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Description
Technical Field

[0001] The present invention relates to a delayed fluorescence material having a high emission efficiency, and to an
organic electroluminescence element (organic EL element) using the material in the light-emitting layer therein.

Background Art

[0002] A lot of studies for increasing the emission efficiency of organic electroluminescence elements are being made.
In particular, various kinds of efforts have been made to increase the emission efficiency by newly developing and
combining an electron transport material, a hole transport material, a light-emitting materials and others that constitute
an organic electroluminescence element. Among them, there are seen some studies relating to an organic electrolumi-
nescence element that utilizes a spirobifluorene structure-having compound, for which some proposals have heretofore
been made.

[0003] For example, PTL 1 describes a phosphorescent organic electroluminescence element that uses a spirobiflu-
orene structure-having compound in the hole blocking layer therein. PTL 2 describes an organic electroluminescence
element that uses a compound having a spirobifluorene structure with two carbazole groups bonding thereto, as a host
material in the light-emitting layer therein. Further, PTL 3 describes an organic electroluminescence element that uses
a compound having a spirobifluorene structure substituted with a phenylvinyl group or a phenyl group, as a host material
in the light-emitting layer therein. PTL 4 describes an organic electroluminescence element in which the light-emitting
layeris formed of only a compound that has a spirobifluorene structure substituted with a biphenyl group. PTL 5 describes
an organic electroluminescence element in which the light-emitting layer is formed of only a benzene or naphthalene
compound substituted with from 1 to 3 spirobifluorene rings. PTL 6 describes an organic electroluminescence element
in which the light-emitting layer is formed of only a benzene compound substituted with from 3 to 6 spirobifluorene rings.

Citation List
Patent Literature
[0004]

PTL1: JP-T 2006-528836
PTL2: JP-A2010-27681
PTL3: JP-A2001-307879
PTL4: JP-A7-278537
PTLS5: JP-A2002-121547
PTL6: JP-A2006-256982

Summary of Invention
Technical Problem

[0005] As in the above, various investigations of spirobifluorene structure-having compounds have heretofore been
made, and some proposals relating to application of those compounds to organic electroluminescence elements have
been made. However, it could not be said that comprehensive studies relating to all such spirobifluorene structure-having
compounds could have been achieved thoroughly. In particular, regarding use of a spirobifluorene structure-having
compound as a light-emitting material in an organic electroluminescence element, usefulness of only a part of such
compounds has heretofore been confirmed. In addition, any definite relationship between the chemical structure of a
spirobifluorene structure-having compound and the usefulness of the compound as a light-emitting material could not
be found out as yet, and the situation is that it is difficult to anticipate the usefulness of the compound as a light-emitting
material based on the chemical structure thereof. Further, synthesis of a spirobifluorene structure-having compound is
not always easy, and therefore itis also difficult to provide the compound itself. Taking these problems into consideration,
the present inventors synthesized various spirobifluorene structure-having compounds and advanced the investigation
for evaluating in detail the usefulness of those compounds as a light-emitting material in organic electroluminescence
elements. In addition, the inventors made assiduous studies for the purpose of leading out a general formula of compounds
useful as a light-emitting material and generalizing the constitution of an organic electroluminescence element having
a high emission efficiency.



10

15

20

25

30

35

40

45

50

55

EP 2733 761 A1
Solution to Problem
[0006] For attaining the above-mentioned objects, the present inventors made assiduous studies and, as a result,
have found that specific compounds having a spirobifluorene structure have an excellent property as a delayed fluores-
cence material for organic electroluminescence elements. Based on this finding, the present inventors have provided
the present invention described hereinunder, as a solution to the above problems.

[0007]

[1] A delayed fluorescence material comprising a compound represented by the following general formula (1):

[Chem. 1]

General Formula (1)

In the general formula (1), R, R2, R3, R4, R, R6, R7 and R8 each independently represent a hydrogen atom or an
electron-donating group, and at least one of these is an electron-donating group. R9, R10, R11, R12, R13, R14, R15
and R16 each independently represent a hydrogen atom or an electron-withdrawing group, and at least one of these
is an electron-withdrawing group.

[2] The delayed fluorescence material according to [1], wherein at least two of R, RZ, R3, R4, R% R® R7 and R8in
the general formula (1) each are an electron-donating group.

[3] The delayed fluorescence material according to [1], wherein, in the general formula (1), at least one of R', R2,
R3 and R4 is an electron-donating group, and at least one of R5, Ré, R7 and R8 is an electron-donating group.

[4] The delayed fluorescence material according to [1], wherein, in the general formula (1), at least one of R2 and
R3 is an electron-donating group, and at least one of R® and R” is an electron-donating group.

[5] The delayed fluorescence material according to [1], wherein, in the general formula (1), R2 or R3 is an electron-
donating group and R8 or R7 is an electron-donating group.

[6] The delayed fluorescence material according to any one of [1] to [5], wherein at least one of R1, R2, R3, R4, RS,
R6, R7 and R8 is an electron-donating group that contains a structure represented by any of the following general
formulae (2) to (4) :
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[Chem. 2]
General Formula (2)
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In the general formula (2), Z' represents a nitrogen atom, an oxygen atom, a sulfur atom or a silicon atom, and may
form, each independently at A’ and A2, an aromatic ring, a heteroaromatic ring, an aliphatic ring or a nonaromatic
hetero ring. In the general formula (3), R20 represents a hydrogen atom, an aryl group or an atomic group necessary
for forming the ring structure represented by A4, and may form, each independently as A3 and A4, a heteroaromatic
ring or a nonaromatic hetero ring. In the general formula (4), Z', Z2, Z3 and Z4 each independently represent an
oxygen atom or a sulfur atom.

[7] The delayed fluorescence material according to any one of [1] to [5], wherein at least one of R1, R2, R3, R4, RS,
R6, R7 and R8 is an electron-donating group that contains a structure of any of the following D1 to D10:

[Chem. 3]
o %
D1 D2 D3 D4 D5

H
& o o & oo
D6 D7 D8 D9 D10
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[8] The delayed fluorescence material according to [7], wherein at least one of R1, R2, R3, R4, R5, R6, R” and R8 is
an electron-donating group that contains a structure represented by the above D3 or D9.

[9] The delayed fluorescence material according to any one of [1] to [8], wherein at least two of R9, R10, R11, R12,
R13, R4, R15 and R'6 in the general formula (1) each are an electron-withdrawing group.

[10] The delayed fluorescence material according to any one of [1] to [8], wherein, in the general formula (1), at
least one of R, R19, R'1 and R12 is an electron-withdrawing group, and at least one of R13, R14, R15 and R16 is an
electron-withdrawing group.

[11] The delayed fluorescence material according to any one of [1] to [8], wherein, in the general formula (1), R10
or R is an electron-withdrawing group, and R4 or R15 is an electron-withdrawing group.

[12] The delayed fluorescence material according to any one of [1] to [8], wherein, in the general formula (1), R10
or R'1is a cyano group, and R4 or R'5is a cyano group.

[13] An organic electroluminescence element having an anode, a cathode, and at least one organic layer containing
a light-emitting layer between the anode and the cathode, wherein the light-emitting layer contains the delayed
fluorescence material of any one of [1] to [12].

[14] A compound represented by the following general formula (1°):

[Chem. 4]

General Formula (1')

In the general formula (1°), R', R2, R3, R4, R5, R6, R7 and R8 each independently represent a hydrogen atom or an
electron-donating group, and at least one of these is an electron-donating group that contains a structure represented
by any of the above-mentioned general formulae (2) to (4). R®, R10, R11, R12, R13 R14 R15 and R16 each independ-
ently represent a hydrogen atom or an electron-withdrawing group, and at least one of these is an electron-with-
drawing group.

[15] The compound according to [14], wherein at least one of R, R2, R3, R4, R5, R6, R” and R8 is an electron-
donating group that contains a structure represented by any of the above D1 to D8.

[16] The compound according to [15], wherein at least one of R, R2, R3, R4, R®, R6, R” and R8 is an electron-
donating group that contains a structure represented by the above D9. Advantageous Effects of Invention

[0008] The delayed fluorescence material of the invention is a first-ever delayed fluorescence material having a spirob-
ifluorene structure. Use of the delayed fluorescence material of the invention is used as a light-emitting material provides
an organic electroluminescence element having a high emission efficiency.

Brief Description of Drawings
[0009]

[Fig. 1] This is a schematic cross-sectional view showing a layer configuration of the organic electroluminescence
element of Examples.

[Fig. 2] This is an emission spectrum of the co-deposition film in Example 1.

[Fig. 3] This is a graph showing the PL transient decay in Example 1.

[Fig. 4] This is an emission spectrum of the organic electroluminescence element in Example 1.

[Fig. 5] This is a graph showing the relationship between the temperature and the emission efficiency in Example 1.
[Fig. 6] This is a graph showing the relationship between the intensity ratio of the long-life emission to the prompt
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emission and the reciprocal of the temperature in Example 1.

[Fig. 7] This is a graph showing the relationship between the current density and the external quantum efficiency in
Example 1.

[Fig. 8] This is a graph showing the current density-voltage-luminance (J-V-L) characteristic in Example 1.

[Fig. 9] This is an emission spectrum of the solution in Example 42.

[Fig. 10] This is a graph showing the PL transient decay in Example 42.

[Fig. 11] This is a graph showing the PL transient decay in Example 43.

Description of Embodiments

[0010] The contents of the invention are described in detail hereinunder. The description of the constitutive elements
of the invention given hereinunder is for some typical embodiments and specific examples of the invention; however,
the invention should not be limited to such embodiments and specific examples. In this description, the numerical range

expressed by the wording "a number to another number" means the range that falls between the former number indicating
the lower limit of the range and the latter number indicating the upper limit thereof.

[Compound Represented by General Formula (1)]

[0011] The delayed fluorescence material of the invention contains a compound represented by the following general
formula (1). The compound represented by the general formula (1) is first described.

[Chem. 5]

General Formula (1)

R3 R RS RS

[0012] In the general formula (1), R, R2, R3, R4, R5, R, R7 and R8 each independently represent a hydrogen atom
or an electron-donating group. However, at least one of these is an electron-donating group. When two or more of these
are electron-donating groups, those two or more electron-donating groups may be the same or different. Preferably,
they are the same. Of R, R2, R3, R4, R5, R6, R” and R8, preferably, any one or more of R2, R3, R4, R, R6 and R7, more
preferably two or more of these are electron-donating groups. Preferably, one or more of R2, R3, R6 and R7, more
preferably two or more of these are electron-donating groups. Even more preferably, one or more of R2, R3, R6 and R7,
more preferably two or more of these are electron-donating groups. In case where two or more are electron-donating
groups, preferably, one of R2 and R3, and one of R® and R7 are electron-donating groups.

[0013] The electron-donating group represented by R, R2, R3, R4, R5, R6, R” and R8 is a group which, when bonding
to the spirobifluorene ring, exhibits a property of donating an electron to the ring. The electron-donating group may be
any of an aromatic group, a heteroaromatic group or an aliphatic group, or may be a composite group formed of two or
more of these groups. Examples of the electron-donating group include an alkyl group (which may be any of a linear,
branched or cyclic group, preferably having from 1 to 6 carbon atoms, more preferably from 1 to 3 carbon atoms, and
concretely includes a methyl group, an ethyl group, a propyl group, a pentyl group, a hexyl group, an isopropyl group),
an alkoxy group (which may be any of a linear, branched or cyclic group, preferably having from 1 to 6 carbon atoms,
more preferably from 1 to 3 carbon atoms, and concretely includes a methoxy group), an amino group or a substituted
amino group (preferably an amino group substituted with an aromatic group, concretely including a diphenylamino group,
an anilyl group, a tolylamino group), an aryl group (which may be a single ring or a fused ring and may be further
substituted with an aryl group, concretely including a phenyl group, a biphenyl group, a terphenyl group), an electron-
donating group that contains a heterocyclic structure (preferably an electron-donating group that contains a heterocyclic
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structure containing a nitrogen atom or a sulfur atom, concretely including a thiophenyl group, a benzothiophenyl group,
ajulolidyl group, a pyrrolyl group, an indolyl group, a carbazolyl group), etc. Preferably, for example, the electron-donating
group has a op value of at most -0.06, more preferably at most -0.14, even more preferably at most -0.28.

[0014] Preferably, at least one of R, R2, R3, R4, R5, R6, R7 and R8 is an electron-donating group that contains a
structure represented by any of the following general formulae (2) to (4) :

[Chem. 6]

General Formula (2)
!/x";l_“\ /,—..,\\
i 2
\\x / \ ﬁ /;’I
B 21 e

General Formula (3)
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General Formula (4)
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| =]

z3 zZs

[0015] In the general formula (2), Z' represents a nitrogen atom, an oxygen atom, a sulfur atom or a silicon atom. In
the general formula (2), A’ and A2 may form, each independently, an aromatic ring, a heteroaromatic ring, an aliphatic
ring or a nonaromatic hetero ring, or may not form such a ring. For example, when Z1 is a nitrogen atom and when both
A and A2 form benzene rings, the general formula (2) represents a carbazole structure. When A’ forms a benzene ring
but A2 does not form a ring structure, the general formula (2) represents an indole structure. Further, when both A' and
A2 do not form a ring structure, the general formula (2) represents a pyrrole structure. Other cases are described. When
Z1is a silicon atom and when both A'! and A2 form benzene rings, the general formula (2) represents a silafluorene
structure. When Z1 is a sulfur atom and when A forms a benzene ring but A2 does not form a ring structure, the general
formula (2) represents a benzothiophene structure.

[0016] When A" and A2 in the general formula (2) form ring structures, the ring structures may be fused ring structures
of multiple rings that are fused together. Not specifically defined, such a fused ring may be one formed by fusing aromatic
rings together, or may be one formed by fusing heteroaromatic rings together, or may be one formed by fusing aliphatic
rings together, or may further be any other that is formed by fusing different types of rings, such as an aromatic ring and
a heteroaromatic ring. The rings to be fused together may be the same or different. For example, when Z' is a sulfur
atom, when A’ forms a ring structure of a furan ring fused to a benzene ring, and when A2 does not form a ring structure,
the general formula (2) represents a benzodifuran structure.

[0017] The ring structure that A" and A2 in the general formula (2) may form is preferably an aromatic ring or a
heteroaromatic ring, more preferably an aromatic ring.

[0018] The aromatic ring that A' and A2 may form is a benzene ring. The heteroaromatic ring that A' and A2 may form
includes, for example, a furan ring, a thiophene ring, a pyrrole ring, an oxazole ring, an isoxazole ring, a thiazole ring,
an isothiazole ring, an imidazole ring, a pyrazole ring, a furazane ring, a pyridine ring, a pyridazine ring, a pyrimidine
ring, a pyrazine ring. The aliphatic ring that A" and A2 may form includes a cyclopentene ring, a cyclohexene ring, a
cycloheptene ring, a cyclopentadiene ring, a cyclohexadiene ring, a cycloheptadiene ring, a cycloheptatriene ring. The
nonaromatic hetero ring that A and A2 may form includes, for example, a pyrroline ring, an imidazoline ring, a pyrazoline
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ring. The fused ring that AT and A2 may form includes, forexample, a naphthalene ring, an anthracene ring, a phenanthrene
ring, a pyrene ring, an indole ring, an isoindole ring, an indazole ring, a chromene ring, a quinoline ring, an isoquinoline
ring, a cinnoline ring, a quinazoline ring, a quinoxaline ring, a phthalazine ring, a puteridine ring, a xanthene ring, a
carbazole ring, a phenanthridine ring, an acridine ring, a phenazine ring, a phenanthroline ring, etc.

[0019] In the general formula (3), R20 represents a hydrogen atom, an aryl group or an atomic group necessary for
forming the ring structure represented by A4. In the general formula (3), A3 and A4 may form, each independently, a
heteroaromatic ring or a nonaromatic hetero ring, or may not form such aring. For specific examples of the heteroaromatic
ring and the nonaromatic hetero ring that A3 and A4 may form, referred to are the specific examples of the heteroaromatic
ring or the nonaromatic hetero ring that the above-mentioned A! and A2 may form. The aryl group that R20 may take
may have a fused structure of two or more aromatic rings fused together. The ring-constituting carbon number of the
aryl group is preferably from 6 to 22, more preferably from 6 to 18, even more preferably from 6 to 14, still more preferably
from 6 to 10 (i.e., benzene ring, naphthalene ring). Most preferred is a phenyl group.

[0020] Examples of the structure represented by the general formula (3) are described. For example, when R20 is a
hydrogen atom and when A3 does not form a ring structure, the general formula (3) represents an aniline structure.
When R20is abenzene ring and when A3 does notform aring structure, the general formula (3) represents a diphenylamine
structure. Further, when R20 is an atomic group necessary for forming a piperidine ring and when A3 forms a piperidine
ring, the general formula (3) represents a julolidine structure.

[0021] In the general formula (4), Z', Z2, Z3 and Z4 each independently represent an oxygen atom or a sulfur atom.
These atoms may be the same or different, but preferably these are the same.

[0022] Preferred examples of the ring structure represented by the general formulae (2) to (4) are listed below. However,
the ring structures that may be employed in the invention should not be limitatively interpreted by these specific examples.

[Chem. 7]
s
D1 D2 D3 D4 D5
H
YOO anp (=1
D6 D7 D8 D9 D10

[0023] The atom or the atomic group bonding to the structure represented by the general formulae (2) to (4) may be
so selected that the substituent could exhibit an electron-donating property as a whole. Typical substituents that may
bond to these structures include an alkyl group, an alkoxy group, an aryl group, an aryloxy group. Also preferably, an
electron-donating group is employed as the substituent.

[0024] The alkyl group as referred to in this description may be linear, branched or cyclic. Preferred is a linear or
branched alkyl group. The carbon number of the alkyl group is preferably from 1 to 20, more preferably from 1 to 12,
even more preferably from 1 to 6, still more preferably from 1 to 3 (i.e., a methyl group, an ethyl group, an n-propyl group,
an isopropyl group). The cyclic alkyl group includes, for example, a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group.

[0025] The aryl group as referred to in this description may be one comprising one aromatic ring, or may have a fused
structure of two or more aromatic rings fused together. The ring-constituting carbon number of the aryl group is preferably
from 6 to 22, more preferably from 6 to 18, furthermore preferably from 6 to 14, even more preferably from 6 to 10 (i.e.,
a phenyl group, a 1-naphthyl group, a 2-naphthyl group). Most preferred is a phenyl group.

[0026] The aryloxy group as referred to in this description may be linear, branched or cyclic. Preferred is a linear or
branched alkoxy group. The carbon number of the alkoxy group is preferably from 1 to 20, more preferably from 1 to
12, even more preferably from 1 to 6, still more preferably from 1 to 3 (i.e., a methoxy group, an ethoxy group, an n-
propoxy group, an isopropoxy group). The cyclic alkoxy group includes, for example, a cyclopentyloxy group, a cyclohex-



10

15

20

25

30

35

40

45

50

55

EP 2733 761 A1

yloxy group, a cycloheptyloxy group.

[0027] The aryloxy group as referred to in this description may be one comprising one aromatic ring, or may have a
fused structure of two or more aromatic ring fused together. The carbon number of the aryloxy group is preferably from
6 to 22, more preferably from 6 to 18, even more preferably from 6 to 14, still more preferably from 6 to 10 (i.e., a
phenyloxy group, a 1-naphthyloxy group, a 2-naphthyloxy group).

[0028] In the general formula (1), R?, R10, R11, R12, R13 R14, R15 and R'6 each independently represent a hydrogen
atom or an electron-withdrawing group. However, at least one of these is an electron-withdrawing group. When two or
more of these are electron-withdrawing groups, those two or more electron-withdrawing groups may be the same or
different. Preferably, the groups are the same. Of R%, R10, R11 R12 R13 R14 R15 and R16, preferably, any one or more
of R10, R11, R12, R13, R4 and R'5, more preferably two or more are electron-withdrawing groups. More preferably, any
one or more of R10, R11, R14 and R15, even more preferably two or more of these are electron-withdrawing groups. Still
more preferably, any one or more of R10, R'1, R14 and R'5, further more preferably two or more of these are electron-
withdrawing groups. In case where two or more are electron-withdrawing groups, preferably, any one of R10 and R11
and any one of R4 and R'5 are electron-withdrawing groups.

[0029] The electron-withdrawing group to be represented by R9, R19, R11, R12 R13 R14 R15 and R16 in the general
formula (1) is a group which, when bonding to the spirobifluorene ring, exhibits a property of withdrawing an electron
from the spirobifluorene ring. The electron-withdrawing group may be any of an aromatic group, a heteroaromatic group
or an aliphatic group, or may be a composite group formed of two or more of these groups. Examples of the electron-
withdrawing group include a nitro group, a perfluoroalkyl group (preferably having from 1 to 6 carbon atoms, more
preferably from 1 to 3 carbon atoms, and concretely including a trifluoromethyl group), a sulfonyl group, an electron-
withdrawing group that has a heterocyclic structure (the electron-withdrawing group of the type includes, for example,
those except a triazino group, preferably an electron-withdrawing group that contains a heterocyclic structure containing
a nitrogen atom or a sulfur atom, and specific examples thereof include an oxadiazolyl group, a benzothiadiazolyl group,
a tetrazolyl group, a thiazolyl group, an imidazolyl group, etc.), a phosphine oxide structure-containing group, a cyano
group, etc. Preferably, the electron-withdrawing group has, for example, a op value of at least 0.02, more preferably at
least 0.34, even more preferably at least 0.62. Preferred examples of the electron-withdrawing group include a cyano
group and a group having a higher electron-withdrawing capability than a cyano group (for example, a nitro group).
[0030] As the family of the compounds represented by the general formula (1), there may be defined various types of
compound groups. For example, there may be mentioned a compound family where at least one of R', R2, R3, R4, RS,
R6, R7 and R8 is a diarylamino group optionally substituted with an electron-donating group, and at least one of R, R10,
R11, R12, R13, R14, R15 and R'6 is a cyano group; and any other compound family of the general formula (1) from which
the previous compound family is excluded.

[0031] Another family of the compounds represented by the general formula (1) includes, for example, those where
from 11 to 14 of R1, R2, R3, R4, R5 R6 R7, R8 R9, R10, R11, R12, R13, R14, R'5 and R'6 are hydrogen atoms. In this,
preferably, from 4 to 7 of R!, R2, R3, R4, RS, R6, R7 and R8 are hydrogen atoms, more preferably 6 or 7 of these are
hydrogen atoms. Also preferably, from 4 to 7 of R9, R10, R11, R12, R13 R4 R'5 and R'6 are hydrogen atoms, more
preferably 6 of 7 of these are hydrogen atoms. Preferred examples include those where 7 of R1, R2, R3, R4, R5, R6, R
and R8 are hydrogen atoms, and 7 of R%, R10, R11, R12, R13, R4, R15 and R'6 are hydrogen atoms, and those where
6 of R1, R2, R3, R4, R5, R6, R7 and R8 are hydrogen atoms, and 6 of R, R10, R"!, R12, R13, R14 R15 and R16 are
hydrogen atoms.

[0032] Still another family of the compounds represented by the general formula (1) includes, for example, a family of
monospirobifluorene compounds. In the compound family of the type, R, R2, R3, R4, R5, R6, R7, R8, R?, R10 R11 R12,
R13, R14 R15 and R'6 are not a group that contains a spirobifluorene ring.

[0033] Still another family of the compounds represented by the general formula (1) includes those represented by
the following general formula (1’). The general formula (1°) includes novel compounds.
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[Chem. 8]

General Formula (1')

[In the general formula (1’), R, R2, R3, R4, R5, R6, R7 and R8 each independently represent a hydrogen atom or an
electron-donating group, and at least one of these is an electron-donating group that contains a structure represented
by any of the above-mentioned general formulae (2) to (4). R%, R19, R11, R12, R13, R4, R15 and R16 each independently
represent a hydrogen atom or an electron-withdrawing group, and at least one of these is an electron-withdrawing group.]
[0034] Inthe general formula (1'), preferably, at least one of RT, R2, R3, R4, R5, R8, R7 and R8 is an electron-donating
group that contains a structure represented by any of the above-mentioned D1 to D8. Also preferably, at least one of
R1, R2, R3, R4, R5, R6, R7 and R8 is an electron-donating group that contains a structure represented by the above-
mentioned D9. Of those, further mentioned are a family of compounds where the electron-withdrawing group is a cyano
group, a family of compounds having two or more electron-donating groups and two or more electron-withdrawing groups,
as well as a compound 10 to be produced in Synthesis Example 1 as given hereinunder and its derivatives.

[0035] The molecular weight of the compound represented by the general formula (1) is, for example, when an organic
layer containing the compound is intended to be formed through vapor deposition in use thereof, preferably at most
1500, more preferably at most 1200, even more preferably at most 1000, still more preferably at most 800. The lower
limit of the molecular weight may be, for example, at least 350.

[0036] Specific examples of the compound represented by the general formula (1) are shown below. However, the
compound represented by the general formula (1) for use in the invention should not be limitatively interpreted by these
specific examples. In the Tables, D1 to D10 each represent an unsubstituted electron-donating group that has the above-
mentioned structure, CN represents a cyano group and H represents a hydrogen atom.

[Chem. 9]

[Table 1]
Compound No. R2 R7 R10 | R'S | OtherR
2 D1 D1 CN CN H
3 D2 D2 CN CN H
4 D3 D3 CN CN H
5 D4 D4 CN CN H
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(continued)

Compound No. R2 R7 R10 | R'S | OtherR
6 D5 D5 CN CN H
7 D6 D6 CN CN H
8 D7 D7 CN CN H
9 D8 D8 CN CN H
10 D9 D9 CN CN H
11 D10 | D10 CN CN H
12 H D1 H CN H
13 H D2 H CN H
14 H D3 H CN H
15 H D4 H CN H
16 H D5 H CN H
17 H D6 H CN H
18 H D7 H CN H
19 H D8 H CN H
20 H D9 H CN H
21 H D10 H CN H

[Table 2]

Compound No. | R3 R6 R!" | R' | OtherR
22 D1 D1 CN CN H
23 D2 D2 CN CN H
24 D3 D3 CN CN H
25 D4 D4 CN CN H
26 D5 D5 CN CN H
27 D6 D6 CN CN H
28 D7 D7 CN CN H
29 D8 D8 CN CN H
30 D9 D9 CN CN H
31 D10 | D10 CN CN H
32 H D1 H CN H
33 H D2 H CN H
34 H D3 H CN H
35 H D4 H CN H
36 H D5 H CN H
37 H D6 H CN H
38 H D7 H CN H
39 H D8 H CN H

1"
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(continued)

Compound No. R3 R6 R'" | R | OtherR
40 H D9 H CN H
41 H D10 H CN H

[0037] The above compound 4 having two 9-carbazolyl groups is a known compound, and can be produced by com-
bining known compound production methods. For example, the compound 1 can be produced by di-iodizing 2,7-dicy-
anospirobifluorene with an iodizing agent to give 2’,7’-di-iodized-2,7-dicyanospirobifluorene followed by further reaction
with diphenylamine. In addition, the compound of the invention may also be produced by di-bromidizing a substituted
spirobifluorene followed by reaction with a boronic acid having, for example, a structure of D1 to D10. The other com-
pounds of the invention may be produced by optionally modifying these methods or by combining the method with any
known production method. For the reaction condition in each step, known reaction conditions may be suitably selected
and employed.

[Organic Electroluminescence Element]

[0038] The organic electroluminescence element of the invention is provided with a configuration having an anode, a
cathode and an organic layer between the anode and the cathode. The organic layer contains at least a light-emitting
layer, and may be a light-emitting layer alone or may have any one or more organic layers in addition to a light-emitting
layer. The organic electroluminescence element of the invention contains the compound represented by the general
formula (1) in the light-emitting layer therein.

[0039] When the compound represented by the general formula (1) is used in the light-emitting layer of an organic
electroluminescence element as a thermally-activated delayed fluorescence material, then the element secures a high
emission efficiency more inexpensively than before. Heretofore, for producing an organic electroluminescence element
having a high emission efficiency, there have been actively made studies using a phosphorescence material having a
high exciton production efficiency. However, using a phosphorescence material has a problem in that the cost is high
as requiring use of a rare metal such as Ir or Pt. Using a delayed fluorescence material does not require such an expensive
material, therefore making it possible to inexpensively provide an organic electroluminescence element having a high
emission efficiency. In particular, the compound represented by the general formula (1) has an extremely small energy
difference between T1 level and S1 level (AEgT) as compared with conventional delayed fluorescence materials. Further,
the organic electroluminescence element using the compound represented by the general formula (1) can markedly
increase the external quantum efficiency which has heretofore been low. Of the organic electroluminescence element
of the invention, the current efficiency, the power efficiency and the luminance are all extremely high, and at present
reach the level the organic electroluminescence element of the invention the organic electroluminescence element of
the invention of the world’s best technology; and therefore, the organic electroluminescence element of the invention is
extremely useful.

[0040] The organic electroluminescence element of the invention has a laminate configuration of at least an anode,
an organic layer and a cathode. A single-layer organic electroluminescence element may comprise a light-emitting layer
alone between the anode and the cathode; however, it is desirable that the organic electroluminescence element of the
invention is provided with multiple organic layers. The other organic layers than the light-emitting layer may be referred
to as a hole injection layer, a hole transport layer, an electron block layer, a light-emitting layer, a hole blocking layer,
an electron transport layer, an electron injection layer or the like, depending on the functions thereof, for which any
known material may be used as suitably combined. As specific configuration examples including an anode and a cathode,
there may be mentioned anode/light-emitting layer/cathode, anode/hole injection layer/light-emitting layer/cathode, an-
ode/hole injection layer/hole transport layer/light-emitting layer/cathode, anode/hole injection layer/light-emitting lay-
er/electron injection layer/cathode, anode/hole injection layer/hole transport layer/light-emitting layer/electron injection
layer/cathode, anode/hole injection layer/light-emitting layer/electron transport layer/electron injection layer/cathode,
anode/hole injection layer/hole transport layer/light-emitting layer/electron transport layer/electron injection layer/cath-
ode, anode/light-emitting layer/electron injection layer/cathode, anode/light-emitting layer/electron injection layer/elec-
tron transport layer/cathode, anode/hole injection layer/light-emitting layer/hole blocking layer/electron injection lay-
er/cathode. The configuration of anode/organic layer/cathode may be formed on a substrate. The configurations that
may be employed in the invention should not be limited to those exemplifications. Especially preferably, the compound
represented by the general formula (1) is used in the light-emitting layer, which, however, does not exclude use of the
compound represented by the general formula (1) in the other organic layer than the light-emitting layer as a charge
transport material or the like therein.
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[0041] In producing the organic layers and the electrodes that constitute the organic electroluminescence element of
the invention, any known production methods may be employed as suitably selected. In addition, various materials
generally employed in known organic electroluminescence elements can be selected and used in those organic layers
and electrodes. Further, various modifications of known techniques and those that may be readily anticipated from known
techniques may be optionally applied to the organic electroluminescence element of the invention. Typical materials of
constituting the organic electroluminescence element of the invention are described below; however, the materials usable
for the organic electroluminescence element of the invention should not be limitatively interpreted by the following
description.

(Substrate)

[0042] The substrate functions as a support of supporting the configuration of anode/organic layer/cathode and further
functions as a substrate in producing the configuration of anode/organic layer/cathode. The substrate may be formed
of a transparent material, or may also be formed of a semitransparent or nontransparent material. In case where emitted
light is taken out from the side of the anode, a transparent substrate is preferably used. The material to constitute the
substrate includes glass, quartz, metal, polycarbonate, polyester, polymethacrylate, polysulfone. When a flexible sub-
strate is used, then there may be provided a flexible organic electroluminescence element.

(Anode)

[0043] The anode has a function of injecting holes toward the organic layer. As the anode, preferably used is a material
having a high work function. For example, a material having a work function of atleast 4 eV is preferably used. Concretely,
there are mentioned metals (for example, aluminium, gold, silver, nickel, palladium, platinum), metal oxides (for example,
indium oxide, tin oxide, zinc oxide, mixture of indium oxide and tin oxide [ITO], mixture of zinc oxide and indium oxide
[1ZQ]), metal halides (for example, copper iodide), carbon black. In addition, also employable are electroconductive
polymers such as polyaniline, poly(3-methylthiophene), polypyrrole, etc. In case where emitted light is taken out from
the side of the anode, preferred is use of a material having a high light transmittance for the emitted light, such as ITO,
1Z0O or the like. The transmittance is preferably at least 10%, more preferably at least 50%, even more preferably at least
80%. The thickness of the anode is generally at least 3 nm, but preferably at least 10 nm. The upper limit may be, for
example, at most 1 um, however, when the anode is not required to have transparency, the thickness thereof may be
further thicker, and for example, such a thick anode may additionally serve also as the above-mentioned substrate. The
anode may be formed, for example, according to a vapor deposition method, a sputtering method, or a coating method.
In case where an electroconductive polymer is used for the anode, the anode may be formed on the substrate according
to an electrolytic polymerization method. After the anode formation, the surface may be processed for the purpose of
improving the hole injection function thereof. Specific examples of the surface treatment include plasma treatment (for
example, argon plasma treatment, oxygen plasma treatment), UV treatment, ozone treatment, etc.

(Hole Injection Layer and Hole Transport Layer)

[0044] The hole injection layer has a function of transporting holes from the anode to the side of the light-emitting
layer. The hole injection layer is formed generally on the anode, and therefore the layer is preferably excellent in the
adhesiveness to the anode surface. Consequently, it is desirable that the layer is formed of a material having good thin-
film formability. The hole transport layer has a function of transporting holes to the side of the light-emitting layer. The
hole transport layer is formed of a material having excellent hole transportability.

[0045] For the hole injection layer and the hole transport layer, used are hole transport materials having a high hole
mobility and a small ionization energy. The ionization energy of the material is, for example, preferably from 4.5 to 6.0
eV. As the hole transport material, various materials that are said to be usable as the hole injection layer or the hole
transport layer of organic electroluminescence elements may be used here as suitably selected. The hole transport
material may be a polymer material having a recurring unit or may also be a low-molecular compound.

[0046] As the hole transport material, for example, there may be mentioned aromatic tertiary amine compounds,
styrylamine compounds, oxadiazole derivatives, imidazole derivatives, triazole derivatives, pyrazoline derivatives, pyra-
zolone derivatives, phenylenediamine derivatives, arylamine derivatives, amino-substituted chalcone derivatives, oxa-
zole derivatives, polyarylalkane derivatives, styrylanthracene derivatives, fluorenone derivatives, hydrazone derivatives,
stilbene derivatives, silazane derivatives, silane polymers, aniline copolymers, thiophene polymers, porphyrin com-
pounds.

[0047] As a preferred hole transport material, there are mentioned aromatic tertiary amine compounds, concretely
including triphenylamine, tritolylamine, N,N’-diphenyl-N,N’-(3-methylphenyl)-1,1’-biphenyl-4,4’-diam ine, N,N,N’,N’-(4-
methylphenyl)-1,1’-phenyl-4,4’-diamine, N,N,N’,N’-(4-methylphenyl)-1,1’-biphenyl-4,4’-diamine, N,N’-diphenyl-N,N’-di-
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naphthyl-1,1’-biphenyl-4,4’-diamine, N,N’-(methylphenyl)-N,N’-(4-n-butylphenyl)-phenanthrene-9,1 0-diamine, N,N-
bis(4-di-4-tolylaminophenyl)-4-phenyl-cyclohexane, N,N’-bis(4’-diphenylamino-4-biphenylyl)-N,N’-diphenylbenzid ine,
N,N’-bis(4’-diphenylamino-4-phenyl)-N,N’-diphenylbenzidine, N,N’-bis(4’-diphenylamino-4-phenyl)-N,N’-di(1-naph-
thyl)benz idine, N,N’-bis(4’-phenyl(1-naphthyl)amino-4-phenyl)-N,N’-diphenyl benzidine, N,N’-bis(4’-phenyl(1-naph-
thyl)amino-4-phenyl)-N,N’-di(1-nap hthyl)benzidine, etc. Also as a preferred hole transport material, phthalocyanine
compounds are mentioned. Concretely, there are mentioned H,Pc, CuPc, CoPc, NiPc, ZnPc, PdPc, FePc, MnPc, CIAIPc,
ClGaPc, ClinPc, CISnPc, Cl,SiPc, (HO)AIPc, (HO)GaPc, VOPc, TiOPc, MoOPc, GaPc-O-GaPc [Pc means phthalocy-
anine]. Further, also preferred is use of poly(ethylenedioxy)thiophene (PEDOT), metal oxides such as molybdenum
oxide and the like, and known aniline derivatives.

[0048] One alone or two or more different types of hole transport materials may be used in one layer, either singly or
as combined therein. The hole injection layer and the hole transport layer may be formed, for example, according to a
vapor deposition method, a sputtering method or a coating method. The thickness of the hole injection layer and the
hole transport layer may be generally at least 3 nm each but preferably at least 10 nm each. The upper limit may be, for
example, at most 5 um each.

(Light-Emitting Layer)

[0049] The light-emitting layer in the organic electroluminescence element of the invention may contain a host material
and a dopant material, or may be formed of a single material. The light-emitting layer in the organic electroluminescence
element of the invention contains the compound represented by the general formula (1).

[0050] When the light-emitting layer contains a host material and a dopant material, preferably, the amount of the
dopant material is at most 10% by weight of the host material therein for the purpose of preventing concentration
quenching, more preferably at most 6% by weight. One material alone or two or more different types of materials may
be used either singly or as combined for the dopant material and the host material. The doping may be attained by co-
deposition of the host material and the dopant material, in which the host material and the dopant material may be
previously mixed for simultaneous vapor deposition.

[0051] As the host material for use in the light-emitting layer, there are mentioned carbazole derivatives, quinolinol
derivative metal complexes, oxadiazole derivatives, distyrylarylene derivatives, diphenylanthracene derivatives, etc. In
addition to these, also usable here are those that are proposed as the host material in a light-emitting layer, as suitably
selected. As a preferred host material, for example, there are mentioned the compounds represented by the following
general formula (10):

[Chem. 10]

General Formula (10)

-~ -

(R“m)nfm

(R102)1q, q

- L

[0052] In the general formula (10), Z represents a g-valent linking group; and q indicates an integer of from 2 to 4.
R101 and R102 each independently represent a substituent; and n101 and n102 each independently indicate an integer
of from 0 to 4. When n101 is an integer of from 2 to 4, n101’s R101 s may be the same or different; and when n102 is
an integer of from 2 to 4, n102’s R192’s may be the same or different. Further, R101, R192 n101 and n102 in g’s constitutive
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elements may be the same or different.

[0053] As the substituent represented by R101 and R102in the general formula (10) includes, for example, a substituted
or unsubstituted alkyl group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted aryl group, a
substituted or unsubstituted aryloxy group, a substituted or unsubstituted alkenyl group, a substituted or unsubstituted
amino group, a halogen atom, a cyano group. Preferred are a substituted or unsubstituted alkyl group, a substituted or
unsubstituted aryl group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted aryloxy group; and
more preferred are a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group.

[0054] Preferably, n101 and n102 each are independently an integer of from 0 to 3, more preferably an integer of from
0 to 2. Also preferably, both n101 and n102 are 0.

[0055] Z in the general formula (10) is preferably a linking group that contains an aromatic ring or a hetero ring. The
aromatic ring may be a single ring or a fused ring of two or more aromatic rings fused together. The carbon number of
the aromaitic ring is preferably from 6 to 22, more preferably from 6 to 18, even more preferably from 6 to 14, still more
preferably from 6 to 10. Specific examples of the aromatic ring include a benzene ring and a naphthalene ring. The
hetero ring may be a single ring, or a fused ring of one or more hetero ring fused with an aromatic ring or a hetero ring.
The carbon number of the hetero ring is preferably from 5 to 22, more preferably from 5 to 18, even more preferably
from 5 to 14, still more preferably from 5 to 10. Preferably, the hetero atom to constitute the hetero ring is a nitrogen
atom. Specific examples of the hetero ring include a pyridine ring, a pyridazine ring, a pyrimidine ring, a triazine ring, a
triazole ring, a benzotriazole ring. Z in the general formula (10) may contain an aromatic ring or a hetero ring and may
additionally contain a nonaromatic linking group. The nonaromatic linking group includes the following structures:

[Chem. 11]

0, .0 0 S
I o P D —S ,,L ,L

108
A | |
11
0 ',109 0 r110

[0056] R107, R108 R109 gand R'10 in the above nonaromatic linking group each independently represent a hydrogen
atom, a substituted or unsubstituted alkyl group or a substituted or unsubstituted aryl group, but preferably a substituted
or unsubstituted alkyl group or a substituted or unsubstituted aryl group.

[0057] As preferred host materials, for example, there are mentioned compounds represented by the following general
formula (11) :

[Chem. 12]
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General Formula (11)

(RMyn

USRS

(R12)n

[0058] In the general formula (11), R'"1, R112 and R113 each independently represent a substituent, n111 and n112
each independently indicate an integer of from 1 to 4, n113 indicates an integer of from 1 to 5. At least one R'11, at least
one R'12, and at least one R113 each are an aryl group. When n111 is an integer of from 2 to 4, n111’s R1"’s may be
the same or different; when n112 is an integer of from 2 to 4, n112’s R112s may be the same or different; and when
n113 is an integer of from 2 to 5, n113’s R11¥s may be the same or different.

[0059] Preferably, in the general formula (11), n111, n112 and n113 each are from 1 to 3, more preferably 1 or 2.
[0060] In the following, specific examples of the compounds represented by the general formula (10) or the general
formula (11) are shown; however, the compounds represented by the general formula (10) or the general formula (11)
for use in the invention should not be limitatively interpreted by these specific examples.

[Chem. 13]
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CBZ CBPE

(Hole blocking Layer)

[0061] The hole blocking layer has a function of preventing the holes having passed through the light-emitting layer
from moving toward the side of cathode. Preferably, the hole blocking layer is formed between the light-emitting layer
and the organic layer on the cathode side. The organic material to form the hole blocking layer includes aluminium
complex compounds, gallium complex compounds, phenanthroline derivatives, silol derivatives, quinolinol derivative
metal complexes, oxadiazole derivatives, oxazole derivatives. Concretely, there are mentioned bis(8-hydroxyquinoli-
nate)(4-phenylphenolate)aluminium, bis(2-methyl-8-hydroxyquinolinate)(4-phenylphenolate)galliu m, 2,9-dimethyl-4,7-
diphenyl-1,10-phenanthroline (BCP), etc. One organic material alone or two or more different types of organic materials
may be selected for the hole blocking layer either singly or as combined. The hole blocking layer may be formed, for
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example, according to a vapor deposition method, a sputtering method or a coating method. The thickness of the hole
blocking layer may be generally at least 3 nm but is preferably at least 10 nm. The upper limit may be, for example, at
most 5 pm.

(Electron Injection Layer and Electron Transport Layer)

[0062] The electron injection layer has a function of transporting electrons from the cathode to the side of the light-
emitting layer. The electron injection layer is formed generally so as to be in contact with the cathode, and therefore the
layer is preferably excellent in the adhesiveness to the cathode surface. The electron transport layer has a function of
transporting electrons to the side of the light-emitting layer. The electron transport layer is formed of a material excellent
in electron transportability.

[0063] For the electron injection layer and the electron transport layer, used are electron transport materials having a
high electron mobility and a large ionization energy. As the electron transport material, various materials that are said
to be usable as the electron injection layer or the electron transport layer of organic electroluminescence elements may
be used here as suitably selected. The electron transport material may be a polymer material having a recurring unit or
may also be a low-molecular compound.

[0064] As the electron transport material, for example, there may be mentioned fluorenone derivatives, anthraquin-
odimethane derivatives, diphenoquinone derivatives, thiopyran dioxide derivatives, oxazole derivatives, thiazole deriv-
atives, oxadiazole derivatives, triazole derivatives, imidazole derivatives, perylenetetracarboxylic acid derivatives, qui-
noxaline derivatives, fluorenylidenemethane derivatives, anthraquinodimethane derivatives, anthrone derivatives, etc.
Specific examples of preferred electron transport materials include 2,5-bis(1-phenyl)-1,3,4-oxazole, 2,5-bis(1-phenyl)-
1,3,4-thiazole, 2,5-bis(1-phenyl)-1,3,4-oxadiazole, 2-(4’-tert-butylphenyl)-5-(4"-biphenyl)-1,3,4-oxadiazole, 2,5-bis(1-
naphthyl)-1,3,4-oxadiazole, 1,4-bis[2-(5-phenyloxadiazolyl)lbenzene, 1,4-bis[2-(5-phenyloxadiazolyl)-4-tert-butylben-
zene], 2-(4’-tert-butylphenyl)-5-(4"-biphenyl)-1,3,4-thiadiazole, 2,5-bis(1-naphthyl)-1,3,4-thiadiazole, 1,4-bis[2-(5-phe-
nylthiadiazolyl)]lbenzene, 2-(4’-tert-butylphenyl)-5-(4"-biphenyl)-1,3,4-triazole, 2,5-bis(1-naphthyl)-1,3,4-triazole, 1,4-
bis[2-(5-phenyltriazolyl)]benzene, lithium 8-hydroxyquinolinate, zinc bis(8-hydroxyquinolinate), copper bis(8-hydroxy-
quinolinate), manganese bis(8-hydroxyquinolinate), aluminium tris(8-hydroxyquinolinate), aluminium tris(2-methyl-8-hy-
droxyquinolinate), gallium tris(8-hydroxyquinolinate), beryllium bis(10-hydroxybenzo[h]quinolinate), zinc bis(10-hydroxy-
benzo[h]quinolinate), chlorogallium bis(2-methyl-8-quinolinate), gallium bis(2-methyl-8-quinolinate)(o-cresolate), alu-
minium bis(2-methyl-8-quinolinate)(1-naphtholate), gallium bis(2-methyl-8-quinolinate)(2-naphtholate), etc.

[0065] One alone or two or more different types of electron transport materials may be used in one layer either singly
or as suitably selected and combined. The electron injection layer and the electron transport layer may be formed, for
example, according to a vapor deposition method, a sputtering method or a coating method. The thickness of the electron
injection layer and the electron transport layer may be generally at least 3 nm each, preferably at least 10 nm each. The
upper limit may be, for example, at most 5 um each.

(Cathode)

[0066] The cathode has a function of injecting electrons toward the organic layer. As the cathode, preferably used is
a material having a low work function. For example, a material having a work function of at most 4 eV is preferably used.
Concretely, there are mentioned metals (for example, tin, magnesium, indium, calcium, aluminium, silver), and alloys
(for example, aluminium-lithium alloy, magnesium-silver alloy, magnesium-indium alloy). In case where emitted light is
taken out from the side of the cathode, preferred is use of a material having a high light transmittance. The transmittance
is preferably at least 10%, more preferably at least 50%, even more preferably atleast 80%. The thickness of the cathode
is generally at least 3 nm, but preferably at least 10 nm. The upper limit may be, for example, at most 1 um, however,
when the cathode is not required to have transparency, the thickness thereof may be further thicker. The cathode may
be formed, for example, according to a vapor deposition method or a sputtering method. Preferably, a protective layer
is formed on the cathode for protecting the cathode. The protective layer of the type is preferably a layer formed of a
metal that has a high work function and is stable. For example, a metal layer of aluminium, silver, copper, nickel,
chromium, gold, platinum or the like may be formed.

[0067] The organic electroluminescence element of the invention is applicable to a variety of uses. For example, using
the organic electroluminescence element of the invention, it is possible to produce organic electroluminescence display
devices. For the details, referred to is "Organic EL Display" written by Shizuo Tokito, Chihaya Adachi, Yukihide Murata
(Ohm Publishing). In particular, the organic electroluminescence element of the invention is applicable to organic elec-
troluminescence lighting that is much in demand. Examples

[0068] The characteristics of the invention are described more concretely with reference to the following Synthesis
Examples, Test Examples and Production Examples. In the following Examples, the materials used, the details of the
treatment and the treatment process may be suitably modified or changed not overstepping the spirit and the scope of
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the invention. Accordingly, the scope of the invention should not be limitatively interpreted by the Examples mentioned
below.

(Synthesis Example 1)

[0069] Compound 10 was synthesized according to the following scheme in this Synthesis Example.

[Chem. 14]
NC O (HO)ZB{8
) 0. o :
Q Pd(PPhg),
Br 2M KGO, aq.
Toluene :
EtOH

a

[0070] 0.52 g (0.99 mmol, compound a) of 2,7-dibromo-2’,7’-dicyano-9,9-spirobifluorene and 0.62 g (2.9 mmol) of
(2,3,6,7-tetrahydro-1H,5H-benzo[ijjquinolidin-9-yl)boronic acid were put into a 100-mL three-neck flask, and to this mix-
ture, added were 10 ml of toluene, 2 ml of ethanol, and 3 ml of aqueous 2 M potassium carbonate solution. The mixture
was bubbled with nitrogen for 20 minutes. After the bubbling, 0.090 g (0.078 mmol) of tetrakis (triphenylphosphine)
palladium (0) was added to the mixture. The mixture was stirred in a nitrogen stream atmosphere at 70°C for 21 hours.
After the stirring, the mixture was added to 200 mL of toluene and 200 mL of water, and stirred. After the stirring, the
organic layer and the aqueous layer were separated from each other, and the organic layer was washed with saturated
saline water. After the washing, the organic layer was dried with magnesium sulfate added thereto. After the drying, the
mixture was filtered under suction to give a filtrate. The obtained filtrate was concentrated, and the resulting solid was
washed with methanol. After the washing, the solid was dissolved in chloroform, then hexane was added thereto for
reprecipitation to give a solid. The obtained solid was purified through silica gel column chromatography (developing
solvent: chloroform). After the purification, the obtained fraction was concentrated, and the solid was collected to be
0.23 g of a yellow powdery solid (compound 10). The yield was 33%.

TH NMR (500 MHz, CDCl,) : 7.98 (d, J=8.0 Hz, 2H), 7.83 (d, J=8.0 Hz, 2H), 7.71 (d, J=8.0 Hz, 2H), 7.57 (d, J=8.0 Hz,
2H), 7.14 (s, 2H), 6.84 (s, 4H), 6.67 (s, 2H), 3.12 (d, J=11 Hz, 8H), 2.72 (t, J=6.4 Hz, 8H), 1.93 (d, J=11 Hz, 8H).

MS (MALDI): m/z Calcd: 708.33 [M+H]*; Found: 708.29.

(Example 1)

[0071] In this Example, the compound 1 was used for the test, and an organic electroluminescence element having
the configuration shown in Fig. 1 was produced.

(1) Observation of Delayed Fluorescence

[0072] A film was formed on a quartz substrate by co-deposition of 6 wt% compound 1 and mCP, and analyzed for
the emission spectrum (Fig. 2). The co-deposition film gave yellow emission, and the PL quantum yield thereof was 27%
and was high. Next, for investigating the thermally-activated delayed fluorescence characteristic of the compound 1, the
co-deposition film was analyzed for the PL transient decay at 300 K, using a streak camera (Fig. 3). The PL transient
decay curve well corresponded to the fitting of the two components, and showed a short-life component of 24 ns and a
long-life component of 24 ps. Specifically, owing to the presence of the compound 1 therein, the film gave the thermally-
activated delayed fluorescence derived from the long-life component in addition to the short-life fluorescence.

(2)Production of Organic Electroluminescence Element

[0073] On the glass 1, a film of indium/tin oxide (ITO) 2 was formed in a thickness of approximately from 30 to 100
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nm, and a film of N,N’-di(naphthalen-1-yl)-N,N’-diphenylbenzidine (a-NPD) 3 was further formed thereon in a thickness
of 60 nm. Next, 6 wt% compound 1 and 4,4-bis[N-(1-naphthyl)-N-phenylamino)]biphenyl (mCP) were co-deposited to
form a light-emitting layer 4 in a thickness of 20 nm. Further on this, a film of 4,7-diphenyl-1,10-phenanthroline (Bphen)
5 was formed in a thickness of 40 nm. Next, a film of magnesium-silver (MgAg) 6 was vacuum-deposited in a thickness
of 100 nm, and then silver (Ag) 7 was deposited thereon in a thickness of 20 nm, thereby producing an organic electro-
luminescence element having the configuration shown in Fig. 1.

[0074] Thus formed, the organic EL element was analyzed for the emission spectrum thereof, which is shown in Fig.
4. The element gave a yellow emission at the largest current. The relationship between the temperature and the emission
efficiency of the element was determined, as in Fig. 5. In Fig. 5, ®1g7a. indicates total emission, ®1apf indicates long-
life emission (delayed fluorescence), and ®p, oy, indicates a prompt emission. Increase in ®tapr Was confirmed with
the temperature elevation, which confirms efficient conversion from T1 to S1. Fig. 6 is a graph showing the relationship
between the reciprocal of the temperature and the intensity ratio of the long-life emission to the prompt emission (Berberan-
Santos Plot). The energy difference (Aggt) between the T1 level and the S1 level was 0.057 eV, which was confirmed
to be extremely small as compared with the case of conventional delayed fluorescence materials. Fig. 8 is a graph
showing the relationship between the current density and the external quantum efficiency. The external quantum efficiency
was 1.4% or so in conventional cases, but reached 4.4% in this Example. Fig. 9 is a graph showing the current density-
voltage-luminance (J-V-L) characteristic measured by the use of a semiconductor parameter analyzer and a power
meter. The element attained a current efficiency of 13.5 cd/A, a power efficiency of 13.0 Lm/W, and a luminance of
12000 cd/m2 at a driving voltage 15 V.

(Examples 2 to 41)

[0075] In the same manner as in Example 1, the usefulness of the compounds 2 to 41 can also be confirmed.
(Example 42)

[0076] In this Example, a toluene solution of the compound 4 was prepared and the emission spectrum was measured
(Fig. 9). In the same manner as in Example 1, the film was analyzed for the PL transient decay, which showed a short-
life component of 11.55 ns and a long-life component of 124.9 s (Fig. 10). Specifically, owing to the presence of the

compound 4 therein, the film gave the thermally-activated delayed fluorescence derived from the long-life component
in addition to the short-life fluorescence.

[Chem. 16]
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(Example 43]

[0077] Using the compound 10 produced in Synthesis Example 1, the same solution as in Example 42 was prepared,
and the emission spectrum was measured, in which light emission was seen at a peak of 550 nm. In addition, the PL
transient decay was measured, which showed a short-life component of 10.61 ns and a long-life component of 434.38
ws (Fig. 11). Specifically, owing to the presence of the compound 10 therein, the film gave the thermally-activated delayed
fluorescence derived from the long-life component in addition to the short-life fluorescence.

Industrial Applicability

[0078] The organic electroluminescence element of the invention can be produced at a low cost, and can realize a
high luminance with high emission efficiency. In addition, the delayed fluorescence material of the invention is useful as
a light-emitting material for such organic electroluminescence elements. Consequently, the industrial applicability of the
invention is great.

Reference Signs List
[0079]

Glass

ITO

mCP

Light-Emitting Layer
Bphen

MgAg

Ag

~NOoO OB WN -

Claims

1. A delayed fluorescence material comprising a compound represented by the following general formula (1):
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[Chem. 1]

General Formula (1)

wherein, in the general formula (1), R, R2, R3, R4, R5, R®, R7 and R® each independently represent a hydrogen
atom or an electron-donating group, and at least one of these is an electron-donating group; R9, R10, R11, R12 R13,
R14, R15 and R'6 each independently represent a hydrogen atom or an electron-withdrawing group, and at least
one of these is an electron-withdrawing group.

The delayed fluorescence material according to Claim 1, wherein at least two of R!, R2, R3, R4, R5, R6, R7 and R®8
in the general formula (1) each are an electron-donating group.

The delayed fluorescence material according to Claim 1, wherein, in the general formula (1), at least one of R, R2,
R3 and R4 is an electron-donating group, and at least one of R5, R, R7 and R8 is an electron-donating group.

The delayed fluorescence material according to Claim 1, wherein, in the general formula (1), at least one of R2 and
R3 is an electron-donating group, and at least one of R® and R7 is an electron-donating group.

The delayed fluorescence material according to Claim 1 wherein, in the general formula (1), R2 or R3 is an electron-
donating group and R8 or R7 is an electron-donating group.

The delayed fluorescence material according to any one of Claims 1 to 5, wherein at least one of R, R2, R3, R4,

RS, R6, R7 and R8 is an electron-donating group that contains a structure represented by any of the following general
formulae (2) to (4):
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[Chem. 2]
General Formula (2)
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General Formula (3)
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General Formula (4)

72 zZ4

| =]

z3 zZs

wherein, in the general formula (2), Z' represents a nitrogen atom, an oxygen atom, a sulfur atom or a silicon atom,
and may form, each independently at A" and A2, an aromatic ring, a heteroaromatic ring, an aliphatic ring or a
nonaromatic hetero ring; in the general formula (3), R20 represents a hydrogen atom, an aryl group or an atomic
group necessary for forming the ring structure represented by A4, and may form, each independently as A3 and A%,
a heteroaromatic ring or a nonaromatic hetero ring; in the general formula (4), Z1, Z2, Z3 and Z4 each independently
represent an oxygen atom or a sulfur atom.

7. The delayed fluorescence material according to any one of Claims 1 to 5, wherein at least one of R', R2, R3, R4,
RS, R6, R7 and R8 is an electron-donating group that contains a structure of any of the following D1 to D10:

[Chem. 3]
PV _H“\ R
D1 D2 D3 D4 D5
H
¥ O ap (=
D6 D7 D8 D9 D10

8. The delayed fluorescence material according to Claim 7, wherein at least one of R, R2, R3, R4, R5, R6, R7 and R8
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EP 2733 761 A1
is an electron-donating group that contains a structure represented by the above D3 or D9.

The delayed fluorescence material according to any one of Claims 1 to 8, wherein at least two of R9, R10, R11, R12
R13, R4, R15 and R'6 in the general formula (1) each are an electron-withdrawing group.

The delayed fluorescence material according to any one of Claims 1 to 8, wherein, in the general formula (1), at
least one of R, R19, R'1 and R12 is an electron-withdrawing group, and at least one of R13, R14, R15 and R16 is an
electron-withdrawing group.

The delayed fluorescence material according to any one of Claims 1 to 8, wherein, in the general formula (1), R10
or R'1is an electron-withdrawing group, and R4 or R'5 is an electron-withdrawing group.

The delayed fluorescence material according to any one of Claims 1 to 8, wherein, in the general formula (1), R10
or R'is a cyano group, and R4 or R'%is a cyano group.

An organic electroluminescence element having an anode, a cathode, and at least one organic layer containing a
light-emitting layer between the anode and the cathode, wherein the light-emitting layer contains the delayed fluo-

rescence material of any one of Claims 1 to 12.

A compound represented by the following general formula (1°):

[Chem. 4]

General Formula (1')

wherein, in the general formula (1), R, R2, R3, R4, R5, R6, R7 and R8 each independently represent a hydrogen
atom or an electron-donating group, and at least one of these is an electron-donating group that contains a structure
represented by any of the following general formulae (2) to (4); and R9, R10, R11, R12, R13, R14, R15 and R16 each
independently represent a hydrogen atom or an electron-withdrawing group, and at least one of these is an electron-
withdrawing group:
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[Chem. 5]
General Formula (2)
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General Formula (4)
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wherein, in the general formula (2), Z' represents a nitrogen atom, an oxygen atom, a sulfur atom or a silicon atom,
and may form, each independently at A" and A2, an aromatic ring, a heteroaromatic ring, an aliphatic ring or a
nonaromatic hetero ring; in the general formula (3), R20 represents a hydrogen atom, an aryl group or an atomic
group necessary for forming the ring structure represented by A4, and may form, each independently as A3 and A%,
a heteroaromatic ring or a nonaromatic hetero ring; in the general formula (4), Z1, Z2, Z3 and Z4 each independently
represent an oxygen atom or a sulfur atom.

15. The compound according to Claim 14, wherein at least one of R, R2, R3, R4, R5, R6, R7 and R8 is an electron-
donating group that contains a structure represented by any of the following D1 to D8.

[Chem. 6]
| 0 i , -
g ° ' : :
D1 D2 D3 D4 D5

=Y

M N
) /£
& o
H \
D& D7 D8 Dg D10

16. The compound according to Claim 15, wherein at least one of R, R2, R3, R4, R5, R6, R7 and R8 is an electron-
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donating group that contains a structure represented by the above D9.
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Fig. 10
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