonded to the Si atoms. In addition,
all of the siloxane units constituting the oligosiloxane group
may be the same as or different from each other, but it is
preferable that they are the same as each other.

[0214] Inacase where L adjacent to R is a divalent linking
group represented by Formula (L-3), R is preferably a
substituted or unsubstituted silyl group. In a case where R is
a substituted or unsubstituted silyl group, a substituted silyl
group is preferable as R. The substituent of the silyl group
is not particularly limited. However, the substituent is pref-
erably a substituted or unsubstituted alkyl group, and more
preferably a branched alkyl group. In a case where R is a
trialkylsilyl group, the number of carbon atoms of each alkyl
group bonded to the Si atoms is preferably 1 to 3. For
example, it is preferable that methyl groups, ethyl groups, or
isopropyl groups are bonded to the Si atoms. The same alkyl
groups or different alkyl groups may be bonded to the Si
atoms. In a case where R is a trialkylsilyl group further
having a substituent on the alkyl group, the substituent is not
particularly limited.

[0215] The total number of carbon atoms contained in the
group represented by Formula (W), that is, the total number
of carbon atoms contained in [ and R is not particularly
limited and can be 2 to 20, for example. However, the total
number of carbon atoms is preferably 4 to 18. If the total
number of carbon atoms contained in [ and R is equal to or
greater than the lower limit of the above range, the carrier
mobility is improved, and the solubility is improved. If the
total number of carbon atoms contained in L and R is equal
to or less than the upper limit of the above range, the driving
voltage is lowered.

[0216] The total number of carbon atoms contained in L
and R is preferably 4 to 24, more preferably 6 to 21, and
particularly preferably 6 to 18.

[0217] In the present invention, in a case where p=q=0 in
Formula (1), the total number of carbon atoms contained in
the group represented by Formula (W) is preferably 4 to 24,
more preferably 6 to 21, and particularly preferably 6 to 18.

[0218] Particularly, in a case where p=q=0 in Formula (1),
and the substituent represented by Formula (W) is an alkyl
group, the substituent represented by Formula (W) is pref-
erably a linear alkyl group having 4 to 18 carbon atoms or
a branched alkyl group having 4 or more carbon atoms, more
preferably a linear alkyl group having 4 to 14 carbon atoms
or a branched alkyl group having 4 to 14 carbon atoms,
particularly preferably a linear alkyl group having 5 to 14
carbon atoms or a branched alkyl group having 5 to 14
carbon atoms, more particularly preferably a linear alkyl
group having 5 to 10 carbon atoms or a branched alkyl group
having 6 to 12 carbon atoms, and even more particularly

Nov. 24,2016

preferably a linear alkyl group having 6 to 10 obtained or a
branched alkyl group having 8 to 12 carbon atoms.

[0219] In the present invention, in a case where p=q=1 in
Formula (1), the total number of carbon atoms contained in
the group represented by Formula (W) is preferably 4 to 24,
more preferably 4 to 21, particularly preferably 5 to 18, more
particularly preferably 6 to 18, and even more particularly
preferably 6 to 16.

[0220] Particularly, in a case where p=q=1 in Formula (1),
and the substituent represented by Formula (W) is an alkyl
group, the substituent represented by Formula (W) is not
particularly limited. However, the substituent is preferably a
linear alkyl group having 4 to 18 carbon atoms or a branched
alkyl group having 4 to 18 carbon atoms, more preferably a
linear alkyl group having 4 to 14 carbon atoms or a branched
alkyl group having 4 to 14 carbon atoms, particularly
preferably a linear alkyl group having 5 to 12 carbon atoms
or a branched alkyl group having 5 to 12 carbon atoms, more
particularly preferably a linear alkyl group having 6 to 12
carbon atoms or a branched alkyl group having 6 to 12
carbon atoms, and even more particularly preferably a linear
alkyl group having 6 to 10 carbon atoms or a branched alkyl
group having 6 to 10 carbon atoms.

[0221] In a case where L includes divalent linking groups
represented by Formulae (L-13) to (L-25), R and L in
Formula (W) are preferably combined such that R is an alkyl
group, and L is any one of the divalent linking groups
represented by Formulae (I-13) to (L-25) and bonded to R
via a divalent linking group represented by Formula (L-1).
[0222] Especially, R and L in Formula (W) are preferably
combined such that L is a divalent linking group represented
by any one of Formulae (L-1) to (L-5), (L-13), (L-17), and
(L-18) or a divalent linking group in which two or more
divalent linking groups represented by any one of Formulae
(L-1) to (L-5), (-13), (L-17), and (L-18) are bonded to each
other, and R is a substituted or unsubstituted alkyl group;
more preferably combined such that L is a divalent linking
group represented by any one of Formulae (L-1) to (L-4) or
a divalent linking group in which a divalent linking group
represented by any one of Formulae (1.-2) to (I-4) is bonded
to a divalent linking group represented by Formula (L-1),
and R is a substituted or unsubstituted alkyl group; and
particularly preferably combined such that L is a divalent
linking group represented by Formula (L-1), and R is a
substituted or unsubstituted alkyl group.

[0223] In the compound represented by Formula (1), the
number of groups adopted as one of R' to R'®, R% and R®
and represented by Formula (W) is preferably 1 to 4 from the
viewpoint of improving the carrier mobility and the solu-
bility in an organic solvent, more preferably 1 or 2, and
particularly preferably 2.

[0224] The group represented by Formula (W) is posi-
tioned in any of R! to R'%, R%, and R® without particular
limitation. In the present invention, from the viewpoint of
improving the carrier mobility and improving the solubility
in an organic solvent, it is preferable that in Formula (1),
each of R', R* to R7, R', R%, and R” is independently a
hydrogen atom or a halogen atom, each of R R?, R®, and
R’ is independently a hydrogen atom, a halogen atom, or a
substituent represented by Formula (W), and at least one of
R?, R? R® or R® is a substituent represented by Formula
(W).

[0225] In the present invention, it is more preferable that
each of R!, R? to R®, and R'° independently represents a
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hydrogen atom or a halogen atom, each of R* and R’ is
independently a hydrogen atom, a halogen atom, or a
substituent represented by the following Formula (W), and
at least one of R or R® is a substituent represented by
Formula (W).

[0226] Inthe present invention, it is particularly preferable
that both of R? and R® are a substituent represented by
Formula (W), and both of R* and R® are a hydrogen atom or
a halogen atom. Alternatively, it is particularly preferable
that both of R® and R® are a substituent represented by
Formula (W), and both of R? and R® are a hydrogen atom or
a halogen atom.

[0227] In the present invention, it is more particularly
preferable that both of R? and R° are a substituent repre-
sented by Formula (W), and both of R® and R® are a
hydrogen atom or a halogen atom. Alternatively, it is more
particularly preferable that both of R? and R® are a substitu-
ent represented by Formula (W), and both of R* and R? are
a hydrogen atom or a halogen atom.

[0228] In Formula (1), two or more groups represented by
R' 10 R'°, R% and R® may or may not form a ring by being
bonded to each other. However, it is preferable that they do
not form a ring by being bonded to each other.

[0229] The compound represented by Formula (1) is pref-
erably a compound represented by the following Formula
(2-1) or (2-2), and particularly preferably a compound
represented by Formula (2-1) from the viewpoint of accom-
plishing both the high carrier mobility and the high solubil-
ity.

[0230] First, a case where the compound represented by
Formula (1) is a compound represented by the following
Formula (2-1) will be described.

R’ RS .

R4

[0231] In Formula (2-1),

[0232] each of R', R? to R®, and R'® independently rep-
resents a hydrogen atom or a halogen atom,

[0233] each of R* and R’ is independently a hydrogen
atom, a halogen atom, or a substituent represented by the
following Formula (W), at least one of R* or R® is a
substituent represented by Formula (W), and in a case where
the substituent represented by Formula (W) is an alkyl
group, the substituent represented by Formula (W) is limited
to a linear alkyl group having 4 to 18 carbon atoms or a
branched alkyl group having 4 or more carbon atoms.

-L-R Formula (W)

[0234] in Formula (W),

[0235] L represents a divalent linking group represented
by any one of the following Formulae (L-1) to (L-25) or a
divalent linking group in which two or more divalent linking
groups represented by any one of the following Formulae
(L-1) to (L-25) are bonded to each other, and

[0236] R represents a substituted or unsubstituted alkyl
group, a cyano group, a vinyl group, an ethynyl group, an
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oxyethylene group, an oligo-oxyethylene group in which a
repetition number v of an oxyethylene unit is equal to or
greater than 2, a siloxane group, an oligosiloxane group
having two or more silicon atoms, or a substituted or
unsubstituted trialkylsilyl group;
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[0237] in Formulae (L-1) to (L-25),

[0238] the portion of a wavy line represents a position of
bonding to a condensed cyclic skeleton,

[0239] m in Formula (L-13) represents 4, m in Formulae
(L-14) and (L-15) represents 3, m in Formulae (L-16) to
(L-20) represents 2, m in Formula (L-22) represents 6,

[0240] each R'in Formulae (L-1), (L-2), (L-6), and (L-13)
to (L-24) independently represents a hydrogen atom or a
substituent,

[0241] R represents a hydrogen atom or a substituent, and

[0242] each R* independently represents a hydrogen
atom, an alkyl group, an alkenyl group, or an alkynyl group.

[0243] In Formula (2-1), each X independently represents
an O atom, a S atom, or a Se atom.

[0244] The preferred range of X in Formula (2-1) is the
same as the preferred range of X in Formula (1).

[0245] In Formula (2-1), each of R, R® to R®, and R'®
independently represents a hydrogen atom or a halogen
atom. The preferred range of R', R* to R® and R in
Formula (2-1) is the same as the preferred range of R', R
to R®, and R in Formula (1).

[0246] In Formula (2-1), each of R* and R’ is indepen-
dently s hydrogen atom, a halogen atom, or a substituent
represented by Formula (W), and at least one of R* or R is
a substituent represented by Formula (W). Here, in a case
where the substituent represented by Formula (W) is an
alkyl group, the substituent represented by Formula (W) is
limited to a linear alkyl group having 4 to 18 carbon atoms
or a branched alkyl group having 4 or more carbon atoms.
The preferred range of R? and R® in Formula (2-1) is the
same as the preferred range of R and R” in a case where
p=g=0 in Formula (1).

[0247] Next, a case where the compound represented by
Formula (1) is a compound represented by the following
Formula (2-2) will be described.
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-continued
Formula (2-2)

0]
SN
[0248] Tn Formula (2-2), 0
[0249] each X independently represents an O atom, a S 0
atom, or a Se atom, i
[0250] each of R', R* 10 R7, R'*, R% and R” is indepen- .
dently a hydrogen atom or a halogen atom, 0
[0251] each of R? R®, R, and R’ independently repre-
sents a hydrogen atom, a halogen atom, or a substituent Iil
represented by the following Formula (W), and at least one N
of R%, R?, R®, or R’ represents a substituent represented by N
Formula (W).
-L-R Formula (W) o
[0252] in Formula (W), o
[0253] L represents a divalent linking group represented )k
by any one of the following Formulae (L-1) to (L-25) or a N .
divalent linking group in which two or more divalent linking |
groups represented by any one of the following Formulae H
(L-1) to (L-25) are bonded to each other, and
[0254] R represents a substituted or unsubstituted alkyl
group, a cyano group, a vinyl group, an ethynyl group, an A
oxyethylene group, an oligo-oxyethylene group in which a S
repetition number v of an oxyethylene unit is equal to or O// \\O
greater than 2, a siloxane group, an oligosiloxane group
having two or more silicon atoms, or a substituted or .
unsubstituted trialkylsilyl group; />
/
(L-1) \ Ny
CR,—* _N‘/*
/
(L-2) \ Y
R "
;“/\%\* =
Y
R’ \ /\er
(L-3)
—N %
§%* X
Y
\ <
RV
L4 N
O_*
O,
2
(L-5) \ |_7/\*
Rn
S_*
(L-6) S3
!
N—=* \ |_//\*

Nov. 24,2016

(L-7

(L-8)

(L-9)

(L-10)

(L-11)

(L-12)

(L-13)

(L-14)

(L-15)

(L-16)

(I-17

(L-18)



US 2016/0343958 Al

-continued
(L-19)
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(L-24)
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Rsi

Rsi

[0255] in Formulae (L-1) to (L-25),
[0256] the portion of a wavy line represents a position of
bonding to a condensed cyclic skeleton,

25
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[0257] m in Formula (L-13) represents 4, m in Formulae
(L-14) and (L-15) represents 3, m in Formulae (L-16) to
(L-20) represents 2, m in Formula (L-22) represents 6,
[0258] each R'in Formulae (L-1), (L-2), (L-6), and (L-13)
to (L-24) independently represents a hydrogen atom or a
substituent,

[0259] R represents a hydrogen atom or a substituent, and
[0260] each R independently represents a hydrogen
atom, an alkyl group, an alkenyl group, or an alkynyl group.
[0261] In Formula (2-2), each X independently represents
an O atom, a S atom, or a Se atom. The preferred range of
X in Formula (2-2) is the same as the preferred range of X
in Formula (1).

[0262] InFormula (2-2), each of R', R*to R7, R'", R%, and
R? is independently a hydrogen atom or a halogen atom. The
preferred range of R', R* to R”, R'%, R, and R” in Formula
(2-2) is the same as the preferred range of R', R* to R, R'?,
R? and R? in Formula (1).

[0263] In Formula (2-2), each of R%, R®, R® and R’
independently represents a hydrogen atom, a halogen atom,
or a substituent represented by the following Formula (W),
and at least one of R?, R?, R®, or R® represents a substituent
represented by Formula (W). The preferred range of R%, R,
R®, and R’ in Formula (2-2) is the same as the preferred
range of R%, R? R, and R’ in a case where p=q=1 in
Formula (1).

[0264] Specific examples of the compound represented by
Formula (1) will be shown below. However, the compound
represented by Formula (1) that can be used in the present
invention is not limited to the specific examples.

Formula (1)

[0265] In Formula (1"), each of R* and R? independently
represents a hydrogen atom, and each of X, p, q, and R to
R represents the following groups. In the following tables,
Ph represents a pheny! group or a phenylene group.

TABLE 1

X p q RR R* R* R> R® R’ R¥R? R
Compound example ]l S 0 0 H C3H7 H H H H H H C3H7 H
Compound example2 S 0 0 H C4H9 H H H H H H C4H9 H
Compound example 3 S 0 0 H CSHI1 H H H H H H C5HII H
Compound example4 S 0 0 H C6HI3 H H H H H H C6HI3 H
Compound example 5 § 0 0 H C/HI5 H H H H H H C7HIS H
Compound example 6 S 0 0 H C8HI7 H H H H H H C8HL7 H
Compound example7 § 0 0 H COHI9 H H H H H H C9HI? H
Compound example8 S 0 0 H CI0OH21 H H H H H H CIl0H21 H
Compound example9 S 0 0 H CI1H23 H H H H H H CI1H23 H
Compound example 10 § 0 0 H CI2H25 H H H H H H CI2H25 H
Compound example 11 § 0 0 H CI3H27 H H H H H H CI3H27 H
Compound example 12§ 0 0 H Cl4H29 H H H H H H CIl4H29 H
Compound example 13 § 0 0 H CISH31 H H H H H H CISH31 H
Compound example 14 § 0 0 H CI6H33 H H H H H H CI6H33 H
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Compound example 50
Compound example 51

p-C10H21—Ph—*
p-C11H23—Ph—*

p-C10H21—Ph—*
p-C11H23—Ph—*

26
TABLE 1-continued
X p ¢ RR? R R R° R® R7 R®R® R
Compound example 15§ 0 0 H CI7TH35S H H H H H H CI7TH35 H
Compound example 16 § 0 0 H CI8H37 H H H H H H CISH37 H
Compound example 17 S 1 1 HCSHII H H H H H H C5HI H
Compound example 18 § 1 1 H C6HI3 H H H H H H C6HI3 H
Compound example 19 S 1 1 HC/HIS H H H H H H C7HIS H
Compound example 20 § 1 1 H C8H17 H H H H H H C8HI17 H
Compound example 21 S 1 1 H COHIS H H H H H H C9HI9 H
Compound example 22 § 1 1 H CIOH2I H H H H H H Cl0H21 H
Compound example23 § 1 1 H CI1IH23 H H H H H H CllH23 H
Compound example 24 § 1 1 HCI2H2S H H H H H H CI2H25 H
Compound example 25 § 1 1 H CI3H27 H H H H H H CI3H27 H
Compound example 26 S 1 1 H CI4H29 H H H H H H Cl4H29 H
Compound example27 S 1 1 H CISH31 H H H H H H CISH31 H
Compound example 28 § 1 1 H CI6H33 H H H H H H CI6H33 H
Compound example 29 § 1 1 HCI7TH35 H H H H H H CI7TH35 H
Compound example 30 § 1 1 HCI8H37 H H H H H H CI8H37 H
TABLE 2
X p g RR? R R* R° RS R7 RERY RlC
Compound example 31 S 0 0 H p-C5SHI1—Ph—* H H H H H H p-C5HI1I—Ph—* H
Compound example 32§ 0 0 H p-C6HI3—Ph—* H H H H H H p-CoHI3—Ph—* H
Compound example 33 S 0 0 H p-C7HIS—Ph—* H H H H H H p-C/HI5>—Ph—* H
Compound example 34 S 0 0 H p-C8HI7—Ph—* H H H H H H p-CRH17—Ph—* H
Compound example 35 S 0 0 H p-COHI9—Ph—* H H H H H H p-COHI9—Ph—* H
Compound example 36 § 0 0 H p-ClOH21-Ph—* H H H H H H p-ClOH21—Ph—* H
Compound example 37 S 0 0 H p-Cl1H23—Ph—* H H H H H H p-CllH23—Ph—* H
Compound example 38 S 0 0 H p-CI2H2—Ph—* H H H H H H p-CI2H25—Ph—* H
Compound example 39 § 0 0 H pCI3H27—Ph—* H H H H H H p-CI3H27—Ph—* H
Compound example 40 S 0 0 H p-Cl4H29—Ph—* H H H H H H p-Cl4H29—Ph—* H
Compound example4l S 0 0 H p-CI5H31—Ph—* H H H H H H p-CI5H31—Ph—* H
Compound example42 S 0 0 H pCléH33—Ph—* H H H H H H p-Cl6H33—Ph—* H
Compound example43 S 0 0 H p-Cl7H33—Ph—* H H H H H H p-Cl17H35—Ph—* H
Compound example44 S 0 0 H pCI8H37—Ph—* H H H H H H p-CI8H37—Ph—* H
Compound example 45 S 1 1 H p-C5HI1—Ph—* H H H H H H p-C5HI1—Ph—* H
Compound example46 S 1 1 H p-C6HI3—Ph—* H H H H H H p-CoHI3—Ph—* H
Compound example47 § 1 1 H p-C7HIS—Ph—* H H H H H H p-C/HI5>—Ph—* H
Compound example 48 S 1 1 H p-C8H17—Ph—* H H H H H H p-C8H17—Ph—* H
Compound example 49 S 1 1 H p-COHI9—Ph—* H H H H H H p-COHI9—Ph—* H
S 1 1 H H HHHHH H
S 1 1 H H HHHHH H
S 1 1 H H HHHHH H
S 1 1 H H HHHHH H
S 1 1 H H HHHHH H
S 1 1 H H HHHHH H
S 1 1 H H HHHHH H
S 1 1 H H HHHHH H
S 1 1 H H HHHHH H
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Compound example 52 p-C12H25—Ph—* p-C12H25—Ph—*
Compound example 53 p-C13H27—Ph—* p-C13H27—Ph—*
Compound example 54 p-C14H29—Ph—* p-C14H29—Ph—*
Compound example 53 p-C15H31—Ph—* p-C15H31—Ph—*
Compound example 56 p-C16H33—Ph—* p-C16H33—Ph—*
Compound example 57 p-C17H35—Ph—* p-C17H35—Ph—*
Compound example 58 p-C18H37—Ph—* p-C18H37—Ph—*
TABLE 3

X p q R R2 R® R4 R°® R R’ R® R? RO
Compound example 39 § 0 0 H C5H11\©/ H HHHHH C5H11\©/* ¢
Compound example 60 § 0 0 H CGHB\@/ H H HH HH CGHB\@/* H
Compound example 61 S 0 0 H H H HH H H CcHj; S * H
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TABLE 3-continued
g R! R2 R rR* R° RS R R® RS R
Compound example 62 0 H CeHpy S + H H H H H H G, S * H
ADg Ao
Compound example 63 0 H  CoHy S « H H H H H H CHj, S * H
Ao wr
Compound example 64 0 H C oty S + H H H H H H C oty S * H
\@/ \@/
Compound example 65 0 H Cy iy S + H H H H H H Cy Hy; S * H
DS \ g
Compound example 66 0 H C ol S + H H H H H H Clas S * H
A0S ho g
Compound example 67 0 H ¢,y S + H H HH H H ¢, S « H
\@/ \@/
Compound example 68 0 H ¢yl S » H H H H H H ¢,H, S + H
A0 g A4
TABLE 4
R! R? R* R* R° R® R’ R R R
Compound example 69 H 51 S = H H H H H H o S x  H
Ao g AR g
Compound example 70 H ¢ Hy S « H H H H H H ¢qmy, S «  H
Ao g A g
Compound example 71 H  ¢pHgs S « H H H H H H .1, S x H
Ao g o
Compound example 72 H CysHsy S « H H H H H H CysHs7 S « H
Ao g U
Compound example 73 H ¢y S « H H H H H H g, S + H
Ao g A
Compound example 74 H CeH3 S «» H H H H H H CeHys S « H
A0S A g
Compound example 75 H cmg, S « H HH HH H cpm;, S + H
A4 o
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TABLE 4-continued

pq R! R2 R} R* R RS R’ RS RY RO
Compound example 76 11 H Can\@/* H H H H H H CgH17\©/* H
Compound example 77 11 H Cngg\O/* H H H H H H Cngg\@/* H
Compound example 78 11 H CIOHZI\O/* H H H H H H CloHZl\@/* H
TABLE 5
pgq R R2 R R R° R® R7 R R® Rl
Compound example 79 11 H ¢ Hy \@/* H H H H H H ¢ Hy, \@/* H
Compound example 80 1 H  C,Hy \@/* H HHHH H CIZHZS\QS/* H
Compound example 81 11 H C1~,H27\©/* H H H H H H C13H27\©/* H
Compound example 82 1 H My \@/* H H H H H H c,m, \@/* H
Compound example 83 11 H C15H31\©/* H H H H H H C15H31\©/* H
Compound example 84 1 H g \@/* H H H HH H ¢H; \@/* H
Compound example 85 11 H CpHss \@/* H HHHH H C17H35\©/* H
Compound example 86 1 H C13H37\©/* H HHHH H C13H37\©/* H
TABLE 6
X p q RR? R} R* R®> R® R’ R R’ RI0
Compound example 87 S 0 0 H C5HIl H H H H H H C6HI3 H
Compound example 88 S 0 0 H C5HIl H H H H H H C7HI5 H
Compound example 89 S 0 0 H C5HIl H H H H H H C8H17 H
Compound example 90 S 0 0 H C5HIl H H H H H H C9HI9 H
Compound example 91 S 0 0 H C5HIl H H H H H H CI0H21 H
Compound example 92 S 0 0 H C5HIl H H H H H H CIIH23 H
Compound example 93 S 0 0 H C5HIl H H H H H HCI2H2S H
Compound example 94 S 0 0 H C5HIl H H H H H H CI3H27 H
Compound example 95 S 0 0 H C5HIl H H H H H H Cl4H29 H
Compound example 96 S 0 0 H C5HIl H H H H H H CI5H31 H
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TABLE 6-continued

X p q R'R R* R* R> R® R’ R R® RI©
Compound example 97 §$ 0 0 HCHII H H H H H HCI6H33 H
Compound example 98 $ 0 0 HCHII H H H H H HCITH3S H
Compound example 99 S 0 0 H C5HIl H H H H H H CI8H37 H
Compound example 100§ 0 0 H C6HI3 H H H H H H C5HlI H
Compound example 101§ 0 0 H C6HI3 H H H H H H C7HI5 H
Compound example 102§ 0 0 H C6HI3 H H H H H H C8HI7 H
Compound example 103 S 0 0 H C6HI3 H H H H H H C9HI9 H
Compound example 104 S 0 0 H C6HI3 H H H H H H CIH21 H
Compound example 105 S 0 0 H C6HI3 H H H H H H CIIH23 H
Compound example 106 S 0 0 H C6H13 H H H H H H CI2H25 H
Compound example 107  § 0 0 H C6HI3 H H H H H H CI3H27 H
Compound example 108 S 0 0 H C6HI3 H H H H H H Cl4H29 H
Compound example 109 S 0 0 H C6HI3 H H H H H H CISH31 H
Compound example 110  § 0 0 H C6HI3 H H H H H H CI6H33 H
Compound example 111§ 0 0 H C6HI3 H H H H H H CI7TH35 H
Compound example 112§ 0 0 H C6HI3 H H H H H H CISH37 H

TABLE 7

X p q RR R* R* R R® R” R®* R’ R
Compound example 113 S 0 0 HCHIS H H H H H H CHIU H
Compound example 114 S 0 0 H C7HI5 H H H H H H C6HI3 H
Compound example 115 S 0 0 HCHIS H H H H H H C8HI7 H
Compound example 116 S 0 0 H C7HI5 H H H H H H C9HIS H
Compound example 117 S 0 0 H C/HI5 H H H H H H CI0H21 H
Compound example 118 S 0 0 H C/HI5 H H H H H H CllH23 H
Compound example 119 S 0 0 H C/HI5 H H H H H H CI2H25 H
Compound example 120 S 0 0 H C/HI5 H H H H H H CI3H27 H
Compound example 121 S 0 0 H C/HI5 H H H H H H Cl4H29 H
Compound example 122§ 0 0 H C/HI5 H H H H H H CISH31 H
Compound example 123 S 0 0 H C/HI5 H H H H H H CI6H33 H
Compound example 124 S 0 0 H C/HI5 H H H H H H CI7TH35 H
Compound example 125 S 0 0 H C/HI5 H H H H H H CISH37 H
Compound example 126 S 0 0 H C8H17 H H H H H H C5HlI H
Compound example 127 S 0 0 H C8H17 H H H H H H C6HI3 H
Compound example 128 S 0 0 H C8H17 H H H H H H C7HIS H
Compound example 129 S 0 0 H C8H17 H H H H H H C9HIS H
Compound example 130 S 0 0 H C8H17 H H H H H H CI(H21 H
Compound example 131 S 0 0 H C8H17 H H H H H H CllH23 H
Compound example 132§ 0 0 H C8H17 H H H H H H CI2H25 H
Compound example 133 S 0 0 H C8H17 H H H H H H CI3H27 H
Compound example 134 S 0 0 H C8H17 H H H H H H Cl4H29 H
Compound example 135 S 0 0 H C8H17 H H H H H H CISH31 H
Compound example 136 S 0 0 H C8H17 H H H H H H CI6H33 H
Compound example 137 S 0 0 H C8H17 H H H H H H CI7TH35 H
Compound example 138 S 0 0 H C8H17 H H H H H H CISH37 H

TABLE 8

X p q R'R R* R* R> R® R’ R R® RI©
Compound example 139 § 0 0 H C9HI9 H H H H H H C5HlI H
Compound example 140  § 0 0 H C9HI9 H H H H H H C6HI3 H
Compound example 141§ 0 0 H C9H19 H H H H H H CTHIS H
Compound example 142§ 0 0 H C9H19 H H H H H H C8HI7 H
Compound example 143  § 0 0 H C9HI9 H H H H H H CiH21 H
Compound example 144 § 0 0 H C9H19Y H H H H H H CllH23 H
Compound example 145 § 0 0 H C9H19Y H H H H H H CI2H25 H
Compound example 146 § 0 0 H C9H19Y H H H H H H CI3H27 H
Compound example 147 § 0 0 H C9H19Y H H H H H H Cl4H29 H
Compound example 148 § 0 0 H C9H19Y H H H H H H CISH31 H
Compound example 149  § 0 0 H C9H19Y H H H H H H CI6H33 H
Compound example 150 § 0 0 H C9H19Y H H H H H H CI7TH35 H
Compound example 151  § 0 0 H COH19Y H H H H H H CISH37 H
Compound example 152§ 0 0 H CI0H2l H H H H H H C5HU H
Compound example 153 § 0 0 H CI0H21 H H H H H H C6HI3 H
Compound example 134 S 0 0 H CI0H21 H H H H H H CTHIS H
Compound example 155 § 0 0 H CI0H21 H H H H H H C8H17 H
Compound example 156 § 0 0 H CI0H2l H H H H H H C9HI9 H
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TABLE 8-continued

X p q R'R R* R* R> R® R’ R R® RI©
Compound example 157 S 0 0 H CI0H21 H H H H H H CllH23 H
Compound example 158 S 0 0 H CI0OH21 H H H H H H CI2H25 H
Compound example 139 § 0 0 H ClI0H2Il H H H H H H CI3H27 H
Compound example 160 S 0 0 H ClI0H2l H H H H H H Cl4H29 H
Compound example 161 S 0 0 H CI0H2l H H H H H H CISH31 H
Compound example 162 § 0 0 H CI0H2l H H H H H H CI6H33 H
Compound example 163 § 0 0 H CI0H2l H H H H H H CI7TH35 H
Compound example 164 S 0 0 H ClI0H2l H H H H H H CISH37 H

TABLE 9

X p q RIR R® R4 R° R R” R® R R
Compound example 165 S 0 0 H CIIH23 H H H H H H C5HU H
Compound example 166 S 0 0 H CI1H23 H H H H H H C6HI3 H
Compound example 167 S 0 0 H ClIH23 H H H H H H CTHIS H
Compound example 168 S 0 0 H Cl1H23 H H H H H H C8H17 H
Compound example 169 S 0 0 H Cl1H23 H H H H H H C9HI9 H
Compound example 170 S 0 0 H Cl1H23 H H H H H H CI0H21 H
Compound example 171 S 0 0 H CIIH23 H H H H H H CI2H25 H
Compound example 172§ 0 0 H CI1IH23 H H H H H H CI3H27 H
Compound example 173 S 0 0 H CI1IH23 H H H H H H Cl4H29 H
Compound example 174 S 0 0 H CI1IH23 H H H H H H CISH31 H
Compound example 175 S 0 0 H CIIH23 H H H H H H CI6H33 H
Compound example 176 S 0 0 H CI1IH23 H H H H H H CI7TH35 H
Compound example 177 S 0 0 H CIIH23 H H H H H H CISH37 H
Compound example 178 S 0 0 H CI2H25 H H H H H H C5HlU H
Compound example 179 S 0 0 H CI2H25 H H H H H H C6HI3 H
Compound example 180 S 0 0 H Cl2H25 H H H H H H CTHIS H
Compound example 181 S 0 0 H Cl2H25 H H H H H H C8H17 H
Compound example 182 S 0 0 H Cl2H2S H H H H H H C9HI9 H
Compound example 183 S 0 0 H CI2H2S H H H H H H CI0H21 H
Compound example 184 S 0 0 H CI2H2S H H H H H H CllH23 H
Compound example 185 S 0 0 H CI2H2S H H H H H H CI3H27 H
Compound example 186 S 0 0 H Cl2H25 H H H H H H Cl4H29 H
Compound example 187 S 0 0 H Cl2H2S H H H H H H CISH31 H
Compound example 188 S 0 0 H CI2H25 H H H H H H CI6H33 H
Compound example 189 S 0 0 H CI2H2S H H H H H H CI7TH35 H
Compound example 190 S 0 0 H CI2H25 H H H H H H CISH37 H

TABLE 10

X p q R'R R* R* R> R® R’ R8P RI©
Compound example 191 S 0 0 H CI3H27 H H H H H H C5HlU H
Compound example 192 S 0 0 H CI3H27 H H H H H H C6HI3 H
Compound example 193 S 0 0 H CI3H27 H H H H H H CTHIS H
Compound example 194 S 0 0 H CI3H27 H H H H H H C8H17 H
Compound example 195 S 0 0 H CI3H27 H H H H H H C9HI9 H
Compound example 196 § 0 0 H CI3H27 H H H H H H CIH21 H
Compound example 197 § 0 0 H CI3H27 H H H H H H CllH23 H
Compound example 198§ 0 0 H CI3H27 H H H H H H CI2H25 H
Compound example 199 § 0 0 H CI3H27 H H H H H H Cl4H29 H
Compound example 200§ 0 0 H CI3H27 H H H H H H CISH31 H
Compound example 201 S 0 0 H CI3H27 H H H H H H CI6H33 H
Compound example 202 S 0 O H CI3H27 H H H H H H CI7TH3S H
Compound example 203 S§ 0 0 H CI3H27 H H H H H H CIsH37 H
Compound example 204 S 0 0 H Cl4H29 H H H H H H C5HlI H
Compound example 205 S 0 0 H Cl4H29 H H H H H H C6HI3 H
Compound example 206 S 0 0 H CI4H29 H H H H H H C7HI5 H
Compound example 207 S 0 0 H Cl4H29 H H H H H H C8HI7 H
Compound example 208 S 0 0 H Cl4H29 H H H H H H C9HI9 H
Compound example209 S 0 0 H CI4H29 H H H H H H CI(H21 H
Compound example 210 § 0 0 H Cl4H29 H H H H H H CllH23 H
Compound example 211§ 0 0 H Cl4H29 H H H H H H CI2H25 H
Compound example 212§ 0 0 H CI4H29 H H H H H H CI3H27 H
Compound example 213  § 0 0 H CI4H29 H H H H H H CISH31 H
Compound example 214 § 0 0 H Cl4H29 H H H H H H CI6H33 H
Compound example 215 § 0 0 H CI4H29 H H H H H H CI7TH35 H
Compound example 216 § 0 0 H Cl14H29 H H H H H H CI8H37 H
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TABLE 10-continued
X p q RR R R BR° R R7 RBR® R
TABLE 11

X p q RIR R® R* R® RS R” R®RY RIO
Compound example 217 S 0 0 H CI5SH31 H H H H H H C5HlU1 H
Compound example 218 S 0 0 H CI5SH31 H H H H H H C6HI3 H
Compound example 219 S 0 0 H CI5SH31 H H H H H H CT7HIS H
Compound example 220 S 0 0 H CISH31 H H H H H H C8H17 H
Compound example 221 S 0 0 H CISH31 H H H H H H C9HI9 H
Compound example 222 S 0 0 H CISH31 H H H H H H CIH21 H
Compound example 223 S 0 0 H CISH31 H H H H H H CllH23 H
Compound example 224 S 0 0 H CISH31 H H H H H H CI2H25 H
Compound example 225 S 0 0 H CISH31 H H H H H H CI3H27 H
Compound example 226 S 0 0 H CISH31 H H H H H H Cl4H29 H
Compound example 227 S 0 0 H CISH31 H H H H H H CI6H33 H
Compound example 228 S 0 0 H CISH31 H H H H H H CI7TH35 H
Compound example 229 S 0 0 H CISH31 H H H H H H CISH37 H
Compound example 230 S 0 0 H CI6H33 H H H H H H C5HlUI H
Compound example 231 S 0 0 H CI6H33 H H H H H H C6HI3 H
Compound example 232 S 0 0 H CI6H33 H H H H H H CT7HIS H
Compound example 233 S 0 0 H CI6H33 H H H H H H C8H17 H
Compound example 234 S 0 0 H CI6H33 H H H H H H C9HI9 H
Compound example 235 S 0 0 H CI6H33 H H H H H H CIH21 H
Compound example 236 S 0 0 H CI6H33 H H H H H H CllH23 H
Compound example 237 S 0 0 H CI6H33 H H H H H H CI2H25 H
Compound example 238 S 0 0 H CI6H33 H H H H H H CI3H27 H
Compound example 239 S 0 0 H CI6H33 H H H H H H Cl4H29 H
Compound example 240 S 0 0 H CI6H33 H H H H H H CISH31 H
Compound example 241 S 0 0 H CI6H33 H H H H H H CI7TH35 H
Compound example 242 S 0 0 H CI6H33 H H H H H H CISH37 H

TABLE 12

X p q R'R R® R* R° R® R” RS R® R©
Compound example 243 S 0 0 H CI7H3% H H H H H H C5HII H
Compound example 244 S 0 0 H CI7H3 H H H H H H C6HI3 H
Compound example 245 S 0 0 H CI7H35 H H H H H H CJHI5 H
Compound example 246 S 0 0 H CI7H35 H H H H H H C8HI7 H
Compound example 247 S 0 0 H CI7H3% H H H H H H C9HIY H
Compound example248 S 0 0 H CI7TH35 H H H H H H Cl0H21 H
Compound example 249 S 0 0 H CI7H3 H H H H H H CllH23 H
Compound example 250 S 0 0 H CI7H3S H H H H H H CI2H25 H
Compound example 251 S 0 0 H CI7H3 H H H H H H CI3H27 H
Compound example 252 S 0 0 H CI7H3 H H H H H H Cl4H29 H
Compound example 253 S 0 0 H CI7H3 H H H H H H CI5H31 H
Compound example 234 S 0 0 H CI7H3 H H H H H H Cl6H33 H
Compound example 255 S 0 0 H CI7H3 H H H H H H CI8H37 H
Compound example 2356 S 0 0 H CI8H37 H H H H H H C6HI3 H
Compound example 257 S 0 0 H CI8H3Y H H H H H H C7HI5 H
Compound example 2358 S 0 0 H CI8H3Y H H H H H H C8HI7 H
Compound example 259 § 0 0 H CI8H3Y H H H H H H C9HI® H
Compound example 260 S 0 0 H CI8H3 H H H H H H ClH21 H
Compound example 261 S 0 0 H CI8H3 H H H H H H CllH23 H
Compound example 262  § 0 0 H CI8H3Y H H H H H H CI2H25 H
Compound example 263 § 0 0 H CI8HY H H H H H H Ci3H27 H
Compound example 264 S 0 0 H CI8H3Y H H H H H H Cl4H29 H
Compound example 265 S§ 0 0 H CI8H3Y H H H H H H CI5H31 H
Compound example 266 § 0 0 H CI8H3 H H H H H H CI6H33 H
Compound example 267 § 0 0 H CI8H3Y H H H H H H CI7H3S H

TABLE 13

X pq R R R R* RP R® R' RS R’ R
Compound example 268 S 00 H C8HI7 H H H H H H p-C5H11—Ph—* H
Compound example 269 S 00 H C8H17 H H H H H H p-C6H13—Ph—* H
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TABLE 13-continued

X pgR R R R R R R R R0
Compound example 270 S 00 H C8H17 H H H H H H p-C7H15—Ph—* H
Compound example 271 S 00 H C8HI7 H H H H H H p-C8H17—Ph—* H
Compound example 272§ 00 H C8H17 H H H H H H p-C9H19—Ph—* H
Compound example 273 S 00 H C8H17 H H H H H H p-C10H21—Ph—* H
Compound example 274 S 00 H C8H17 H H H H H H p-C11H23—Ph—* H
Compound example 275 S 00 H C8H17 H H H H H H p-C12H25—Ph—* H
Compound example 276 § 00 H C8H17 H H H H H H p-C13H27—Ph—* H
Compound example 277 S 00 H C8H17 H H H H H H p-C14H29—Ph—* H
Compound example 278 S 00 H C8H17 H H H H H H p-C15H31—Ph—* H
Compound example 279 S 00 H C8H17 H H H H H H p-C16H33—Ph—* H
Compound example 280 § 00 H C8H17 H H H H H H p-C17H35—Ph—* H
Compound example 281 S 00 H C8H17 H H H H H H p-C18H37—Ph—* H
Compound example 282 S 00 H C8H17 H H H H H H CSH“\@/* H
Compound example 283 S 00 H C8H17 H H H H H H CgHyz \@/* H
Compound example 284 S 00 H C8H17 H H H H H H C7H15\©/* H
Compound example 285 S 00 H C8H17 H H H H H H C8H17\©/* H

TABLE 14

X pgR' R R R* R® R® R’ R® R R
Compound example 286 S 00 H C8H17 H H H H H H C9H19\©/* H
Compound example 287 S 00 H C8H17 H H H H H H CIOHZI\O/* H
Compound example 288 S 00 H C8HI7 H H H H H H H, \@/* H
Compound example 280 S 00 H C8HI7 H H H H H H Clezs\Q/* H
Compound example 290 § 00 H C8HI7 H H H H H H C13H27\©/* H
Compound example 201§ 00 H C8HI7 H H H H H H (1, \@/* H
Compound example 292 S 00 H C8H17 H H H H H H C15H31\©/* H
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TABLE 14-continued
X pgR R R R R R R R R R
Compound example 293 S 00 H C8H17 H H H H H H C15H33\©/* H
Compound example 294 S 00 H C8H17 H H H H H H C17H35\®/* H
Compound example 295 S 00 H C8H17 H H H H H H C13H37\©/* H
TABLE 15
X pgq R R R R R° RS R” R R® RO
Compound example 296 S 00 H \ * H H H H H H \ * H
C7H15/\/ C7H15/\/
Compound example 297 S 00 H \ * H H H H H H \ * H
C6H13/\/ C6H13/v
Compound example 298 S 00 H \ * H H H H H H \ * H
C8H17/\/ CgH17/\/
Compound example 299 S 00 H \ * H H H H H H \ * H
et N ot NS
Compound example 300 S 00 H N * H H H H H H \ * H
Clonl/\/ CIOHZI/\/
Compound example 301 S 00 H \ * H H H H H H \ * H
C11H23/\/ C11H23/\/
Compound example 302 S 00 H N * H H H H H H \ * H
Clezs/\/ Clezs/\/
Compound example 303 S 00 H \ *'H H H H H H \ * H
C13H27/\/ C13H27/\/
Compound example 304 S 00 H N * H H H H H H \ * H
C14H29/\/ C14H29/\/
Compound example 305 S 00 H \ * H H H H H H \ * o
C15H31/\/ C15H31/\/
TABLE 16
X pq R! R? R* R* R® RS R’ RS R® R!®
Compound example 306 S 00 H \ * H H H H H H \ * H
C16H33/\/ C16H33/\/
Compound example 307 S 00 H N * H H H H H H \ * H
C17H35/\/ C17H35/\/
Compound example 308 § 00 H N *H H H H H H \ * H
C18H37/\/ C18H37/\/
Compound example 309 S 00 H * H H H H H H * H
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TABLE 16-continued

X pgq R! R2 R R RS RS R ORS R’ RO

Compound example 310 S 00 H * H H H H H H * H
CeH3 CeHi3

Compound example 311 S 00 H * H H H H H H * H
C7H;5 C7Hys

Compound example 312§ 00 H * H H H H H H * H
Cslly7 Csly7

Compound example 313 S 00 H /* H HH HH H /* H
C9H19 C9H19

Compound example 314  § 00 H * H H H H H H /* H
CioHaj CioHaj

Compound example 315 S 00 H * H H H H H H /* H
Cl 1H23 C11H23

TABLE 17

X pg R R2 R® R* R° R® R’ R® R® R

Compound example 316 S 00 H * H H H H H H /* H
CoHas CioHos

Compound example 317 S 00 H * H H H H H H /* H
Cy3Hy7 Ci3Hyy

Compound example 318 S 00 H * H H H H H H * H
CraHog CiaHag

Compound example 319 S 00 H * H H H H H H /* H
CysHsi CysHsj

Compound example 320 S 00 H * H H H H H H /* H
CigHs3 CiHs3

Compound example 321 S 00 H * H H H H H H /* H
Cy7H3s Ci7Hss

Compound example 322§ 00 H * H H H H H H /* H

CigHzs

CigHss
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TABLE 18

X p q R'R R® R* R> R® R’ RER® R0
Compound example 323 S 0 0 H C;H;O0 H H H H H HCH,0 H
Compound example 324 S 0 0 H C.H;;0 H H H H H H CH};0 H
Compound example 325 S 0 0 H CH,0 H H H H H HCHL H
Compound example 326 S 0 0 H CgH;;,0 H H H H H H GH,0 H
Compound example 327 S 0 0 H CH,,0 H H H H H H CHLO H
Compound example 328 8§ 0 0 H C,H,0 H H H H H H CH,O H
Compound example 329 S 0 0 HCH,O H H H H H H C H);0 H
Compound example 330 S 0 0 H CH,0 H H H H H H CLH,O H
Compound example 331§ 0 0 H C3H,,0 H H H H H H Cj;H,0 H
Compound example 332§ 0 0 H C,H,0 H H H H H H CLHO0 H
Compound example333 S 0 0 HCH,O H H H H H H CH;0 H
Compound example 334 S 0 0 H CH;30 H H H H H H C4H;30 H
Compound example 335 S 0 0 H C;H;50 H H H H H H C;H;0 H
Compound example 336 8§ 0 0 H C;gH;3,0 H H H H H H CjgH;,0 H
Compound example 337 S 0 1 H C5HII H H H H H H CHUI H
Compound example 338 S 0 1 H C6HI3 H H H H H H C6HI3 H
Compound example 339 S 0 1 H C7HIS H H H H H H C/HI5 H
Compound example 340 S 0 1 H C8H17 H H H H H H CgHI7 H
Compound example 341§ 0 1 H C9HI9 H H H H H H CHHIY H
Compound example 342 S 0 1 H Cl0H21 H H H H H H ClOH21 H
Compound example 343 S 0 1 H CI11H23 H H H H H H CIIH23 H
Compound example 344 S 0 1 H CI12H25 H H H H H H CI2H25 H
Compound example 345 § 0 1 H CI3H27 H H H H H H CI3H27 H
Compound example 346 § 0 1 H C14H29 H H H H H H Cl4H29 H
Compound example 347 S 0 1 H CI5H31 H H H H H H CI5SH31 H
Compound example 348 S 0 1 H CI16H33 H H H H H H CI6H33 H
Compound example 349 S 0 1 H CI7H35 H H H H H H CI7TH35 H
Compound example 350 S 0 1 H CI8H37 H H H H H H CI8H37 H

TABLE 19

X p q R'R? R® R* R® R® R R¥R? R
Compound example 351 S 0 0 H H H H H H H HCsHI H
Compound example 352 S 0 0 H H H H H H H H CeHI3 H
Compound example 353 S 0 0 H H H H H H H H C7HI5 H
Compound example 334 S 0 0 H H H H H H H H C8HI7 H
Compound example 355 S 0 0 H H H H H H H H COHI9 H
Compound example 356 S 0 0 H H H H H H H H Cl0H21 H
Compound example 357 S 0 0 H H H H H H H H CllH23 H
Compound example 358 S§ 0 0 H H H H H H H H CI2H25 H
Compound example 339 S§ 0 0 H H H H H H H H CI3H27 H
Compound example 360 S 0 0 H H H H H H H H Cl4H29 H
Compound example 361 S 0 0 H H H H H H H H CISH3! H
Compound example 32 S 0 0 H H H H H H H H CI16H33 H
Compound example 363 S§ 0 0 H H H H H H H H CI17H35 H
Compound example 364 S 0 0 H H H H H H H H CI8H37 H
Compound example 365 S§ 0 0 H H H H H H H H p-C5HII—Ph—* H
Compound example 366 S§ 0 0 H H H H H H H H p-C6HI3—Ph—* H
Compound example 367 S 0 0 H H H H H H H H p-C/HI5—Ph—* H
Compound example 368 § 0 0 H H H H H H H H p-C8HI17—Ph—* H
Compound example 369 § 0 0 H H H H H H H H p-COHI9—Ph—* H
Compound example 370 § 0 0 H H H H H H H H p-CloH21—Ph—* H
Compound example 371 S 0 0 H H HHH H H HpClIH23—Ph—* H
Compound example 372 § 0 0 H H H H H H H H p-Cl2H25—Ph—* H
Compound example 373 S§ 0 0 H H H H H H H H p-Cl3H27—Ph—* H
Compound example374 S 0 0 H H H H H H H H p-Cl4H29—Ph—* H
Compound example375 S 0 0 H H H H H H H H p-Cl5H31—Ph—* H
Compound example 376 § 0 0 H H H H H H H H p-Clé6H33—Ph—* H
Compound example377 S 0 0 H H H H H H H H p-Cl7TH35—Ph—* H
Compound example378 S 0 0 H H H H H H H H p-Cl8H37—Ph—* H

TABLE 20
X p ¢ R' B R R* R° RS R R R R
Compound example 379 S 0 0 H H H H H H H H cqH), S * )i
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TABLE 20-continued
p g R'R R R RS RS RTRS R® Rl©
Compound example 380 0 0 H HHEHHHH cH; S * H
Ao
Compound example 381 0 0 HHHHHHH CH; ) * H
Ao g
Compound example 382 0 0 HH HHHHH CH, S * H
AR
Compound example 383 0 0 HHHEHHHH cH, S * H
O
Compound example 384 0 0 HHHEHHEHEH N « H
\@/
Compound example 385 0 0 HHHEHHHEH ¢H; N = H
Ao g
Compound example 386 0 0 H H HE HH H H ¢, S = H
Ao
TABLE 21
pqg R R R R R’ RS R RS RY RIO
Compound example 387 00 H H H H H H H ¢, S « H
Ao g
Compound example 388 00 H H H H H H H C,H, S « H
Ao
Compound example 389 00 H H H H H H H C sty S « H
\@/
Compound example 390 00 H HH HEHH H CH; S « H
Ao
Compound example 391 00 H H H HH H H C7H;s S « H
Ao
Compound example 392 00 H H H H H H H CgH;, S « H
\@/
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TABLE 22

X pq R! R? R¥ R* R® RS R R® R® R1C
Compound S 00 H H C’HII H H H H C5HUI H H
example 393
Compound S 00 H H C6HI3 H H H H C6HI3 H H
example 394
Compound S 00 H H C7HI5 H H H H CT7HI5 H H
example 395
Compound S 00 H H C8HI7 H H H H C8HI7 H H
example 396
Compound S 00 H H COHI9 H H H H C9HI9 H H
example 397
Compound S 00 H H CIOH21 H H H H CIl0H21 H H
example 398
Compound S 00 H H CllH23 H H H H CIl1H23 H H
example 399
Compound S 00 H H CI2H25 H H H H CI2H25 H H
example 400
Compound S 00 H H CI3H27 H H H H CI3H27 H H
example 401
Compound S 00 H H Cl4H29 H H H H Cl4H29 H H
example 402
Compound S 00 H H CI5H31 H H H H CI5H3I H H
example 403
Compound S 00 H H CI6H33 H H H H CI6H33 H H
example 404
Compound S 00 H H CI7H35 H H H H CI17H35 H H
example 405
Compound S 00 H H CI8H37 H H H H CI8H37 H H
example 406
Compound S 00 H 3,7-Dimethyloctyl H H H H H H 3,7-Dimethyloctyl H
example 407
Compound S 00 H 2-Ethylhexyl H H H H H H 2-Ethylhexyl H
example 408
Compound S 00 H H H H H H H H
example 409

—Si—O0—S8i—(CH,)s—* —Si—O0—S8i—(CH,)s—*
Compound S 00 H H H H H H H H H
example 410
—Si—O0—S8i—(CH,)s—*
Compound § 00 H H H H H H H H
example 411 Colljy—= « CHjy—= "
Compound S 00 H H H H H H H H
example 412 « «
CeHyy / CgHyy /
TABLE 23

X pqg R R? R} R4 R’ R® R” R® R® RIC
Compound O 00 H C5H11 H H H H H H C5H11 H
example 413
Compound O 00 H C6H13 H H H H H H C6H13 H
example 414
Compound O 00 H CT7H15 H H H H H H C7H15 H
example 415
Compound O 00 H C8H17 H H H H H H C8H17 H
example 416
Compound O 00 H C9H19 H H H H H H C9H19 H
example 417
Compound O 00 H C10H21 H H H H H H C10H21 H
example 418
Compound O 00 H CI11H23 H H H H H H CI1H23 H

example 419
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TABLE 23-continued

X pq R R? R R* R’ RS R7 RS R® R
Compound O 00 H CI12H25 H H H H H H C12H25 H
example 420
Compound O 00 H C13H27 H H H H H H C13H27 H
example 421
Compound O 00 H C14H29 H H H H H H C14H29 H
example 422
Compound O 00 H C15H31 H H H H H H C15H31 H
example 423
Compound O 00 H C16H33 H H H H H H C16H33 H
example 424
Compound O 00 H C17H35 H H H H H H C17H35 H
example 425
Compound O 00 H CI18H37 H H H H H H C18H37 H
example 426
Compound S 00 H S * H H ‘ H H S * H
example 427 Q/ _ o Q/

D i e
Compound S 00 H Ph H H | H H Ph H
example 428 L L
—Tl — N —— *

Compound S 00 C5HlU H H H H H H H H C5HI1
example 429
Compound S 00 C6HI3 H H H H H H H H C6H13
example 430
Compound S 00 C7H15 H H H H H H H H C7H15
example 431
Compound S 00 C8HL7 H H H H H H H H C8H17
example 432
Compound S 00 C9HI19 H H H H H H H H COH19
example 433
Compound S 00 CloH21 H H H H H H H H CI0H21
example 434
Compound S 00 Cl1H23 H H H H H H H H C11H23
example 435
Compound S 00 C12H25 H H H H H H H H C12H25
example 436
Compound S 00 C13H27 H H H H H H H H C13H27
example 437
Compound S 00 C14H29 H H H H H H H H C14H29
example 438
Compound S 00 C15H31 H H H H H H H H C15H31
example 439
Compound S 00 Cl6H33 H H H H H H H H C16H33
example 440
Compound S 00 C17H35 H H H H H H H H C17H35
example 441
Compound S 0 0 C18H37 H H H H H H H H C18H37
example 442
[0266] The compound represented by the Formula (1) may repeating structure, the weight average molecular weight

have a repeating structure and may be a low-molecular
weight compound or a polymer compound. In a case where
the compound represented by Formula (1) is a low-molecu-
lar weight compound, the molecular weight thereof is pref-
erably equal to or less than 3,000, more preferably equal to
or less than 2,000, even more preferably equal to or less than
1,000, and particularly preferably equal to or less than 850.
It is preferable that the molecular Weight is equal to or less
than the upper limit described above because then the
solubility in a solvent can be improved.

[0267] In contrast, from the viewpoint of the stability of
the film quality, the molecular weight is preferably equal to
or greater than 400, more preferably equal to or greater than
450, and even more preferably equal to or greater than 500.
[0268] Furthermore, in a case where the compound rep-
resented by Formula (1) is a polymer compound having a

thereof is preferably equal to or greater than 30,000, more
preferably equal to or greater than 50,000, and even more
preferably equal to or greater than 100,000. In a case where
the compound represented by Formula (1) is a polymer
compound having a repeating structure, it is preferable that
the weight average molecular weight thereof is equal to or
greater than the lower limit described above because then
the intermolecular interaction can be enhanced, and hence
high mobility is obtained.

[0269] Examples of the polymer compound having a
repeating structure include a n-conjugated polymer having a
repeating structure in which the compound represented by
Formula (1) represents at least one or more arylene groups
or heteroarylene groups (thiophene or bithiophene), and a
pendant-type polymer in which the compound represented
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by Formula (1) is bonded to the main chain of the polymer
via the side chain. As the main chain of the polymer,
polyacrylate, polyvinyl, polysiloxane, or the like is prefer-
able, and as the side chain, an alkylene group, a polyethylene
oxide group, or the like is preferable.

[0270] The compound represented by Formula (1) can be
synthesized according to EP2251342A1, EP2301926A1,
EP2301921A1, KR10-2012-0120886A, and Scheme 1
which will be described later.

[0271] In synthesizing the compound of the present inven-
tion, any of reaction conditions may be used. As a reaction
solvent, any solvent may be used. Furthermore, in order to
accelerate a ring forming reaction, an acid or a base is
preferably used, and a base is particularly preferably used.
The optimal reaction conditions vary with the structure of
the intended compound.

[0272] <Intermediate Compound>

[0273] The synthetic intermediate having various substitu-
ents can be synthesized using known reactions in combina-
tion. Furthermore, various substituents may be introduced
into the intermediate at any stage. After the intermediate is
synthesized, it is preferable to purify the intermediate by
column chromatography, recrystallization, or the like and
then further purify it by sublimation. By the sublimation
purification, it is possible to separate organic impurities and
to effectively remove an inorganic salt, a residual solvent,
and the like.

[0274] The present invention also relates to a compound
represented by the following Formula (M1) and a compound
represented by the following Formula (M2).

Formula (M1)
Y! Y?
S S
A A o
: G
v3 LSt 5] Y4
* 4 #*2
[0275] In Formula (M1),

[0276] each of Y! to Y* independently represents a halo-
gen atom, an alkoxy group, an acyloxy group, a hydroxy
group, or a sulfonyl group,

[0277] each of * and *2 independently represents a posi-
tion in which each of Y and Y* can be substituted,

[0278] each of p and q independently represents an integer
of 0 to 2, and
[0279] each of rl and r2 independently represents an

integer of 0 to 2.

Formula (M2)

[0280]

In Formula (M2),
[0281] each of Y* and Y* independently represents a
halogen atom, an alkoxy group, an acyloxy group, a hydroxy
group, or a sulfonyl group,
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[0282] each of * and *2 independently represents a posi-
tion in which each of Y and Y* can be substituted,

[0283] each of p and q independently represents an integer
of 0 to 2, and
[0284] each of rl and r2 independently represents an

integer of 0 to 2.

[0285] It is preferable that each of the compound repre-
sented by Formula (M1) described above and the compound
represented by Formula (M2) described above is the inter-
mediate compound of the compound represented by For-
mula (1) described above. The compound represented by
Formula (1) described above can be synthesized according
to Scheme 1, which will be described later, through a process
in which the compound represented by Formula (M1)
described above and the compound represented by Formula
(M2) described above are synthesized as synthetic interme-
diate compounds.

[0286] InFormula (M1), each of Y' to Y*is independently
a halogen atom, an alkoxy group, an acyloxy group, a
hydroxy group, or a sulfonyl group.

[0287] The halogen atom represented by Y' and Y* in
Formula (M1) is preferably a chlorine atom, a bromine
atom, or an iodine atom, more preferably a bromine atom or
an iodine atom, and particularly preferably a bromine atom.
[0288] The halogen atom represented by Y* and Y* is
preferably a chlorine atom, a bromine atom, or an iodine
atom, more preferably a chlorine atom or a bromine atom,
and particularly preferably a chlorine atom.

[0289] The alkoxy group represented by Y' to Y* in
Formula (M1) is preferably an alkoxy group having 1 to 5
carbon atoms, more preferably an alkoxy group having 1 to
3 carbon atoms, and particularly preferably a methoxy
group.

[0290] The acyloxy group represented by Y' to Y* in
Formula (M1) is preferably an acyloxy group having 1 to 5
carbon atoms, more preferably an acyloxy group having 1 to
3 carbon atoms, and particularly preferably an acetyloxy
group.

[0291] The sulfonyl group means a group represented by
—SO,RY, and RY represents a substituent. R that the
sulfonyl group in Formula (M1) has is preferably a p-tolyl
group or a substituted or unsubstituted alkyl group, more
preferably a haloalkyl group, and particularly preferably a
trifluoromethyl group. The sulfonyl group represented by Y*
to Y* in Formula (M1) is particularly preferably a trifluo-
romethanesulfonyl group.

[0292] The compound represented by Formula (M1) is
preferably a compound in which each of Y* and Y2 in the
Formula (M1) is independently a bromine atom or an iodine
atom, and each of Y* and Y* is independently a chlorine
atom or an alkoxy group.

[0293] InFormula (M2), each of Y and Y* independently
represents a halogen atom, an alkoxy group, an acyloxy
group, a hydroxy group, or a sulfonyl group.

[0294] The halogen atom represented by Y* and Y* in
Formula (M2) is preferably a bromine atom or a chlorine
atom, and more preferably a chlorine atom.

[0295] The alkoxy group represented by Y* and Y* in
Formula (M2) is preferably an alkoxy group having 1 to 5
carbon atoms, more preferably an alkoxy group having 1 to
3 carbon atoms, and particularly preferably a methoxy
group.

[0296] The acyloxy group represented by Y> and Y* in
Formula (M2) is preferably an acyloxy group having 1 to 5
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carbon atoms, more preferably an acyloxy group having 1 to
3 carbon atoms, and particularly preferably an acetyloxy
group.

[0297] R that the sulfonyl group in Fornula (M2) has is
preferably a p-tolyl group or a substituted or unsubstituted
alkyl group, more preferably a haloalkyl group, and particu-
larly preferably a trifluoromethyl group. The sulfonyl group
represented by Y* and Y* in Fornla (M2) is particularly
preferably a trifluoromethanesulfonyl group.

[0298] The compound represented by Formula (M2) is
preferably a compound in which each of Y* and Y* in the
Formula (M2) is independently a chlorine atom, an alkoxy
group, a hydroxy group, or a sulfonyl group.

[0299] In Formulae (M1) and (M2), each of p and q
independently represents an integer of 0 to 2. The preferred
range of p and q in Formulae (M1) and (M2) is the same as
the preferred range of p and q in Formula (1).

[0300] In Formulae (M1) and (M2), each of rl and r2
independently represents an integer of 0 to 2. Each of r1 and
r2 is preferably independently O or 1. More preferably, both
of rl and 12 are 0 or 1.

[0301] <Structure of Organic Transistor>

[0302] The organic transistor of the present invention has
a semiconductor active layer containing the compound rep-
resented by Formula (1).

[0303] The organic transistor of the present invention may
further have layers other than the semiconductor active
layer.

[0304] The organic transistor of the present invention is
preferably used as an organic field effect transistor (FET),
and is more preferably used as an insulated gate-type FET in
which the gate is insulated from channels.

[0305] Hereinafter, preferred structural aspects of the
organic transistor of the present invention will be specifi-
cally described by using drawings, but the present invention
is not limited to the aspects.

[0306] (Lamination Structure)

[0307] The lamination structure of an organic field effect
transistor is not particularly limited, and various known
structures can be adopted.

[0308] For example, the organic transistor of the present
invention can adopt a structure (bottom gate/top contact
type) in which an electrode, an insulator layer, a semicon-
ductor active layer (organic semiconductor layer), and two
electrodes are arranged in this order on the upper surface of
a substrate which is a lowermost layer. In this structure, the
electrode on the upper surface of the substrate as the
lowermost layer is provided in a portion of the substrate, and
the insulator layer is so disposed that it comes into contact
with the substrate in a portion other than the electrode. The
two electrodes provided on the upper surface of the semi-
conductor active layer are arranged in a state of being
separated from each other.

[0309] FIG. 1 shows the constitution of a bottom gate/top
contact-type element. FIG. 1 is a schematic view showing a
section of an exemplary structure of the organic transistor of
the present invention. In the organic transistor shown in FIG.
1, a substrate 11 is disposed as a lowermost layer, an
electrode 12 is provided in a portion of the upper surface
thereof, and an insulator layer 13 is provided such that it
covers the electrode 12 and comes into contact with the
substrate 11 in a portion other than the electrode 12. On the
upper surface of the insulator layer 13, a semiconductor
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active layer 14 is provided, and in a portion of the upper
surface thereof, two electrodes 15a and 155 separated from
each other are arranged.

[0310] In the organic transistor shown in FIG. 1, the
electrode 12 is a gate, and the electrode 154 and the
electrode 15/ are a drain and a source respectively. The
organic transistor shown in FIG. 1 is an insulated gate-type
FET in which a channel as a path of electric currents
between the drain and the source is insulated from the gate.
[0311] As an example of the structure of the organic
transistor of the present invention, a bottom gate/bottom
contact-type element can be exemplified.

[0312] FIG. 2 shows the constitution of the bottom gate/
bottom contact-type element. FIG. 2 is a schematic view
showing a section of the structure of an organic transistor
manufactured as a substrate for measuring FET character-
istics in examples of the present invention. In the organic
transistor shown in FIG. 2, a substrate 31 is disposed as a
lowermost layer, an electrode 32 is provided in a portion of
the upper surface thereof, and an insulator layer 33 is
provided such that it covers the electrode 32 and comes into
contact with the substrate 31 in a portion other than the
electrode 32. Furthermore, a semiconductor active layer 35
is provided on the upper surface of the insulator layer 33,
and electrodes 34a and 34b are in a lower portion of the
semiconductor active layer 35.

[0313] In the organic transistor shown in FIG. 2, the
electrode 32 is a gate, and the electrode 34a and the
electrode 344 are a drain and a source respectively. The
organic transistor shown in FIG. 2 is an insulated gate-type
FET in which a channel as a path of electric currents
between the drain and the source is insulated from the gate.
[0314] As the structure of the organic transistor of the
present invention, a top gate/top contact-type element in
which an insulator and a gate electrode are in the upper
portion of a semiconductor active layer or a top gate/bottom
contact-type element can also be preferably used.

[0315] (Thickness)

[0316] In acase where the organic transistor of the present
invention needs to be a thinner transistor, the total thickness
of the transistor is preferably, for example, 0.1 um to 0.5 um.
[0317] (Sealing)

[0318] In order to improve the preservation stability of the
organic transistor element by blocking the organic transistor
element from the atmosphere or moisture, the entirety of the
organic transistor element may be sealed with a metal
sealing can, glass, an inorganic material such as silicon
nitride, a polymer material such as parylene, a low-molecu-
lar weight material, or the like.

[0319] Hereinafter, preferred aspects of the respective
layers of the organic transistor of the present invention will
be described, but the present invention is not limited to the
aspects.

[0320] <Substrate>
[0321] (Material)
[0322] The organic transistor of the present invention

preferably includes a substrate.

[0323] The material of the substrate is not particularly
limited, and known materials can be used. Examples of the
material include a polyester film such as polyethylene naph-
thalate (PEN) or polyethylene terephthalate (PET), a
cycloolefin polymer film, a polycarbonate film, a triacetyl-
cellulose (TAC) film, a polyimide film, a material obtained
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by bonding these polymer films to extremely thin glass,
ceramics, silicon, quartz, glass, and the like. Among these,
silicon is preferable.

[0324] <Electrode>
[0325] (Material)
[0326] The organic transistor of the present invention

preferably includes an electrode.

[0327] As the material constituting the electrode, known
conductive materials such as a metal material like Cr, Al, Ta,
Mo, Nb, Cu, Ag, Au, Pt, Pd, In, Ni, or Nd, an alloy material
of these, a carbon material, and a conductive polymer can be
used without particular limitation.

[0328] (Thickness)

[0329] The thickness of the electrode is not particularly
limited, but is preferably 10 nm to 50 nm.

[0330] A gate width (or a channel width) W and a gate
length (or a channel length) L are not particularly limited.
However, a ratio of W/L is preferably equal to or greater
than 10, and more preferably equal to or greater than 20.

[0331] <Insulating Layer>
[0332] (Material)
[0333] The material constituting the insulating layer is not

particularly limited as long as an insulating effect is obtained
as required. Examples of the material include silicon diox-
ide, silicon nitride, a fluorine polymer-based insulating
material such as PTFE or CYTOP, a polyester insulating
material, a polycarbonate insulating material, an acryl poly-
mer-based insulating material, an epoxy resin-based insu-
lating material, a polyimide insulating material, a polyvinyl
phenol resin-based insulating material, a poly p-xylylene
resin-based insulating material, and the like.

[0334] A surface treatment may be performed on the upper
surface of the insulating layer. For example, it is possible to
preferably use an insulating layer in which the silicon
dioxide surface thereof is subjected to the surface treatment
by being coated with hexamethyldisilazane (HMDS) or
octadecyltrichlorosilane (OTS).

[0335] (Thickness)

[0336] The thickness of the insulating layer is not particu-
larly limited. However, in a case where the film needs to be
thinned, the thickness of the insulating layer is preferably 10
nm to 400 nm, more preferably 20 nm to 200 nm, and
particularly preferably 50 nm to 200 nm.

[0337] <Semiconductor Active Layer>
[0338] (Material)
[0339] In the organic transistor of the present invention,

the semiconductor active layer contains a compound repre-
sented by Formula (1), that is, the compound of the present
invention.

[0340] The semiconductor active layer may be a layer
consisting of the compound of the present invention or a
layer further containing a polymer binder, which will be
described later, in addition to the compound of the present
invention. Furthermore, the semiconductor active layer may
contain a residual solvent used at the time of forming a film.
[0341] The content of the polymer binder in the semicon-
ductor active layer is not particularly limited. However, the
content of the polymer binder is preferably within a range of
0% by mass to 95% by mass, more preferably within a range
of 10% by mass to 90% by mass, even more preferably
within a range of 20% by mass to 80% by mass, and
particularly preferably within a range of 30% by mass to
70% by mass.

[0342] (Thickness)

[0343] The thickness of the semiconductor active layer is
not particularly limited. However, in a case where the film
needs to be thinned, the thickness of the semiconductor
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active layer is preferably 10 nm to 400 nm, more preferably
10 nm to 200 nm, and particularly preferably 10 nm to 100
nm.

[0344] [Organic Semiconductor Material for Non-Light-
Emitting Organic Semiconductor Device]

[0345] The present invention also relates to an organic
semiconductor material for a non-light-emitting organic
semiconductor device containing the compound represented
by Formula (1).

[0346] (Non-Light-Emitting Organic  Semiconductor
Device)
[0347] In the present specification, a “non-light-emitting

organic semiconductor device” refers to a device which is
not used for the purpose of emitting light. The non-light-
emitting organic semiconductor device preferably uses an
electronic element having a layered structure consisting of
films. The non-light-emitting organic semiconductor device
includes an organic transistor, an organic photoelectric con-
version element (a solid-state imaging element used for a
photosensor, a solar cell used for energy conversion, or the
like), a gas sensor, an organic rectifying element, an organic
inverter, an information recording element, and the like. The
organic photoelectric conversion element can be used for
both a photosensor (solid-state imaging element) and for
energy conversion (a solar cell). Among these, an organic
photoelectric conversion element and an organic transistor
are preferable, and an organic transistor is more preferable.
That 1s, the organic semiconductor material for a non-light-
emitting organic semiconductor device of the present inven-
tion is preferably a material for an organic transistor as
described above.

[0348] (Organic Semiconductor Material)

[0349] In the present specification, the “organic semicon-
ductor material” is an organic material showing character-
istics of a semiconductor. Just as the semiconductor com-
posed of an inorganic material, the organic semiconductor is
classified into a p-type (hole-transporting) organic semicon-
ductor material conducting holes as carriers and an n-type
(electron-transporting) organic semiconductor material con-
ducting electrons as carriers.

[0350] The compound of the present invention may be
used as any of the p-type organic semiconductor material
and the n-type organic semiconductor material, but is pref-
erably used as the p-type. The ease with which the carriers
flow in the organic semiconductor is represented by a carrier
mobility p. The higher the carrier mobility p, the better. The
carrier mobility p is preferably equal to or greater than
1x107* cm?/Vs, more preferably equal to or greater than
1x1072 em*/ Vs, particularly preferably equal to or greater
than 5x1072 cm?/Vs, more particularly preferably equal to or
greater than 1x107' ¢cm?®Vs, and even more particularly
preferably equal to or greater than 2x107" cm*/Vs. The
carrier mobility can be determined by the characteristics of
the prepared field effect transistor (FET) element or by a
time-of-flight (TOF) measurement method.

[0351] [Organic Semiconductor Film for Non-Light-Emit-
ting Organic Semiconductor Device]

[0352] (Material)

[0353] The present invention also relates to an organic
semiconductor film for a non-light-emitting organic semi-
conductor device containing the compound represented by
Formula (1).

[0354] As the organic semiconductor film for a non-light-
emitting organic semiconductor device of the present inven-
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tion, an aspect is also preferable in which the organic
semiconductor film contains the compound represented by
Formula (1) and does not contain a polymer binder.
[0355] Furthermore, the organic semiconductor film for a
non-light-emitting organic semiconductor device of the
present invention may contain the compound represented by
Formula (1) and a polymer binder.

[0356] Examples of the polymer binder include an insu-
lating polymer such as polystyrene, polycarbonate, polyary-
late, polyester, polyamide, polyimide, polyurethane, polysi-
loxane, polysulfone, polymethyl methacrylate, polymethyl
acrylate, cellulose, polyethylene, or polypropylene, a copo-
lymer of these, a photoconductive polymer such as polyvi-
nylcarbazole or polysilane, a conductive polymer such as
polythiophene, polypyrrole, polyaniline, or poly p-phe-
nylenevinylene, and a semiconductor polymer.

[0357] One kind of the aforementioned polymer binder
may be used singly, or plural kinds thereof may be used
concurrently.

[0358] The organic semiconductor material may be uni-
formly mixed with the polymer binder. Alternatively, the
organic semiconductor material and the polymer binder may
be totally or partially in a phase separation state. From the
viewpoint of the charge mobility, a structure, in which the
organic semiconductor and the binder are in a phase sepa-
ration state along the film thickness direction in the film, is
the most preferable because then the binder does not hinder
the organic semiconductor from moving a charge.

[0359] Considering the mechanical strength of the film, a
polymer binder having a high glass transition temperature is
preferable. Furthermore, considering the charge mobility, a
polymer binder having a structure not containing a polar
group, a photoconductive polymer, and a conductive poly-
mer are preferable.

[0360] The amount of the polymer binder used is not
particularly limited. However, in the organic semiconductor
film for a non-light-emitting organic semiconductor device
of the present invention, the amount of the polymer binder
used is preferably within a range of 0% by mass to 95% by
mass, more preferably within a range of 10% by mass to
90% by mass, even more preferably within a range of 20%
by mass to 80% by mass, and particularly preferably within
a range of 30% by mass to 70% by mass.

[0361] In the present invention, by adopting the aforemen-
tioned structure as the structure of the compound, an organic
film having excellent film quality can be obtained. Specifi-
cally, because the compound obtained in the present inven-
tion has excellent crystallinity, a sufficient film thickness can
be obtained, and the obtained organic semiconductor film for
a non-light-emitting organic semiconductor device of the
present invention has excellent quality.

[0362] (Film Forming Method)

[0363] The compound of the present invention may be
formed into a film on a substrate by any method.

[0364] At the time of forming the film, the substrate may
be heated or cooled. By varying the temperature of the
substrate, it is possible to control the film quality or the
packing of molecules in the film. The temperature of the
substrate is not particularly limited. However, it is preferably
between 0° C. to 200° C., more preferably between 15° C.
to 100° C., and particularly preferably between 20° C. to 95°
C.

[0365] The compound of the present invention can be
formed into a film on a substrate by a vacuum process or a
solution process, and both of the processes are preferable.
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[0366] Specific examples of the film forming method by a
vacuum process include a physical vapor deposition method
such as a vacuum vapor deposition method, a sputtering
method, an ion plating method, or a molecular beam epitaxy
(MBE) method and a chemical vapor deposition (CVD)
method such as plasma polymerization, and it is particularly
preferable to use a vacuum vapor deposition method.
[0367] Herein, the film forming method by a solution
process refers to a method of dissolving an organic com-
pound in a solvent which can dissolve the compound and
forming a film by using the solution. Specifically, it is
possible to use general methods like a coating method such
as a casting method, a dip coating method, a die coater
method, a roll coater method, a bar coater method, or a spin
coating method, various printing methods such as an ink jet
method, a screen printing method, a gravure printing
method, a flexographic printing method, an offset printing
method, or a micro-contact printing method, and a Lang-
muir-Blodgett (LB) method. It is particularly preferable to
use a casting method, a spin coating method, an ink jet
method, a gravure printing method, a flexographic printing
method, an offset printing method, or a micro-contact print-
ing method.

[0368] The organic semiconductor film for a non-light-
emitting organic semiconductor device of the present inven-
tion is preferably prepared by a solution coating method. In
a case where the organic semiconductor film for a non-light-
emitting organic semiconductor device of the present inven-
tion contains a polymer binder, it is preferable to prepare a
coating solution by dissolving or dispersing a material,
which will be formed into a layer, and a polymer binder in
an appropriate solvent and to form the organic semiconduc-
tor film by various coating methods.

[0369] Hereinafter, a coating solution for a non-light-
emitting organic semiconductor device of the present inven-
tion that can be used for forming a film by a solution process
will be described.

[0370] [Coating Solution for Non-Light-Emitting Organic
Semiconductor Device]

[0371] The present invention also relates to a coating
solution for a non-light-emitting organic semiconductor
device that contains the compound represented by Formula
.

[0372] In a case where a film is formed on a substrate by
using a solution process, a material which will be formed
into a layer is dissolved or dispersed in either or both of an
appropriate organic solvent (for example, a hydrocarbon-
based solvent such as hexane, octane, decane, toluene,
xylene, mesitylene, ethylbenzene, decalin, or 1-methylnaph-
thalene, a ketone-based solvent such as acetone, methyl
ethyl ketone, methyl isobutyl ketone, or cyclohexanone, a
halogenated hydrocarbon-based solvent such as dichlo-
romethane, chloroform, tetrachloromethane, dichloroethane,
trichloroethane, tetrachloroethane, chlorobenzene, dichlo-
robenzene, or chlorotoluene, an ester-based solvent such as
ethyl acetate, butyl acetate, or amyl acetate, an alcohol-
based solvent such as methanol, propanol, butanol, pentanol,
hexanol, cyclohexanol, methyl cellosolve, ethyl cellosolve,
or ethylene glycol, an ether-based solvent such as dibutyle-
ther, tetrahydrofuran, dioxane, or anisole, an amide.imide-
based solvent such as N,N-dimethylformamide, N,N-dim-
ethylacetamide, 1-methyl-2-pyrrolidone, or 1-methyl-2-
imidazolidinone, a sulfoxide-based solvent such as dimethyl
sulfoxide, or a nitrile-based solvent such as acetonitrile) and
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water so as to obtain a coating solution, and a film can be
formed by various coating methods by using the coating
solution. One kind of the solvent may be used singly, or
plural kinds thereof may be used in combination. Among
these, a hydrocarbon-based solvent, a halogenated hydro-
carbon-based solvent, and an ether-based solvent are pref-
erable, toluene, xylene, mesitylene, tetralin, dichloroben-
zene, and anisole are more preferable, and toluene, xylene,
tetralin, and anisole are particularly preferable. The concen-
tration of the compound represented by Formula (1) in the
coating solution is preferably 0.1% by mass to 80% by mass,
more preferably 0.1% by mass to 10% by mass, and par-
ticularly preferably 0.5% by mass to 10% by mass. In this
way, a film having an arbitrary thickness can be formed.

[0373] In order to form a film by a solution process, the
material needs to dissolve in the solvent exemplified above,
but simply dissolving in a solvent is not good enough.
Generally, even the material formed into a film by a vacuum
process can dissolve in a solvent to some extent. The
solution process includes a step of coating a substrate with
a material by dissolving the material in a solvent and then
forming a film by evaporating the solvent, and many of the
materials not suitable for being formed into a film by the
solution process have high crystallinity. Therefore, the mate-
rial is inappropriately crystallized (aggregated) in the afore-
mentioned step, and hence it is difficult to form an excellent
film. The compound represented by Formula (1) is also
excellent in the respect that it is not easily crystallized
(aggregated).

[0374] As the coating solution for a non-light-emitting
organic semiconductor device of the present invention, an
aspect is also preferable in which the coating solution
contains the compound represented by Formula (1) and does
not contain a polymer binder.

[0375] Furthermore, the coating solution for a non-light-
emitting organic semiconductor device of the present inven-
tion may contain the compound represented by Formula (1)
and a polymer binder. In this case, a material, which will be
formed into a layer, and a polymer binder are dissolved or
dispersed in an appropriate solvent described above so as to
prepare a coating solution, and by using the coating solution,
a film can be formed by various coating methods. The
polymer binder can be selected from those described above.

EXAMPLES

[0376] Hereinafter, the characteristics of the present
invention will be more specifically explained by describing
examples and comparative examples. The materials, the
amount thereof used, the proportion thereof, the content of
treatment, the treatment procedure, and the like described in
the following examples can be appropriately modified
within a range that does not depart from the gist of the
present invention. Accordingly, the scope of the present
invention is not limited to the following specific examples.

Examples 1 to 21 and Comparative Examples 1 to
6

Synthesis Example

[0377] According to a specific synthesis procedure shown
in the following Scheme 1, compound examples 3, 6, 10,
407, 20, 24, 298, 310, 326, 34, 62, 1, 16, 396, 386, 372, 358,
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344, 416, 427, and 429 as compounds represented by
Formula (1) and intermediate compounds (A) to (D) were
synthesized.

Scheme 1
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44
-continued
R—Z7ZnBr
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[0378] Synthesis of Intermediate Compound (A)
—O0
Br Br K>CO;
NMP
150° C.
F F
Br Br
S S
)
[0379] From 1,4-dibromo-2,3-difluorobenzene, an inter-

mediate compound (A) was synthesized by the following
procedure.

[0380] 31 gof 1,4-dibromo-2,3-difluorobenzene, 37.9 g of
potassium carbonate, and 31.9 g of 3-methoxyphenylthiol
were added to 600 ml of N-methylpyrrolidone, followed by
stirring for 2 hours at room temperature in a nitrogen
atmosphere. The reaction mixture was filtered using celite,
ethyl acetate and water were added to the filtrate for extrac-
tion, and oil layers were washed three times with dilute
hydrochloric acid. Then, magnesium sulfate was added to
the oil layers put together so as to dry the oil layers, followed
by filtration, and ethyl acetate was distilled away under
reduced pressure, thereby obtaining 45 g (yield: 77%) of an
oil-like intermediate compound (A).

[0381] The structure of the intermediate compound (A)
was identified by "H-NMR.

[0382] 'H-NMR (400 MHz, DMSQ)
[0383] &:7.88 (s, 2H), 7.17 (t, 2H), 6.73 (d, 2H), 6.51 (s,
2H), 6.50 (d, 2H), 3.68 (s, 6H)
[0384] Synthesis of Intermediate Compound (B)
Br Br
H,05/MTO
g S EtOL, rt.

A
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[0385] From the intermediate compound (A), an interme-

diate compound (B) was synthesized by the following
procedure.

[0386] 23.1 gofthe intermediate compound (A) and 0.548
g of methyltrioxorhenium were dissolved in a mixed solvent
of 176 ml of acetonitrile and 44 ml of dichloromethane, and
25.8 ml of 30% aqueous hydrogen peroxide was added
dropwise thereto at room temperature. After the dropwise
addition, the resulting mixture was stirred for 2 hours at
room temperature, and the generated precipitate was col-
lected by filtration, thereby obtaining 14.3 g (yield: 59%) of
an intermediate compound (B) in the form of a white solid.
[0387] The structure of the intermediate compound (B)
was identified by 'H-NMR.

[0388] 'H-NMR (400 Mz, DMSO)
[0389] :7.89 (s, 21), 7.31 (t, 2H), 6.97 (d, 2H), 6.78 (s,
2H), 6.69 (d, 2H), 3.68 (s, 6H)

[0390] Synthesis of Intermediate Compound (C)
Br Br
Pd(OAc),,
KOAe
S S DMAc
I [l 130°C.
0O ¢}
®)
N, O S S e
N
N, 4
©
[0391] From the intermediate compound (B), an interme-

diate compound (C) was synthesized by the following
procedure.

[0392] 7.8 gof the intermediate (B), 96.5 mg of palladium
acetate, and 2.8 g of potassium acetate were added to 86 ml
of dimethyl acetamide, followed by vacuum deaeration, and
then the resulting solution was heated and stirred for 2 hours
at 130° C. in a nitrogen atmosphere. The reaction solution as
cooled to room temperature and then poured into water, and
the generated precipitate was collected by filtration. The
solid separated by filtration was washed by ultrasonic dis-
persion in ethanol, thereby obtaining 4.2 g (yield: 76%) of
an intermediate (C) in the form of a white solid.
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[0393] The structure of the intermediate compound (C)
was identified by "H-NMR.

[0394] 'H-NMR (400 MHz, CDCL,)

[0395] &:7.85 (s, 2H), 7.75 (d, 2H), 7.59 (s, 2H), 7.17 (d,
2H), 3.94 (s, 6H)

[0396] Synthesis of Intermediate Compound (D)
O SOCL/
PPhy
\O O/ THF,
S\ //S .t
\O 0]
©)
AL
S S
)]
[0397] From the intermediate compound (C), an interme-
diate compound (D) was synthesized by the following
procedure.
[0398] 3.8 g of the intermediate compound (C), 5.63 g of

potassium iodide, and 4.9 g of p-toluenesulfonic acid mono-
hydrate were mixed together and irradiated with ultrasonic
waves for 1 hour at 40° C. The reaction mixture was put into
an aqueous sodium hydrogen sulfite solution, and the
insoluble matter was collected by filtration. The solid sepa-
rated by filtration was washed with toluene, thereby obtain-
ing 2.7 g (vield: 78%) of an intermediate compound (D) in
the form of a white solid.

[0399] The structure of the intermediate compound (D)
was identified by 'H-NMR.

[0400] 'H-NMR (400 MHz, CDCl,)

[0401] &: 8.10-8.07 (m, 4H), 7.40 (s, 2H), 7.10 (d, 2H),
3.94 (s, 6H)

[0402] Through the intermediate compound (D), com-

pound examples 3, 6, 10,407, 20, 24, 298, 310, 326, 34, 62,
1, 16, 396, 386, 368, 358, 344, 416, 427, and 429 as
compounds represented by Formula (1) were synthesized.
The obtained compounds were identified by elementary
analysis, NMR, and MASS spectrometry.

[0403] The structures of comparative compounds 1 to 6
used in a semiconductor active layer (organic semiconductor
layer) of comparative elements are shown below.

[0404] The comparative compound 1 is a compound
described in Tetrahedron Lett., 1973 (17), 1561, and was
synthesized according to the method described in the docu-
ment.

[0405] The comparative compound 2 is a compound
described in Rao, Tilak, Journal of Scientific and Industrial
Research, 1958, vol. 17 B, pp. 260-265 and Kudo, Hirotaka;
Tedjamulia, Marvin L.; Castle, Raymond N.; Lee, Milton L.,
Journal of Heterocyclic Chemistry, 1984, vol. 21, pp. 185-
192, and was synthesized according to the method described
in these documents.

[0406] The comparative compounds 3 and 4 are com-
pounds 232 and 236 of EP2301926A1, and were synthesized
according to the method described in the document.
[0407] The comparative compound 5 was synthesized
according to the method described in EP2251342A1.
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[0408] The comparative compound 6 is a compound 30 of
KR2012-0120886A, and was synthesized according to the
method described in the document.

S S

Comparative compound 1

C

Comparative compound 2

H3CS SCH3

Comparative compound 3
| S S |

Comparative compound 4

-

0

Comparative compound 5

Comparative compound 6

[0409] <Preparation/Evaluation of Element>

[0410] All of the materials used for preparing elements
were purified by sublimation. Through high-performance
liquid chromatography (TSKgel ODS-100Z manufactured
by TOSOH CORPORATION), it was confirmed that the
materials had purity (area ratio for absorption intensity at
254 nm) of equal to or higher than 99.5%.
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[0411] <Formation of Semiconductor Active Layer (Or-
ganic Semiconductor Layer) by Using Compound Alone>
[0412] Each of the compounds of the present invention or
the comparative compounds (1 mg each) was mixed with
toluene (1 mL) and heated to 100° C., thereby obtaining a
coating solution for a non-light-emitting organic semicon-
ductor device. In a nitrogen atmosphere, the coating solution
was cast onto a substrate for measuring FET characteristics
that was heated to 90° C., thereby forming an organic
semiconductor film for a non-light-emitting organic semi-
conductor device. In this way, an organic transistor element
of Example 2 for measuring FET characteristics was
obtained. As the substrate for measuring FET characteristics,
a silicon substrate having a bottom gate/bottom contact
structure was used which comprised chromium/gold (gate
width W=100 mm, gate length T=100 pm) arranged to form
a comb pattern as source and drain electrodes and comprised
Si0, (film thickness: 200 nm) as an insulating layer (the
structure is schematically shown in FIG. 2).

[0413] [Evaluation]
[0414] (a) Carrier Mobility
[0415] By using a semiconductor parameter analyzer

(4156C manufactured by Agilent Technologies) connected
to a semi-automatic prober (AX-2000 manufactured by
Vector Semiconductor Co., [td.), the carrier mobility as one
of the FET characteristics of the organic transistor element
of each of the examples and comparative examples were
evaluated under a normal pressure/nitrogen atmosphere.
[0416] Between the source electrode and the drain elec-
trode of each organic film transistor element (FET element),
a voltage of =80 V was applied, and the gate voltage was
varied within a range of 20 V to =100 V. In this way, a carrier
mobility p was calculated using the following equation
showing a drain current I,.

L=wR2DNC(V-V,)

[0417] In the equation, L represents a gate length, W
represents a gate width, C, represents a capacity of the
insulating layer per unit area, V, represents a gate voltage,
and V,,, represents a threshold voltage.

[0418] (b) Solubility

[0419] Each of the compounds of the present invention or
comparative compounds (2% by mass, 1% by mass, 0.5% by
mass, or 0.1% by mass each) was mixed with toluene (1
mL), heated to 100° C., and then left to stand for 30 minutes
at room temperature. Thereafter, the concentration at which
precipitation did not occur was determined, and the solubil-
ity in toluene was evaluated into 4 levels as below. For
practical use, the compound needs to be evaluated to be A,
B, C, or D. The compound preferably needs to be evaluated
to be A, B, or C, more preferably needs to be evaluated to
be A or B, and particularly preferably needs to be evaluated
to be A.

[0420] A: Precipitation did not occur at 2% by mass.
[0421] B: Precipitation did not occur at 1% by mass but
occurred at 2% by mass.

[0422] C: Precipitation did not occur at 0.5% by mass but
occurred at 1% by mass.

[0423] D: Precipitation did not occur at 0.1% by mass but
occurred at 0.5% by mass.

[0424] E: Precipitation occurred at 0.1% by mass.
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[0425] (c) Threshold Voltage Shift after Repeated Driving
(Threshold Shift)

[0426] Between the source electrode and the drain elec-
trode of each organic transistor element (FET element), a
voltage of -80 V was applied, and the element was repeat-
edly driven 100 times by varying the gate voltage within a
range of 420 V to =100 V. In this way, the element was
measured in the same manner as in the section (a), and a
difference between a threshold voltage V., before the
repeated driving and a threshold voltage V4, after the
repeated driving (IV 4.,V .4,.) Was evaluated into 5 lev-
els as below. The smaller the difference, the higher the
stability of the element against repeated driving. Therefore,
the smaller the difference, the more preferable.

1V, ier=V eporel=1 V A

L VLIV fierVieforel=3 V B:

5 VIV i Viogorel 10 V C:

10 VIV o Vimels15 V D:

IV apper=Vsepore 715V E:
[0427] (d) Quality of Coating Film

[0428] The quality of the coating film was evaluated by
the following method.

[0429] For the semiconductor active layer of the organic
transistor element of Example 2, a domain size was calcu-
lated within a range of 1 mm® by using a polarization
microscope, and the average domain size was calculated.
The obtained result was evaluated into 3 levels as below.
There is no problem with the practical use of an organic
transistor element evaluated to be D. However, the organic
transistor element preferably needs to be evaluated to be A,
B, or C, more preferably needs to be evaluated to be A or B,
and particularly preferably needs to be evaluated to be A.

[0430] A: The average domain size was greater than 10
pm.

[0431] B: The average domain size was greater than 5 pm
but equal to or less than 10 pm.

[0432] C: The average domain size was greater than 1 pm
but equal to or less than 5 um.

[0433] D: The average domain size was greater than 0.5
um but equal to or less than 1 pum.

[0434] E: The average domain size was equal to or less
than 0.5 pm.

[0435] (e) Variation

[0436] Each element was prepared by 30, the mobility of

the prepared 30 elements was measured, and the coefficient
of variation was calculated. The result was evaluated into 5
levels as below.

[0437] For practical use, an element evaluated to be C is
also acceptable. However, the element preferably needs to
be evaluated to be A or B, and more preferably needs to be
evaluated to be A.

[0438] A: Less than 30%

[0439] B: Equal to or greater than 30% but less than 50%
[0440] C: Equal to or greater than 50% but less than 100%
[0441] D: Equal to or greater than 100% but less than
200%

[0442] E: Equal to or greater than 200%

[0443] The respective results are summarized in the fol-

lowing table.
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TABLE 24
Threshold  Quality of

Used compound Mobility Solubility shift coating film  Variation

Example 1 ~ Compound 0.58 A A A A
example 3

Example 2 Compound 0.77 A A A A
example 6

Example 3~ Compound 0.32 A A A A
example 10

Example 4  Compound 0.58 A A A A
example 407

Example 5 Compound 0.7 B A A A
example 20

Example 6  Compound 1.1 B A A A
example 24

Example 7 Compound 0.42 B B A A
example 298

Example 8  Compound 0.28 B B A A
example 310

Example 9  Compound 0.11 B B A A
example 326

Example 10 Compound 0.13 B B B A
example 34

Example 11  Compound 0.18 B B B A
example 62

Example 12 Compound 0.13 B B C B
example 1

Example 13 Compound 0.1 B B C B
example 16

Example 14 Compound 0.01 B B C B
example 396

Example 15 Compound 0.08 B C C C
example 386

Example 16 Compound 0.03 B C C C
example 372

Example 17 Compound 6.4 x 1073 B C C C
example 358

Example 18  Compound 8.6 x 107 B C C C
example 344

Example 19 Compound 2.1x 1073 C C C C
example 416

Example 20 Compound 24x 1073 D C C C
example 427

Example 21  Compound 1.0x 107 B C D C
example 429

Comparative Comparative 6.8 % 107> E C E E

example 1 compound 1

Comparative Comparative 3.7x 107 E C E E

example 2 compound 2

Comparative Comparative No E C C D

example 3 compound 3 characteristics

Comparative Comparative No E C D D

example 4  compound 4 characteristics

Comparative Comparative No D C D D

example 5 compound 5 characteristics

Comparative Comparative No E D E E

example 6  compound 6 characteristics

[0444] From the results shown in the above table, it was that could not be evaluated. Furthermore, the comparative

understood that the compound of the present invention
exhibits excellent solubility in an organic solvent, and the
organic transistor element using the compound of the pres-
ent invention has high carrier mobility. Therefore, it was
understood that the compound of the present invention can
be preferably used as an organic semiconductor material for
a non-light-emitting organic semiconductor device.

[0445] Particularly, Examples 1 to 6 using a compound
re;)resented by Formula (1), in which X is a S atom, each of
R? and R? is an alkyl group, and each of R, R® to R®, and
R'° is a hydrogen atom, showed excellent results in each of
the carrier mobility, solubility, threshold voltage shift
(threshold shift) after repeated driving, quality of coating
film, and variation.

[0446] In contrast, the organic transistor elements using
the comparative compounds 3 to 6 had poor carrier mobility

compounds 1 to 4 and 6 exhibited poor solubility in an
organic solvent.

[0447] The organic transistor element using the compound
of the present invention showed only a slight threshold
voltage shift (threshold shift) after repeated driving, was
excellent in the quality of the coating film, showed a small
variation, and had excellent driving stability.

Examples 101 to 121 and Comparative Examples
101 to 106

Formation of Semiconductor Active Layer (Organic
Semiconductor Layer) by Using Compound and
Binder Together

[0448] Each of the compounds of the present invention or
the comparative compounds (1 mg each) was mixed with 1
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mg of PaMS (poly(a-methylstyrene, Mw=300,000), manu-
factured by Sigma-Aldrich Co. LLC.) and toluene (1 mL),
and the mixture was heated to 100° C., thereby obtaining a
coating solution. Organic transistor elements of Examples
101 to 121 and Comparative examples 101 to 106 for
measuring FET characteristics were prepared in the same
manner as in Examples 1 to 21 and Comparative examples
1 to 6 except that the coating solution obtained as above was
used, and evaluated in the same manner as in Examples 1 to
21 and Comparative examples 1 to 6.

[0449] As a result, it was understood that the organic
transistor elements show the same trend as in Examples 1 to
21 and Comparative examples 1 to 6.

Examples 201 to 221 and Comparative Examples
201 to 206

Formation of Semiconductor Active Layer (Organic
Semiconductor Layer)

[0450] The surface of a silicon wafer, which comprised
Si0, (film thickness: 370 nm) as a gate insulating film, was
treated with octyltrichlorosilane.

[0451] Each of the compounds of the present invention or
the comparative compounds (1 mg each) was mixed with
toluene (1 mL), and the mixture was heated to 100° C.,
thereby preparing a coating solution for a non-light-emitting
organic semiconductor device. In a nitrogen atmosphere, the
coating solution was cast onto the silicon wafer which had
been heated to 90° C. and undergone surface treatment with
octylsilane, thereby forming an organic semiconductor film
for a non-light-emitting organic semiconductor device.
[0452] Furthermore, gold was deposited onto the surface
of the film by using a mask so as to prepare source and drain
electrodes, thereby obtaining organic transistor elements of
Examples 201 to 221 and Comparative examples 201 to 206
having a bottom gate/top contact structure with a gate width
W=5 mm and a gate length L=80 um (the structure is
schematically shown in FIG. 1).

[0453] By using a semiconductor parameter analyzer
(4156C manufactured by Agilent Technologies) connected
to a semi-automatic prober (AX-2000 manufactured by
Vector Semiconductor Co., Ltd.), the FET characteristics of
the organic transistor elements of Examples 201 to 221 and
Comparative examples 201 to 206 were evaluated in the
same manner as in Examples 1 to 21 and Comparative
examples 1 to 6 under a normal pressure/nitrogen atmo-
sphere.

[0454] As a result, it was understood that the organic
transistor elements show the same trend as in Examples 1 to
21 and Comparative examples 1 to 6.

EXPLANATION OF REFERENCES

[0455] 11: substrate

[0456] 12: electrode

[0457] 13: insulator layer

[0458] 14: semiconductor active layer (organic sub-

stance layer, organic semiconductor layer)

[0459] 15a, 155: electrode

[0460] 31: substrate

[0461] 32: electrode

[0462] 33: insulator layer

[0463] 34a, 345 electrode

[0464] 35: semiconductor active layer (organic sub-

stance layer, organic semiconductor layer)
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What is claimed is:

1. An organic transistor comprising a compound repre-
sented by the following Formula (1) in a semiconductor
active layer;

Formula (1)

in Formula (1),

each X independently represents an O atom, a S atom, or
a Se atom,

each of p and q independently represents an integer of 0
to 2,

each of R! to R'%, R?, and R? independently represents a
hydrogen atom, a halogen atom, or a substituent rep-
resented by the following Formula (W), at least one of
R, R% R% R*, R* RS R7,R% R, R R orR% is a
substituent represented by Formula (W), and in a case
where at least one of R® or R° is a substituent repre-
sented by Formula (W), L in Formula (W) represented
by R’ and R® is a divalent linking group represented by
the following Formula (L-2) or (L-3);

-L-R Formula (W)

in Formula (W),

L represents a divalent linking group represented by any
one of the following Formulae (L-1) to (L-25) or a
divalent linking group in which two or more divalent
linking groups represented by any one of the following
Formulae (L-1) to (L-25) are bonded to each other, and

R represents a substituted or unsubstituted alkyl group, a
cyano group, a vinyl group, an ethynyl group, an
oxyethylene group, an oligo-oxyethylene group in
which a repetition number v of an oxyethylene unit is
equal to or greater than 2, a siloxane group, an oligosi-
loxane group having two or more silicon atoms, or a
substituted or unsubstituted trialkylsilyl group;

(L-1)
CR—*
(L-2)
RV
*
RV
(L-3)
(L-4)
OQ—=
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-continued

in Formulae (L-1) to (L-25),
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(1-17)

(L-18)

(L-19)

(L-20)

(L-21)

(L-22)

(L-23)

(L-24)

(L-25)

the portion of a wavy line represents a position of bonding

to a condensed cyclic skeleton,

m in Formula (I-13) represents 4, m in Formulae (L-14)
and (L-15) represents 3, m in Formulae (L-16) to
(L-20) represents 2, m in Formula (L-22) represents 6,
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each R' in Formulae (L-1), (L-2), (L-6). and (L-13) to
(L-24) independently represents a hydrogen atom or a
substituent,

RY represents a hydrogen atom or a substituent, and
each R* independently represents a hydrogen atom, an
alkyl group, an alkenyl group, or an alkynyl group.

2. The organic transistor according to claim 1,

wherein in the Formula (1), each of R*, R*to R7, R*°, R¢,
and R? is independently a hydrogen atom or a halogen
atom,

each of R?, R?, R®, and R is independently a hydrogen
atom, a halogen atom, or a substituent represented by
the Formula (W), and at least one of R% R?, R® or R
is a substituent represented by the Formula (W).

3. The organic transistor according to claim 1,

wherein in the Formula (1), each of p and q is indepen-
dently O or 1.

4. The organic transistor according to claim 1,

wherein in the Formula (1), p and q satisfy p=q=0 or
p=q=1.

5. The organic transistor according to claim 1,

wherein the compound represented by the Formula (1) is
a compound represented by the following Formula

2-1;

Formula (2-1)

in Formula (2-1),

each X independently represents an O atom, a S atom, or
a Se atom,

each of R', R to R®, and R'° independently represents a
hydrogen atom or a halogen atom,

each of R* and R” is independently a hydrogen atom, a
halogen atom, or a substituent represented by the
following Formula (W), at least one of R* or R” is a
substituent represented by Formula (W), and in a case
where a substituent represented by Formula (W) is an
alkyl group, the substituent represented by Formula
(W) is limited to a linear alkyl group having 4 to 18
carbon atoms or a branched alkyl group having 4 or
more carbon atoms;

-L-R

in Formula (W),

L represents a divalent linking group represented by any
one of the following Formulae (L-1) to (L-25) or a
divalent linking group in which two or more divalent
linking groups represented by any one of the following
Formulae (L-1) to (L-25) are bonded to each other, and

R represents a substituted or unsubstituted alkyl group, a
cyano group, a vinyl group, an ethynyl group, an
oxyethylene group, an oligo-oxyethylene group in
which a repetition number v of an oxyethylene unit is
equal to or greater than 2, a siloxane group, an oligosi-

Formula (W)

50
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loxane group having two or more silicon atoms, or a
substituted or unsubstituted trialkylsilyl group;

(@)
CR,—*
L-2)
(/“‘\%R’\
it
L-3)
(L-4)
O_ *
(1-5)
S —_—F
(1-6)
N_ *
RV
(6]
(1-8)
f<’r .
0]
(L-9)

7
—

(L-10)

-
Z—
7/

(L-11)

.
=

=

(L-12)

o\,"‘?“"—u
w2
o“ N\

S
=
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-continued
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in Formulae (L-1) to (L-25),

the portion of a wavy line represents a position of bonding
to a condensed cyclic skeleton,

m in Formula (L-13) represents 4, m in Formulae (L-14)
and (L-15) represents 3, m in Formulae (L-16) to
(L-20) represents 2, m in Formula (L-22) represents 6,

each R' in Formulae (L-1), (L-2), (L-6), and (L-13) to
(L-24) independently represents a hydrogen atom or a
substituent,

R” represents a hydrogen atom or a substituent, and
each R independently represents a hydrogen atom, an
alkyl group, an alkenyl group, or an alkynyl group.

6. The organic transistor according to claim 1,

wherein the compound represented by the Formula (1) is
a compound represented by the following Formula
(2-2);

Formula (2-2)
R? R 4 RS 6 Rb
RS
R®
X
RT  pl ro0 R

in Formula (2-2),

each X independently represents an O atom, a S atom, or
a Se atom,

each of RY, R*to R7, R'°, R% and R? is independently a
hydrogen atom or a halogen atom,

each of R? R R® and R® independently represents a
hydrogen atom, a halogen atom, or a substituent rep-
resented by the following Formula (W), and at least one
of R%, R?, R® or R represents a substituent represented
by Formula (W);

-L-R Formula (W)

in Formula (W),

L represents a divalent linking group represented by any
one of the following Formulae (L-1) to (L-25) or a
divalent linking group in which two or more divalent
linking groups represented by any one of the following
Formulae (L-1) to (L-25) are bonded to each other, and

R represents a substituted or unsubstituted alkyl group, a
cyano group, a vinyl group, an ethynyl group, an
oxyethylene group, an oligo-oxyethylene group in
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which a repetition number v of an oxyethylene unit is
equal to or greater than 2, a siloxane group, an oligosi-
loxane group having two or more silicon atoms, or a
substituted or unsubstituted trialkylsilyl group;

L-1

CR,—*
L-2)
JQ’\
R
(L-3)
L-4)
% O -
L-5)
% S -
L-6)
% N n
RV
L-7)
0
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3’({’( .
0
L-9)
0
f‘{o)k .
(L-10)
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|
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(L-11)
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(L-13)

(L-14)

(L-15)

(L-16)

(1-17)

(L-18)

(L-19)

(L-20)

(L-21)

(L-22)

(L-23)
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-continued
(L-24)
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N,
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in Formulae (L-1) to (L-25),

the portion of a wavy line represents a position of bonding
to a condensed cyclic skeleton,

m in Formula (L-13) represents 4, m in Formulae (L-14)
and (L-15) represents 3, m in Formulae (L-16) to
(L-20) represents 2, m in Formula (L-22) represents 6,

each R' in Formulae (L-1), (L-2), (L-6). and (L-13) to
(L-24) independently represents a hydrogen atom or a
substituent,

RY represents a hydrogen atom or a substituent, and
each R* independently represents a hydrogen atom, an
alkyl group, an alkenyl group, or an alkynyl group.

7. The organic transistor according to claim 1,

wherein in the Formula (1), X is a S atom.

8. The organic transistor according to claim 1,

wherein in the Formula (1), both of R* and R’ are a
substituent represented by the Formula (W), and both
of R? and R® are a hydrogen atom or a halogen aton,

or

both of R? and R® are a substituent re;)resented by the
Formula (W), and both of R* and R are a hydrogen
atom or a halogen atom.

9. The organic transistor according to claim 1,

wherein both of R* and R are a substituent represented by
the Formula (W), and both of R* and R® are a hydrogen
atom.

10. The organic transistor according to claim 1,

wherein the total number of carbon atoms contained in a
group represented by the Formula (W) is 4 to 18.

11. The organic transistor according to claim 1,

wherein in the Formula (W), L is a divalent linking group
represented by any one of the Formulae (L-1) to (L-4)
or a divalent linking group in which a divalent linking
group represented by any one of the Formulae (L-2) to
(L-4) is bonded to a divalent linking group represented
by the Formula (L-1).

12. The organic transistor according to claim 1,

wherein in the Formula (W), L is a divalent linking group
represented by the Formula (L-1), and R is a substituted
or unsubstituted alkyl group.

13. A compound represented by the following Formula

(2-1);

Formula (2-1)

in Formula (2-1),
each X independently represents an O atom, a S atom, or
a Se atom,
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each of R', R? to R?, and R*° independently represents a
hydrogen atom or a halogen atom,

each of R? and R’ is independently a hydrogen atom, a
halogen atom, or a substituent represented by the
following Formula (W), at least one of R? or R is a
substituent represented by Formula (W), and in a case
where a substituent represented by Formula (W) is an
alkyl group, the substituent represented by Formula
(W) is limited to a linear alkyl group having 4 to 18
carbon atoms or a branched alkyl group having 4 or
more carbon atoms;

-L-R Formula (W)

in Formula (W),

L represents a divalent linking group represented by any
one of the following Formulae (L-1) to (L-25) or a
divalent linking group in which two or more divalent
linking groups represented by any one of the following
Formulae (L-1) to (L-25) are bonded to each other, and

R represents a substituted or unsubstituted alkyl group, a
cyano group, a vinyl group, an ethynyl group, an
oxyethylene group, an oligo-oxyethylene group in
which a repetition number v of an oxyethylene unit is
equal to or greater than 2, a siloxane group, an oligosi-
loxane group having two or more silicon atoms, or a
substituted or unsubstituted trialkylsilyl group;

(L-1)

CR/,—*
@2
KQ’\
RV
@-3)
-4
O_ *
L-5)
S J—
(L-6)
N_ *
RV
@7
0
L-8)

e
O
/
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A

(L-9)
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(L-11)

(L-12)

(L-13)

(L-14)

(L-15)

(L-16)
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(L-18)

(L-19)
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in Formulae (L-1) to (L-25),

the portion of a wavy line represents a position of bonding
to a condensed cyclic skeleton,

m in Formula (L-13) represents 4, m in Formulae (L-14)
and (L-15) represents 3, m in Formulae (L-16) to
(L-20) represents 2, m in Formula (L-22) represents 6,

each R' in Formulae (L-1), (L-2), (L-6), and (L-13) to
(L-24) independently represents a hydrogen atom or a
substituent,

R” represents a hydrogen atom or a substituent, and
each R* independently represents a hydrogen atom, an
alkyl group, an alkenyl group, or an alkynyl group.
14. A compound represented by the following Formula

(2-2);

Formula (2-2)

in Formula (2-2),
each X independently represents an O atom, a S atom, or
a Se atom,



US 2016/0343958 Al

each of RY, R* to R7, R'°, R% and R” is independently a
hydrogen atom or a halogen atom,

each of R?, R?, R®, and R® independently represents a
hydrogen atom, a halogen atom, or a substituent rep-
resented by the following Formula (W), and at least one
of R, R?, R®, or R’ represents a substituent represented
by Formula (W),

-L-R Formula (W)

in Formula (W),

L represents a divalent linking group represented by any
one of the following Formulae (L-1) to (L-25) or a
divalent linking group in which two or more divalent
linking groups represented by any one of the following
Formulae (L-1) to (L-25) are bonded to each other, and

R represents a substituted or unsubstituted alkyl group, a
cyano group, a vinyl group, an ethynyl group, an
oxyethylene group, an oligo-oxyethylene group in
which a repetition number v of an oxyethylene unit is
equal to or greater than 2, a siloxane group, an oligosi-
loxane group having two or more silicon atoms, or a
substituted or unsubstituted trialkylsilyl group;

L)
CR,—*
L-2)
(/Q’\
RV
L-3)
(L-4)
O_ k
(L-5)
S —_—F
1-6)
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in Formulae (L-1) to (L-25),

the portion of a wavy line represents a position of bonding
to a condensed cyclic skeleton,

m in Formula (L-13) represents 4, m in Formulae (L-14)
and (L-15) represents 3, m in Formulae (L-16) to
(L-20) represents 2, m in Formula (L-22) represents 6,

each R' in Formulae (L-1), (L-2), (L-6). and (L-13) to
(L-24) independently represents a hydrogen atom or a
substituent,

R” represents a hydrogen atom or a substituent, and
each R™ independently represents a hydrogen atom, an
alkyl group, an alkenyl group, or an alkynyl group.

15. The compound according to claim 13,

wherein in the Formula (2-1), X is a S atom.

16. The compound according to claim 13,

wherein in the Formula (2-1), both of R* and R® are a
substituent represented by the Formula (W), and both
of R? and R® are a hydrogen atom or a halogen atom,
or

both of R* and R® are a substituent represented by the
Formula (W), and both of R* and R® are a hydrogen
atom or a halogen atom.

17. The compound according to claim 13,

wherein both of R? and R are a substituent represented by
the Formula (W), and both of R* and R® are a hydrogen
atom.

18. The compound according to claim 13,

wherein the total number of carbon atoms contained in a
group represented by the Formula (W) is 4 to 18.

19. The compound according to claim 13,

wherein in the Formula (W), L is a divalent linking group
represented by any one of the Formulae (L-1) to (L-4)
or a divalent linking group in which a divalent linking
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group represented by any one of the Formulae (I-2) to
(L-4) is bonded to a divalent linking group represented
by the Formula (L-1).

20. The compound according to claim 13,

wherein in the Formula (W), L is a divalent linking group
represented by the Formula (L-1), and R is a substituted
or unsubstituted alkyl group.

21. An organic semiconductor material for a non-light-
emitting organic semiconductor device, comprising the
compound represented by the Formula (1) according to
claim 1.

22. A material for an organic transistor, comprising the
compound represented by the Formula (1) according to
claim 1.

23. A coating solution for a non-light-emitting organic
semiconductor device, comprising the compound repre-
sented by the Formula (1) according to claim 1.

24. A coating solution for a non-light-emitting organic
semiconductor device according to claim 23, further com-
prising a polymer binder.

25. An organic semiconductor film for a non-light-emit-
ting organic semiconductor device, comprising the com-
pound represented by the Formula (1) according to claim 1.

26. An organic semiconductor film for a non-light-emit-
ting organic semiconductor device according to claim 25,
farther comprising a polymer binder.

27. The organic semiconductor film for a non-light-
emitting organic semiconductor device according to claim
25 that is prepared by a solution coating method.

28. A compound represented by the following Formula
(M1);

Formula (M1)
Y! y?
S S
: i3 .
» ~ —
3 ¥ 7 4
Y, ! 2 2 Y

in Formula (M1),

each of Y! to Y* independently represents a halogen atom,
an alkoxy group, an acyloxy group, a hydroxy group, or
a sulfonyl group,

each of * and *2 independently represents a position in
which each of Y* and Y* can be substituted,

each of p and q independently represents an integer of 0
to 2, and

each of r1 and r2 independently represents an integer of
0to2.

29. A compound represented by the following Formula

(M2);

Formula (M2)

in Formula (M2),

each of Y? and Y* independently represents a halogen
atom, an alkoxy group, an acyloxy group, a hydroxy
group, or a sulfonyl group,
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each of * and *2 independently represents a position in _continued
which each of Y* and Y* can be substituted, (L-3)
each of p and q independently represents an integer of 0
to 2, and e
each of rl and r2 independently represents an integer of
0to 2. -4
30. The compound according to claim 28 that is an
intermediate compound of the compound represented by the O
following Formula (1):
(L-5)
Formula (1)
S_*
(L-6)
N_*
- R’
. (L-7)
in Formula (1), {<’(
each X independently represents an O atom, a S atom, or 0
a Se atom, (L-9)
each of p and g independently represents an integer of 0
to 2, <.
each of R' to R'°, R%, and R independently represents a
hydrogen atom, a halogen atom, or a substituent rep- 0
resented by the following Formula (W), at least one of (L-9)
RL R% RY, R* R%, RS, R, R%, R, RI%, R%, or R% is a 7
substituent represented by Formula (W), and in a case )k
where at least one of R® or R® is a substituent repre- 0 *
sented by Formula (W), L in Formula (W) represented (1-10)
by R and R® is a divalent linking group represented by H
the following Formula (L-2) or (L-3); IL
-L-R Formula (W) e
in Formula (W), 0
L represents a divalent linking group represented by any o (L-11)
one of the following Formulae (L-1) to (L-25) or a
divalent linking group in which two or more divalent )k
linking groups represented by any one of the following N *
Formulae (L-1) to (L-25) are bonded to each other, and |
. . H
R represents a substituted or unsubstituted alkyl group, a (1-12)
cyano group, a vinyl group, an ethynyl group, an
oxyethylene group, an oligo-oxyethylene group in *
which a repetition number v of an oxyethylene unit is 57
equal to or greater than 2, a siloxane group, an oligosi- O// \\O
loxane group having two or more silicon atoms, or a
substituted or unsubstituted trialkylsilyl group; . {13
/>
/
L-1) \ A Ry
(L-14)
CR,—* —N\/*
/
L-2) \ /\Rr
R
(L-15)
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(L-16)

(L17)

(L-18)

(L-19)

(L-20)

(L-21)

Nov. 24,2016
-continued
1-22)
(L-23)
(L-24)
RN
|
N,
(L.
N—|—l/
R
(L-25)
;l!{ Si/
AN
RSZ RSZ

in Formulae (L-1) to (L-25),

the portion of a wavy line represents a position of bonding
to a condensed cyclic skeleton,

m in Formula (L.-13) represents 4, m in Formulae (L-14)
and (L-15) represents 3, m in Formulae (L-16) to
(L-20) represents 2, m in Formula (L-22) represents 6,

each R' in Formulae (L-1), (L-2), (L-6), and (L-13) to
(L-24) independently represents a hydrogen atom or a
substituent,

RY represents a hydrogen atom or a substituent, and

each R independently represents a hydrogen atom, an
alkyl group, an alkenyl group, or an alkynyl group.

L S T T
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