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ANTHRACENE DERIVATIVES,
LUMINESCENT MATERIALS AND
ORGANIC ELECTROLUMINESCENT
DEVICES

TECHNICAL FIELD

[0001] The present invention relates to an anthracene
derivative and an organic electroluminescence device, in
particular, a light emitting material formed of an anthracene
derivative having a specific partial structure, and an organic
EL device having high luminous efficiency and a long
lifetime as a result of the use of the material.

BACKGROUND ART

[0002] An organic electroluminescence device (hereinaf-
ter, being occasionally abbreviated as EL) is a spontaneous
light emitting device which utilizes such a principle that a
fluorescent substance emits light by virtue of recombination
energy of holes injected from an anode and electrons
injected from a cathode by an application of an electric field.
[0003] The organic EL devices are each one display form
for a display or the like, and are promising new-generation
displays because of such characteristics as described below.
Each of the organic EL devices has a wide view angle, can
be thinned, and shows good motion picture responsiveness.
Since the rollout of the organic EL devices by Tang et al. in
1987, assorted materials for the organic EL devices have
been disclosed. Of those, light emitting materials that con-
tribute to light emission each directly affect durability (here-
inafter, being occasionally referred to as “lifetime™) and
luminous efficiency, and hence the development of a mate-
rial that realizes a long-lifetime, high-efficiency organic EL
device has been requested.

[0004] Devices each using a fused polycyclic compound
in an electron transporting layer or light emitting layer have
been disclosed in recent years. A fused polycyclic compound
obtained by introducing a 4-(9-phenanthryl)phenyl group, a
biphenylyl group, a terphenyl group, a dibenzofuryl group,
a dibenzothiophenyl group, a dibenzodioxynyl group, a
dibenzodithiinyl group, a dibenzoxythiinyl group, a benzo-
phenonyl group, or the like to the 10-position of the anthra-
cenylene group of a substituted or unsubstituted 9-(9-
phenanthryl)anthracene has been proposed as a compound
having an anthracene skeleton (Patent Document 1).
[0005] A fused polycyclic compound in which the 9-po-
sition of a substituted or unsubstituted phenanthryl group
and the 9-position of an anthracenylene group are directly
bonded to each other has been proposed (Patent Document
2).

[0006] In addition, a fused polycyclic compound in which
a 9-phenanthryl group is bonded to the 9-position of an
anthracenylene group through a phenylene group has been
proposed (Patent Document 3).

[0007] Further, a fused polycyclic compound in which the
9-position of a substituted or unsubstituted phenanthryl
group and the 9-position of an anthracenylene group are
bonded to each other through a naphthylene group has been
proposed (Patent Document 4).

[0008] A compound in which the 9- and 10-positions of an
anthracenylene group are each substituted with a 2-phenan-
thryl group (Patent Document 5), a compound in which the
2- and 7-positions of phenanthrene are each substituted with
an anthracenylene group (Patent Document 6), and a com-
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pound in which the 9-position of an anthracenylene group is
substituted with a 9-phenanthryl group (Patent Document 7)
have been disclosed.

[0009] Further, tris[10-(9-phenanthryl) anthracen-9-yl]
benzene as a starburst fused polycyclic compound (Patent
Document 8) has been disclosed.

[0010] In addition, a fused polycyclic compound obtained
by introducing a 4-(9-phenanthryl)phenyl group, a bipheny-
1yl group, a terphenyl group, a dibenzofuryl group, a diben-
zothiophenyl group, a dibenzodioxynyl group, a dibenzo-
dithiinyl group, a dibenzoxythiinyl group, a benzophenonyl
group, or the like to the 10-position of the anthracene
nucleus of a substituted or unsubstituted 9-(9-phenanthryl)
anthracene has been investigated (Patent Document 9).
[0011] In addition, a 3-phenanthrylanthracene derivative
containing carbazole (Patent Document 10) has been dis-
closed.

[0012] An improvement in material performance has been
observed in any one of those material systems. At present,
however, none of the systems has achieved performance
sufficient for commercialization because an optical output
with additionally high luminance or additionally high con-
version efliciency is needed. In addition, the systems each
still involve a large number of problems in terms of dura-
bility such as a change over time due to long-term use and
deterioration due to, for example, an atmospheric gas con-
taining oxygen or moisture. Therefore, durability as well as
additionally high luminous efficiency has been requested at
present.

[0013] Patent Document 1: WO 2004/018587
[0014] Patent Document 2: JP-A-2005-041843
[0015] Patent Document 3: WO 2005/054162
[0016] Patent Document 4: WO 2005/061656
[0017] Patent Document 5: U.S. Pat. No. 5,935,721
[0018] Patent Document 6: WO 2006/039982
[0019] Patent Document 7: US 2005/089717
[0020] Patent Document 8: JP-A-2002-329580
[0021] Patent Document 9: JP-A-2005-314239
[0022] Patent Document 10: WO 2005/113531
DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention
[0023] An object of the present invention is to obtain a

light emitting material having specifically high luminous
efficiency and a specifically long lifetime as compared with
those of such conventional materials as described above, and
an organic EL device using the material.

Means for Solving the Problems

[0024] The inventors of the present invention have made
extensive studies. As a result, the inventors have found that
a light emitting material having specifically high efliciency
and a specifically long lifetime as compared with those of a
conventional material can be obtained by using an anthra-
cene derivative in which a phenanthryl group any one of the
1- to 4-positions of which is substituted is bonded to the
9-position of an anthracenylene skeleton through an arylene
group as a blue host material. Thus, the inventors have
completed the present invention.

[0025] That is, the present invention provides the follow-
ing.
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[0026] (1) An anthracene derivative including a phenan-
thryl group, the anthracene derivative being represented by
the following general formula (1-1):

[Chem. 1]
(1-1)

R

[0027] in the general formula (1-1),

[0028] L' represents a single bond, a substituted or unsub-
stituted arylene group having 6 to 50 ring forming carbon
atoms, or a substituted or unsubstituted, divalent heterocy-
clic group having 5 to 50 ring forming atoms;

[0029] when L' represents a group except a single bond,
Ar' represents a substituted or unsubstituted aryl group
having 6 to 50 ring forming carbon atoms, or a substituted
or unsubstituted heterocyclic group having 5 1o 50 ring
forming atoms;

[0030] when L' represents a single bond, Ar' represents a
group represented by the following general formula (2),

[Chem. 2]

R,
|_

[0031] a substituted or unsubstituted fused aromatic ring
group having 10 to 50 ring forming carbon atoms, a substi-
tuted or unsubstituted fluorenyl group, a substituted or
unsubstituted indenyl group, or a substituted or unsubsti-
tuted heterocyclic group having 5 to 50 ring forming atoms,
provided that

[0032] when L' represents a single bond, Ar' represents a
group except a group represented by the above-mentioned
general formula (2), and the 1-position of the phenanthryl
group is bonded to an anthracene skeleton, Ar' represents a
group except an unsubstituted 1-phenanthryl group,

[0033] when L' represents a single bond, Ar' represents a
group except a group represented by the above-mentioned
general formula (2), and the 2-position of the phenanthryl
group is bonded to the anthracene skeleton, Ar" represents a
group except a substituted or unsubstituted 2-phenanthryl
group, and

[0034] when L' represents a single bond, Ar' represents a
group except a group represented by the above-mentioned
general formula (2), and the 3-position of the phenanthryl
group is bonded to the anthracene skeleton, Ar* represents a
group except an unsubstituted 3-phenanthryl group;
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[0035] substituents R*, R, and R® each independently
represent a substituted or unsubstituted alkyl group having 1
to 20 carbon atoms, a substituted or unsubstituted alkenyl
group having 2 to 50 carbon atoms, a substituted or unsub-
stituted alkynyl group having 2 to 50 carbon atoms, a
substituted or unsubstituted aralkyl group having 7 to 20
carbon atoms, a substituted or unsubstituted cycloalkyl
group having 3 to 20 carbon atoms, a substituted or unsub-
stituted alkoxyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 20
ring forming carbon atoms, a substituted or unsubstituted
aryl group having 6 to 50 ring forming carbon atoms, a
substituted or unsubstituted heteroaryl group having 5 to 50
ring forming atoms, a substituted or unsubstituted alkylsilyl
group having 1 to 30 carbon atoms, a substituted or unsub-
stituted arylsilyl group having 6 to 50 ring forming carbon
atoms, a substituted or unsubstituted alkylgermanium group
having 1 to 50 carbon atoms, or a substituted or unsubsti-
tuted arylgermanium group having 6 to 50 ring forming
carbon atoms, provided that when L' represents a group
except a single bond, the substituent R” represents a group
except a substituted or unsubstituted anthraceny! group;

[Tt

[0036] “p” represents an integer of 0 to 8, “q” represents

[rant)

an integer of 0 to 9, and “y” represents an integer of 0 to 4,
and when “p” represents 2 to 8, “q” represents 2 to 9, or “y”
represents 2 to 4, a plurality of R™s, a plurality of R”’s, or
a plurality of R”’s may be identical to or different from each
other, provided that when L' represents a single bond, a case
where all R*, R?, and R? each represent an anthracenyl group

is excluded; and

[0037] Ar” represents a substituent selected from a substi-
tuted or unsubstituted phenyl group, a substituted or unsub-
stituted indenyl group, a substituted or unsubstituted fluo-
renyl group, a substituted or unsubstituted benzofluorenyl
group, a substituted or unsubstituted dibenzofluorenyl
group, a substituted or unsubstituted naphthyl group, a
substituted or unsubstituted phenanthryl group, a substituted
or unsubstituted anthracenyl group, a substituted or unsub-
stituted benzanthracenyl group, a substituted or unsubsti-
tuted naphthacenyl group, a substituted or unsubstituted
fluoranthenyl group, a substituted or unsubstituted benzo-
fluoranthenyl group, a substituted or unsubstituted triph-
enylenyl group, a substituted or unsubstituted chrysenyl
group, a substituted or unsubstituted pyrenyl group, a sub-
stituted or unsubstituted benzophenanthryl group, a substi-
tuted or unsubstituted benzochrysenyl group, and a substi-
tuted or unsubstituted heterocycle-containing group having
3 to 50 nucleus forming atoms, when Ar” has a plurality of
substituents, a plurality of adjacent substituents may be
bonded to each other to form a saturated or unsaturated,
divalent group that completes a ring, when a phenanthrene
skeleton is bonded at its 1- or 2-position to the anthracene
skeleton, AR” represents a group except an unsubstituted
phenyl group, and when the phenanthrene skeleton is
bonded at its 3-position to the anthracene skeleton, R* and
Ar” each represent a group except an unsubstituted carba-
zolyl group,

[0038] provided that

[0039] when L' and R’ are bonded to the 2- and 7-posi-
tions of the phenanthryl group, respectively in the general
formula (1-1), L' and R” may each represent a group except
a substituted or unsubstituted aromatic hydrocarbon group,
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a substituted or unsubstituted fused aromatic hydrocarbon
group, and a substituted or unsubstituted aromatic hetero-
cyclic group, and

[0040] when L' and R? are bonded to the 2- and 7-posi-
tions of the phenanthryl group, respectively in the formula,
L' may represent a group except a phenyl group and R® may
represent a group except a phenyl group having a substituent
at a para position or a 2-phenanthryl group.

[0041] (2) An anthracene derivative including a phenan-
thryl group, the anthracene derivative being represented by
the following general formula (1-2):

[Chem. 3]

1-2)

R,

\

/\

RNl 1 an=

— /N

[0042] in the general formula (1-2),

[0043] 12 represents a substituted or unsubstituted arylene
group having 6 to 50 ring forming carbon atoms, or a
divalent heterocyclic group having 5 to 50 ring forming
atoms;
[0044] Ar” represents a substituted or unsubstituted aryl
group having 6 to 50 ring forming carbon atoms, or a
heterocyclic group having 5 to 50 ring forming atoms;
[0045] substituents R* and R each independently repre-
sent a substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted alkenyl group
having 2 to 50 carbon atoms, a substituted or unsubstituted
alkynyl group having 2 to 50 carbon atoms, a substituted or
unsubstituted aralkyl group having 7 to 20 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to 20
carbon atoms, a substituted or unsubstituted alkoxyl group
having 1 to 20 carbon atoms, a substituted or unsubstituted
aryloxy group having 6 to 20 ring forming carbon atoms, a
substituted or unsubstituted aryl group having 6 to 50 ring
forming carbon atoms, a substituted or unsubstituted het-
eroaryl group having 5 to 50 ring forming atoms, a substi-
tuted or unsubstituted alkylsilyl group having 1 to 30 carbon
atoms, a substituted or unsubstituted arylsilyl group having
6 to 50 ring forming carbon atoms, a substituted or unsub-
stituted alkylgermanium group having 1 to 50 carbon atoms,
or a substituted or unsubstituted arylgermanium group hav-
ing 6 to 50 ring forming carbon atoms, and the substituent
R” represents a group except a substituted or unsubstituted
anthracenyl group; and
[0046] p represents an integer of 0 to 8, q represents an
integer of 0 to 9, and when p represents 2 to § or q represents
2 to 9, a plurality of R®’s or a plurality of R”’s may be
identical to or different from each other,
[0047] provided that

[0048] when L2 and R® are bonded to the 2- and 7-po-

sitions of the phenanthryl group, respectively in the
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general formula (1-2), L and R® may each represent a
group except a substituted or unsubstituted aromatic
hydrocarbon group, a substituted or unsubstituted fused
aromatic hydrocarbon group, and a substituted or
unsubstituted aromatic heterocyclic group, and

[0049] when L2 and R? are bonded to the 2- and 7-po-
sitions of the phenanthryl group, respectively in the
formula, L*> may represent a group except a phenyl
group and R® may represent a group except a phenyl
group having a substituent at a para position or a
2-phenanthryl group.

[0050] (3) The anthracene derivative described in the
above (1) or (2), in which L' or L* is represented by the
following general formula (3):

[Chem. 4]

9

®)r

&)

[0051] where:

[0052] a substituent R” represents a substituted or unsub-
stituted alkyl group having 1 to 20 carbon atoms, a substi-
tuted or unsubstituted alkenyl group having 2 to 50 carbon
atoms, a substituted or unsubstituted alkynyl group having 2
to 50 carbon atoms, a substituted or unsubstituted aralkyl
group having 7 to 20 carbon atoms, a substituted or unsub-
stituted cycloalkyl group having 3 to 20 carbon atoms, a
substituted or unsubstituted alkoxyl group having 1 to 20
carbon atoms, a substituted or unsubstituted aryloxy group
having 6 to 20 ring forming carbon atoms, a substituted or
unsubstituted aryl group having 5 to 50 ring forming carbon
atoms, a substituted or unsubstituted heteroaryl group hav-
ing 5 to 50 ring forming atoms, a substituted or unsubstituted
alkylsilyl group having 1 to 30 carbon atoms, a substituted
or unsubstituted arylsilyl group having 6 to 50 ring forming
carbon atoms, a substituted or unsubstituted alkylgerma-
nium group having 1 to 50 carbon atoms, or a substituted or
unsubstituted arylgermanium group having 6 to 50 ring
forming carbon atoms; and

[0053] “r” represents an integer of O to 4, and when “r”
represents 2 to 4, a plurality of R”s may be identical to or
different from each other.

[0054] (4) The anthracene derivative described in the
above (1) to (3), in which L' or L? represents a substituted
or unsubstituted fused aromatic ring group having 10 to 50
ring forming carbon atoms.

[0055] (5) The anthracene derivative described in any one
of the above (1) to (4), in which L represents a group except
a single bond, and Ar' or Ar* represents a substituted or
unsubstituted fused aromatic ring having 10 to 50 ring
forming carbon atoms.

[0056] (6) The anthracene derivative described in any one
of the above (1) to (5), in which L' or L.? is represented by
the following general formula (3), and Ar* or Ar* is repre-
sented by the following general formula (4):
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[Chem. 5]

R,
[Chem. 6]

3

)
<I|{d)s

[0057] in the general formula (3) or (4),

[0058] Ar’ represents a substituted or unsubstituted aryl
group having 6 to 50 ring forming carbon atoms, or a
heterocyclic group having 5 to 50 ring forming atoms;
[0059] a substituent R® or R¥ represents a substituted or
unsubstituted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted alkenyl group having 2 to 50
carbon atoms, a substituted or unsubstituted alkynyl group
having 2 to 50 carbon atoms, a substituted or unsubstituted
aralkyl group having 7 to 20 carbon atoms, a substituted or
unsubstituted cycloalkyl group having 3 to 20 carbon atoms,
a substituted or unsubstituted alkoxyl group having 1 to 20
carbon atoms, a substituted or unsubstituted aryloxy group
having 6 to 20 ring forming carbon atoms, a substituted or
unsubstituted aryl group having 6 to 50 ring forming carbon
atoms, a substituted or unsubstituted heteroaryl group hav-
ing 5 to 50 ring forming atoms, a substituted or unsubstituted
alkylsilyl group having 1 to 30 carbon atoms, a substituted
or unsubstituted arylsilyl group having 6 to 50 ring forming
carbon atoms, a substituted or unsubstituted alkylgerma-
nium group having 1 to 50 carbon atoms, or a substituted or
unsubstituted arylgermanium group having 6 to 50 ring
forming carbon atoms; and

[0060] rands each represent an integer of 0 to 4, and when
rand/or s each represent/represents 2 to 4, a plurality of R”’s
and/or a plurality of R*s may be identical to or different
from each other.

[0061] (7) The anthracene derivative described in any one
of the above (1) to (6), in which L' represents a group except
a single bond, and the phenanthryl group includes one of a
substituted or unsubstituted 1-phenanthryl group, a substi-
tuted or unsubstituted 2-phenanthryl group, a substituted or
unsubstituted 3-phenanthryl group, and a substituted or
unsubstituted 4-phenanthryl group.

[0062] (8) The anthracene derivative described in any one
of the above (1) to (7), in which L' represents a group except
a single bond, and q represents 0.

[0063] (9) The anthracene derivative described in the
above (1), in which L' represents a single bond, and Ar
represents a group except a group represented by the general
formula (2).

[0064] (10) The anthracene derivative described in the
above (9), in which L' represents a single bond, and Ar'
represents a substituted or unsubstituted naphthyl group.
[0065] (11) The anthracene derivative described in the
above (9) or (10), in which ! represents a single bond, and
one of the 1-, 2-, and 3-positions of the phenanthryl group
is bonded to the anthracene skeleton.
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[0066] (12) The anthracene derivative described in any
one of the above (9) to (11), in which L' represents a single
bond, and q represents 0.

[0067] (13) The anthracene derivative described in the
above (1), in which Ar® represents a group represented by
the general formula (2).

[0068] (14) The anthracene derivative described in the
above (13), in which the 2-position of the phenanthryl group
is bonded to the anthracene skeleton.

[0069] (15) The anthracene derivative described in the
above (13), in which the 3-position of the phenanthryl group
is bonded to the anthracene skeleton.

[0070] (16) The anthracene derivative described in the
above (13), in which the 1-position of the phenanthryl group
is bonded to the anthracene skeleton.

[0071] (17) The anthracene derivative described in any
one of the above (13) to (16), in which q represents 0.

[0072] (18) The anthracene derivative described in any
one of the above (1) to (17), in which the anthracene
derivative includes a material for an organic electrolumi-
nescence device.

[0073] (19) The anthracene derivative described in any
one of the above (1) to (17), in which the anthracene
derivative includes a light emitting material for an organic
electroluminescence device.

[0074] (20) An organic electroluminescence device
including one or more organic thin film layers including a
light emitting layer between a cathode and an anode, in
which at least one layer of the organic thin film layers
contains the anthracene derivative described in any one of
the above (1) to (17).

[0075] (21) The organic electroluminescence device
described in the above (20), in which the light emitting layer
contains the anthracene derivative.

[0076] (22) The organic electroluminescence device
described in the above (20), in which the anthracene deriva-
tive includes a host material.

[0077] (23) The organic electroluminescence device
described in any one of the above (20) to (22), in which the
light emitting layer further contains at least one of a fluo-
rescent dopant and a phosphorescent dopant.

[0078] (24) The organic electroluminescence device
described in the above (23). in which the fluorescent dopant
includes an arylamine compound.

[0079] (25) The organic electroluminescence device
described in the above (23), in which the fluorescent dopant
includes a styrylamine compound.

[0080] (26) The organic electroluminescence device
described in the above (23), in which the fluorescent dopant
includes a fused ring amine derivative represented by the
following general formula (5):
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[Chem. 7]

®

[0081] in the general formula (5),

[0082] a substituent R® represents a substituted or unsub-
stituted alkyl group having 1 to 20 carbon atoms, a substi-
tuted or unsubstituted alkenyl group having 2 to 50 carbon
atoms, a substituted or unsubstituted alkynyl group having 2
to 50 carbon atoms, a substituted or unsubstituted aralkyl
group having 7 to 20 carbon atoms, a substituted or unsub-
stituted cycloalkyl group having 3 to 20 carbon atoms, a
substituted or unsubstituted alkoxy group having 1 to 20
carbon atoms, a substituted or unsubstituted aryloxy group
having 6 to 20 ring forming carbon atoms, a substituted or
unsubstituted aryl group having 6 to 50 ring forming carbon
atoms, a substituted or unsubstituted alkylsilyl group having
1 to 30 carbon atoms, a substituted or unsubstituted arylsilyl
group having 6 to 50 ring forming carbon atoms, a substi-
tuted or unsubstituted alkylgermanium group having 1 to 50
carbon atoms, or a substituted or unsubstituted arylgerma-
nium group having 6 to 50 ring forming carbon atoms;
[0083] “t” represents an integer of 0 to 10; and

[0084] Ar® to Ar® each represent a substituted or unsub-
stituted aryl group having 6 to 20 ring forming carbon
atoms, or a substituted or unsubstituted heteroaryl group
having 5 to 20 ring forming atoms.

[0085] (27) The organic -electroluminescence device
described in the above (23), in which the fluorescent dopant
includes a fused ring amine derivative represented by the
following general formula (6):

[Chem. 8]
(®

[0086] in the general formula (6),

[0087] a substituent R’ represents a substituted or unsub-
stituted alkyl group having 1 to 20 carbon atoms, a substi-
tuted or unsubstituted alkenyl group having 2 to 50 carbon
atoms, a substituted or unsubstituted alkynyl group having 2
to 50 carbon atoms, a substituted or unsubstituted aralkyl
group having 7 to 20 carbon atoms, a substituted or unsub-
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stituted cycloalkyl group having 3 to 20 carbon atoms, a
substituted or unsubstituted alkoxy group having 1 to 20
carbon atoms, a substituted or unsubstituted aryloxy group
having 6 to 20 ring forming carbon atoms, a substituted or
unsubstituted aryl group having 6 to 50 ring forming carbon
atoms, a substituted or unsubstituted alkylsilyl group having
1 to 30 carbon atoms, a substituted or unsubstituted arylsilyl
group having 6 to 50 ring forming carbon atoms, a substi-
tuted or unsubstituted alkylgermanium group having 1 to 50
carbon atoms, or a substituted or unsubstituted arylgerma-
nium group having 6 to 50 ring forming carbon atoms;
[0088] ““u” represents an integer of 0 to 8; and

[0089] Ar’ to Ar'® each represent a substituted or unsub-
stituted aryl group having 6 to 20 ring forming carbon
atoms, or a substituted or unsubstituted heteroaryl group
having 5 to 20 ring forming atoms.

Effects by the Invention

[0090] An organic EL device using the anthracene deriva-
tive having a phenanthryl group of the present invention as
an organic EL material in which one or more organic thin
film layers including at least a light emitting layer are
interposed between a cathode and an anode has high lumi-
nous efficiency and a long lifetime. Further, the device emits
blue light with high luminous efficiency and high color
purity, and is excellent in film formability.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0091] Hereinafter, the anthracene derivative having a
phenanthryl group, light emitting material, and organic EL,
device of the present invention are described in detail.
[0092] In order that a high-efficiency, long-lifetime light
emitting material may be obtained, the phenanthryl group in
the general formula (1-1) or (1-2) is one of a substituted or
unsubstituted 1-phenanthryl group, a substituted or unsub-
stituted 2-phenanthryl group, a substituted or unsubstituted
3-phenanthryl group, and a substituted or unsubstituted
4-phenanthryl group. Of those, a substituted or unsubstituted
1-phenanthryl group, a substituted or unsubstituted
2-phenanthryl group, or a substituted or unsubstituted
3-phenanthryl group is preferred.

[0093] L' in the general formula (1-1) represents a single
bond, a substituted or unsubstituted arylene group having 6
to 50, or preferably 6 to 30 ring forming carbon atoms, or a
substituted or unsubstituted, divalent heterocyclic group
having 5 to 50, or preferably 5 to 30 ring forming atoms. L?
in the general formula (1-2) represents a substituted or
unsubstituted arylene group having 6 to 50, or preferably 6
to 30 ring forming carbon atoms, or a substituted or unsub-
stituted, divalent heterocyclic group having 5 to 50, or
preferably 5 to 30 ring forming atoms.

[0094] Ar' when L' in the general formula (1-1) does not
represent a single bond, or Ar? in the general formula (1-2)
represents a substituted or unsubstituted aryl group having 6
to 30, or preferably 6 to 30 ring forming carbon atoms, or a
substituted or unsubstituted heterocyclic group having 5 to
50, or preferably 5 to 30 ring forming atoms.

[0095] Specific examples of the substituted or unsubsti-
tuted arylene group having 6 to 50 ring forming carbon
atoms represented by each of L' and . include a phenylene
group, a naphthylene group, a biphenylene group, a terphe-
nylene group, an anthranylene group, a pentacenylene
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group, a perylenylene group, a picenylene group, a pyre-
nylene group, and a pentaphenylene group. Of those, a
naphthylene group and a phenylene group represented by the
general formula (3) are preferred.

[0096] Specific examples of the substituent R in the
general formula (3) include the same specific examples as
those of the substituents R* and R to be described later. The
number r of the substituents R”’s is an integer of 0 to 4, or
preferably 0 or 1.

[0097] Specific examples of the divalent heterocyclic
group having 5 to 50 ring forming atoms represented by each
of L' and L? include a pyridinylene group, a pyrazinylene
group, a pyrimidinylene group, a pyridazinylene group, a
triazinylene group, an indolinylene group, a quinolinylene
group, an acridinylene group, a pyrrolidinylene group, a
dioxanylene group, a piperidinylene group, a morpholidi-
nylene group, a piperazinylene group, a triathinylene group,
a carbazolylene group, a furanylene group, a thiophenylene
group, an oxazolylene group, an oxadiazolylene group, a
benzoxazolylene group, a thiazolylene group, a thiadiaz-
olylene group, a benzothiazolylene group, a triazolylene
group, an imidazolylene group, a benzimidazolylene group,
a furanylene group, and a dibenzofuranylene group. Of
those, a dibenzofuranylene group and a benzofuranylene
group are preferred.

[0098] Specific examples of the substituted or unsubsti-
tuted aryl group having 6 to 50 ring forming carbon atoms
represented by Ar' in the case where L' in the general
formula (1-1) does not represent a single bond, or by Ar* in
the general formula (1-2) include a phenyl group, a naphthyl
group, a phenanthryl group, a chrysenyl group, a benzo-
phenanthryl group, a triphenylenyl group, a benzanthranyl
group, a benzochrysenyl group, a biphenyl group, a naph-
thacenyl group, a terphenyl group, an anthranyl group, a
pentacenyl group, a picenyl group, and a pentaphenyl group.
[0099] Of those, a naphthyl group, a biphenyl group, and
an aryl group represented by the general formula (4) are
preferred.

[0100] Specific examples of the substituent R? in the
general formula (4) include the same specific examples as
those of the substituents R and R” to be described later. The
number s of the substituents R?’s is an integer of 0 to 4, or
preferably 0 or 1.

[0101] Specific examples of Ar® include the same specific
examples as those of Ar' described above.

[0102] Divalent heterocyclic groups each having 5 to 50
ring forming atoms as specific examples of Ar' or Ar®
include the same heterocyclic groups as specific examples of
L' or [? described above. Of those, a dibenzofuranyl group
or a benzofuranyl group is preferred.

[0103] When L' represents a single bond, Ar" represents a
group represented by the general formula (2), a substituted
or unsubstituted fused aromatic ring group having 10 to 50
ring forming carbon atoms, a substituted or unsubstituted
fluorenyl group, a substituted or unsubstituted indenyl
group, or a substituted or unsubstituted heterocyclic group
having 5 to 50 ring forming atoms, provided that in the case
where L' represents a single bond and Ar* does not represent
a group represented by the general formula (2): when the
1-position of the phenanthryl group is bonded to the anthra-
cene skeleton, Ar' does not represent an unsubstituted
1-phenanthryl group; when the 2-position of the phenanthryl
group is bonded to the anthracene skeleton, Ar' does not
represent a substituted or unsubstituted 2-phenanthryl
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group; or when the 3-position of the phenanthryl group is
bonded to the anthracene skeleton, Ar' does not represent an
unsubstituted 3-phenanthryl group.

[0104] Specific examples of the substituted or unsubsti-
tuted, fused aromatic ring group having 10 to 50 ring
forming carbon atoms represented by Ar' in the case where
L' represents a single bond and Ar' does not represent the
group represented by the general formula (2) include a
naphthyl group, a naphthacenyl group, an anthranyl group,
a phenanthryl group, a pentacenyl group, a picenyl group,
chrysenyl group, a benzophenanthryl group, a triphenylenyl
group, a benzanthranyl group, a benzochrysenyl group, a
fluoranthenyl group, a benzofluoranthenyl group, a benzo-
fluorenyl group, and a dibenzofluorenyl group (It should be
noted that, in the general formula (1-1), Ar' does not
represent an unsubstituted 1-phenanthryl group in the case
where the 1-position of the phenanthryl group is bonded to
the anthracene skeleton. In addition, Ar' does not represent
a substituted or unsubstituted 2-phenanthryl group in the
case where the 2-position of the phenanthryl group is
bonded to the anthracene skeleton. Further, Ar' does not
represent an unsubstituted 3-phenanthryl group in the case
where the 3-position of the phenanthryl group is bonded to
the anthracene skeleton). Of those, a naphthyl group is
preferred.

[0105] Specific examples of the substituted or unsubsti-
tuted heterocyclic group having 5 to 50 ring forming atoms
represented by Ar' include a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a triazinyl
group, an indolinyl group, a quinolinyl group, an acridinyl
group, a pyrrolidinyl group, a dioxanyl group, a piperidinyl
group, amorpholyl group, a piperazinyl group, a triazinyl
group, a carbazolyl group, a furanyl group, a thiophenyl
group, an oxazolyl group, an oxadiazolyl group, a benzox-
azolyl group, a thiazolyl group, a thiadiazolyl group, a
benzothiazolyl group, a triazolyl group, an imidazolyl
group, a benzimidazolyl group, a benzofuranyl group, and a
dibenzofuranyl group.

[0106] When Ar' represents a group except the fused
aromatic ring group and the heterocyclic group, Ar' may
represent the fluorenyl group, or the substituted or unsub-
stituted indenyl group.

[0107] When Ar' in the general formula (1-1) represents a
group represented by the general formula (2), A represents
a substituent selected from a substituted or unsubstituted
phenyl group, a substituted or unsubstituted indenyl group,
a substituted or unsubstituted fluorenyl group, a substituted
or unsubstituted benzofluorenyl group, a substituted or
unsubstituted dibenzofluorenyl group, a substituted or
unsubstituted naphthyl group, a substituted or unsubstituted
phenanthryl group, a substituted or unsubstituted anthrace-
nyl group, a substituted or unsubstituted benzanthracenyl
group, a substituted or unsubstituted naphthacenyl group, a
substituted or unsubstituted fluoranthenyl group, a substi-
tuted or unsubstituted benzofluoranthenyl group, a substi-
tuted or unsubstituted triphenylenyl group, a substituted or
unsubstituted chrysenyl group, a substituted or unsubstituted
pyrenyl group, a substituted or unsubstituted benzophenan-
thryl group, a substituted or unsubstituted benzochrysenyl
group, and a substituted or unsubstituted heterocycle-con-
taining group having 3 to 50, or preferably 5 to 30 nucleus
forming atoms. When Ar” has a plurality of substituents, a
plurality of adjacent substituents may be bonded to each
other to form a saturated or unsaturated, divalent group that
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completes a ring. When the phenanthrene skeleton is bonded
at its 1- or 2-position to the anthracene skeleton, Ar* does not
represent an unsubstituted phenyl group. In addition, when
the phenanthrene skeleton is bonded at its 3-position to the
anthracene skeleton, none of R* and Ar” represents an unsub-
stituted carbazolyl group.

[0108] The substituents R*, R and R in the respective
general formulae each independently represent a substituted
or unsubstituted alkyl group having 1 to 20, preferably 1 to
12, or more preferably 1 to 8 carbon atoms, a substituted or
unsubstituted alkenyl group having 2 to 30, preferably 2 to
12, or more preferably 2 to 8 carbon atoms, a substituted or
unsubstituted alkynyl group having 2 to 30, preferably 2 to
20, more preferably 2 to 12, or particularly preferably 2 to
8 carbon atoms, a substituted or unsubstituted aralkyl group
having 7 to 20, or preferably 9 to 20 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to 20,
or preferably 5 to 12 carbon atoms, a substituted or unsub-
stituted alkoxy group having 1 to 20, preferably 1 to 12, or
more preferably 1 to 8 carbon atoms, a substituted or
unsubstituted aryloxy group having 6 to 20, preferably 6 to
16, or more preferably 6 to 12 ring forming carbon atoms,
a substituted or unsubstituted aryl group having 6 to 50, or
preferably 6 to 20 ring forming carbon atoms, a substituted
or unsubstituted heteroaryl group having 5 to 50 ring form-
ing carbon atoms, a substituted or unsubstituted alkylsilyl
group having 1 to 30, or preferably . . . carbon atoms, a
substituted or unsubstituted arylsilyl group having 6 to 50
ring forming carbon atoms, a substituted or unsubstituted
alkylgermanium group having 1 to 50 carbon atoms, or a
substituted or unsubstituted arylgermanium group having 6
to 50 ring forming carbon atoms. When L' in the general
formula (1-1) does not represent a single bond, and in the
general formula (1-2), the substituent R® does not represent
a substituted or unsubstimted anthracenyl group. When !
represents a single bond, not all R*, R%, and R” represent
anthranyl groups.

[0109] Specific examples of the substituted or unsubsti-
tuted alkyl group having 1 to 20 carbon atoms represented
by each of R*, R“, and R” as substituents in each general
formula include an ethyl group, a methyl group, an i-propyl
group, an n-propyl group, an s-butyl group, a t-butyl group,
a pentyl group, a hexyl group, a cyclopentyl group, and a
cyclohexyl group. Of those, a methyl group, an i-propyl
group, a t-butyl group, and a cyclohexyl group are preferred.

[0110] Specific examples of the substituted or unsubsti-
tuted alkenyl group having 2 to 50 carbon atoms represented
by each of R, R% and R” as substituents in each general
formula include a vinyl group, an allyl group, a 1-butenyl
group, a 2-butenyl group, a 3-butenyl group, a 1,3-butadi-
enyl group, a 1-methylvinyl group, a styryl group, a 2,2-
diphenylvinyl group, a 1,2-diphenylvinyl group, a 1-meth-
vlallyl group, a 1,1-dimethylally group, a 2-methylallyl
group, a 1-phenylallyl group, a 2-phenylallyl group, a 3-phe-
nylallyl group, a 3,3-diphenylallyl group, a 1,2-dimethylal-
lyl group, a 1-phenyl-1-butenyl group, and a 3-phenyl-1-
butenyl group. Of those, a styryl group, a 2,2-diphenylvinyl
group, and a 1,2-diphenylvinyl group are preferred, for
example.

[0111] Specific examples of the alkynyl group having 2 to
50 carbon atoms represented by each of R%, R, and R” as
substituents in each general formula include a propargyl
group and a 3-pentynyl group.

Jan. 2, 2020

[0112] Examples of the substituted or unsubstituted
aralkyl group having 7 to 20 carbon atoms include a benzyl
group, a l-phenylethyl group, a 2-phenylethyl group, a
1-phenylisopropy! group, a 2-phenylisopropyl group, a phe-
nyl-t-butyl group, an a-naphthylmethyl group, a 1-c-naph-
thylethyl group, a 2-o-naphthylethyl group, a 1-o-naphth-
vlisopropyl group, a 2-a-naphthylisopropyl group, a
[-naphthylmethyl group, a 1-f-naphthylethyl group, a 2-8-
naphthylethyl group, a 1-f-naphthylisopropyl group, a 2-p-
naphthylisopropyl group, a p-methylbenzyl group, an
m-methylbenzyl group, an o-methylbenzyl group, a p-chlo-
robenzyl group, an m-chlorobenzyl group, an o-chloroben-
zyl group., a p-bromobenzyl group, an m-bromobenzyl
group, an o-bromobenzyl group, a p-iodobenzyl group, an
m-iodobenzyl group, an o-iodobenzyl group, a p-hydroxy-
benzyl group, an m-hydroxybenzyl group, an o-hydroxy-
benzyl group, a p-aminobenzyl group, an m-aminobenzyl
group, an o-aminobenzyl group, a p-nitrobenzyl group, an
m-nitrobenzyl group, an o-nitrobenzyl group, a p-cyanoben-
zyl group, an m-cyanobenzyl group, an o-cyanobenzyl
group, a 1-hydroxy-2-phenylisopropyl group, and a
1-chloro-2-phenylisopropyl group.

[0113] Examples of the cycloalkyl group having 3 to 20
carbon atoms include a cyclopropyl group, a cyclobutyl
group, a cyclopentyl group, a cyclohexyl group, a 4-meth-
yleyclohexyl group, an adamantane-1,1-diyl group, and an
adamantane-1,3-diyl group.

[0114] The alkoxyl group having 1 to 20 carbon atoms is
a group represented by —OY |, and examples of Y, include
the same examples as those of the alkyl group.

[0115] The substituted or unsubstituted aryl group having
6 to 50 ring forming carbon atoms is the same as that
described above for Ar',

[0116] The substituted or unsubstituted aryloxy group
having 6 to 20 ring forming carbon atoms is a group
represented by —OAr. Ar represents an aryl group, and is
the same as that described above for Ar'.

[0117] Examples of the heteroaryl group having 5 to 50
ring forming atoms include a 1-pyrrolyl group, a 2-pyrrolyl
group, a 3-pyrrolyl group, a pyrazinyl group, a 2-pyridinyl
group, a 3-pyridinyl group, a 4-pyridinyl group, a 1-indolyl
group, a 2-indolyl group, a 3-indolyl group, a 4-indolyl
group, a 5S-indolyl group, a 6-indolyl group, a 7-indolyl
group, a 1-isoindolyl group, a 2-isoindolyl group, a 3-isoin-
dolyl group, a 4-isoindolyl group, a 5-isoindolyl group, a
6-isoindolyl group, a 7-isoindolyl group, a 2-furyl group, a
3-furyl group, a 2-benzofuranyl group, a 3-benzofuranyl
group, a 4-benzofuranyl group, a 5-benzofuranyl group, a
6-benzofuranyl group, a 7-benzofuranyl group, a 1-isoben-
zofuranyl group, a 3-isobenzofuranyl group, a 4-isobenzo-
furanyl group, a 5-isobenzofuranyl group, a 6-isobenzofura-
nyl group, a 7-isobenzofuranyl group, a quinolyl group, a
3-quinolyl group, a 4-quinolyl group, a 5-quinolyl group, a
6-quinolyl group, a 7-quinolyl group, an 8-quinolyl group, a
1-isoquinolyl group, a 3-isoquinolyl group, a 4-isoquinolyl
group, a S-isoquinolyl group, a 6-isoquinolyl group, a 7-iso-
quinolyl group, an 8-isoquinolyl group, a 2-quinoxalinyl
group, a S-quinoxalinyl group, a 6-quinoxalinyl group, a
1-carbazolyl group, a 2-carbazolyl group, a 3-carbazolyl
group, a 4-carbazolyl group, a 9-carbazolyl group, a
1-phenanthridinyl group, a 2-phenanthridinyl group, a
3-phenanthridinyl group, a 4-phenanthridinyl group, a
6-phenanthridinyl group, a 7-phenanthridinyl group, an
8-phenanthridinyl group, a 9-phenanthridinyl group, a
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10-phenanthridinyl group, a 1-acridinyl group, a 2-acridinyl
group, a 3-acridinyl group, a 4-acridinyl group, a 9-acridinyl
group, a 1,7-phenanthrolin-2-y1 group, a 1,7-phenanthrolin-
3-yl group, a 1,7-phenanthrolin-4-yl group, a 1,7-phenan-
throlin-5-yl group, a 1,7-phenanthrolin-6-yl group, a 1,7-
phenanthrolin-8-yl group, a 1,7-phenanthrolin-9-y1 group, a
1,7-phenanthrolin-10-yl group, a 1,8-phenanthrolin-2-yl
group, a 1,8-phenanthrolin-3-yl group, a 1,8-phenanthrolin-
4-yl group, a 1,8-phenanthrolin-5-y1 group, a 1,8-phenan-
throlin-6-yl group, a 1,8-phenanthrolin-7-yl group, a 1,8-
phenanthrolin-9-yl group, a 1,8-phenanthrolin-10-y1 group,
a 1,9-phenanthrolin-2-yl group, a 1,9-phenanthrolin-3-yl
group, a 1,9-phenanthrolin-4-yl group, a 1,9-phenanthrolin-
5-yl group, a 1,9-phenanthrolin-6-y1 group, a 1,9-phenan-
throlin-7-yl group, a 1,9-phenanthrolin-8-yl group, a 1,9-
phenanthrolin-10-y1 group, a 1,10-phenanthrolin-2-y1 group,
a 1,10-phenanthrolin-3-yl group, a 1,10-phenanthrolin-4-yl
group, a 1,10-phenanthrolin-5-yl group, a 2,9-phenanthro-
lin-1-yl group, a 2,9-phenanthrolin-3-yl group, a 2,9-
phenanthrolin-4-yl group, a 2,9-phenanthrolin-5-yl group, a
2,9-phenanthrolin-6-yl group, a 2,9-phenanthrolin-7-yl
group, a 2,9-phenanthrolin-8-y1 group, a 2,9-phenanthrolin-
10-y1 group, a 2,8-phenanthrolin-1-yl group, a 2,8-phenan-
throlin-3-yl group, a 2,8-phenanthrolin-4-yl group, a 2,8-
phenanthrolin-5-yl group, a 2,8-phenanthrolin-6-y1 group, a
2,8-phenanthrolin-7-yl group, a 2,8-phenanthrolin-9-yl
group, a 2,8-phenanthrolin-10-yl group, a 2,7-phenanthro-
lin-1-yl group, a 2,7-phenanthrolin-3-yl group, a 2,7-
phenanthrolin-4-yl group, a 2,7-phenanthrolin-5-y1 group, a
2,7-phenanthrolin-6-yl group, a 2,7-phenanthrolin-8-yl
group, a 2,7-phenanthrolin-9-yl group, a 2,7-phenanthrolin-
10-y1 group, a 1-phenazinyl group, a 2-phenazinyl group, a
1-phenothiazinyl group, a 2-phenothiazinyl group, a 3-phe-
nothiazinyl group. a 4-phenothiazinyl group, a 10-phenothi-
azinyl group, a l-phenoxazinyl group, a 2-phenoxazinyl
group, a 3-phenoxazinyl group, a 4-phenoxazinyl group, a
10-phenoxazinyl group, a 2-oxazolyl group, a 4-oxazolyl
group, a S-oxazolyl group, a 2-oxadiazolyl group, a 5-0x-
adiazolyl group, a 3-furazanyl group, a 2-thienyl group, a
3-thienyl group, a 2-methylpyrrol-1-yl group, a 2-methyl-
pyrrol-3-yl group, a 2-methylpyrrol-4-yl group, a 2-meth-
vlpyrrol-5-y1 group, a 3-methylpyrrol-1-y1 group, a 3-meth-
ylpyrrol-2-yl group, a 3-methylpyrrol-4-yl group, a
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3-methylpyrrol-5-yl group, a 2-t-butylpyrrol-4-yl group, a
3-(2-phenylpropyl)pyrrol-1-yl group, a 2-methyl-1-indolyl
group, a 4-methyl-1-indolyl group, a 2-methyl-3-indolyl
group, a 4-methyl-3-indolyl group, a 2-t-butyl-1-indolyl
group, a 4-t-butyl-1-indolyl group, a 2-t-butyl-3-indolyl
group, a 4-t-butyl-3-indolyl group, and divalent groups
thereof.

[0118] Examples of the alkylsilyl group having 1 to 30
carbon atoms include a trimethylsilyl group, a triethylsilyl
group, a t-butyldimethylsilyl group, a vinyldimethylsilyl
group, and a propyldimethylsilyl group.

[0119] Examples of the arylsilyl group having 6 to 50 ring
forming carbon atoms include a triphenylsilyl group, a
phenyldimethylsilyl group, a t-butyldiphenylsilyl group, a
tritolylsilyl group. a trixylylsilyl group, and a trinaphthylsi-
1yl group.

[0120] Examples of the alkylgermanium group having 1 to
50 carbon atoms include a methylhydrogermyl group, a
trimethylgermyl group, a triethylgermyl group, a tripropy-
lgermyl group, and a dimethyl-t-butylgermyl group.
[0121] Examples of the arylgermanium group having 6 to
50 ring forming carbon atoms include a phenyldihydroger-
myl group, a diphenylhydrogermyl group, a triphenylgermyl
group, a tritolylgermyl group, and a trinaphthylgermyl
group.

[0122] The number y of the substituents R*’s is an integer
of 0 to 4, preferably 0 or 1, or more preferably 0. The number
p of the substituents R*’s is an integer of O to 8, preferably
0 to 2, or more preferably 0. The number q of the substitu-
ents R”’s is an integer of 0 to 9, preferably O to 2, or more
preferably 0. The number r of the substituents R®s is an
integer of 0 to 4, preferably 0 or 1, or more preferably 0. The
number s of the substituents R%s is an integer of 0 to 4,
preferably 0 or 1, or more preferably 0. When y represents
2 to 4, p represents 2 fo 8, q represents 2 to 9, r represents
210 4, or s represents 2 to 4, a plurality of R™’s, a plurality
of R®s, a plurality of R?’s, a plurality of R%’s, or a plurality
of R®s may be identical to or different from each other.
[0123] Representative examples of the anthracene deriva-
tive having a phenanthryl group of the present invention
represented by the general formula (1-1) when L' does not
represent a single bond or by the general formula (1-2) are
given below. However, the present invention is not limited
to the representative examples.

[Chem. 9]
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[0124] Representative examples of the anthracene deriva- a single bond and Ar' is not represented by the general
tive having a phenanthryl group of the present invention formula (2) are given below. However, the present invention
represented by the general fornmula (1-1) when L' represents is not limited to the representative examples.



Jan. 2, 2020

US 2020/0006664 A1

[Chem. 21]



Jan' 2= 2020

US 2020/0006664 A1

el
E
1%a) 2
2
]



Jan. 2, 2020

US 2020/0006664 A1

[Chem. 22]



Jan. 2, 2020

US 2020/0006664 A1

41

-continued



Jan. 2, 2020

US 2020/0006664 A1

42

continued

[Chem.23]



Jan' 2= 2020

US 2020/0006664 A1

e
2
cn Z
<3 m
I}
? O

244



Jan. 2, 2020

US 2020/0006664 A1

44

-continued



Jan. 2, 2020

US 2020/0006664 A1

[Chem.26]

m@ Wm.w &



Jan. 2, 2020

US 2020/0006664 A1

46

(]
@ oY,
OQM ok ¢ Mo
o9
0 o 400
~ ~ SOOI
0 99 OO A 99
pue X "
b P SO
SO EERPES 99 9

A
o



US 2020/0006664 A1 Jan. 2, 2020
47

-continued

O 0
0 2%
S3000 OS5
90 (490
SO 0-0)
T
00y O
-0 OO0
SO YHEH
590
s 8"'

[Chem. 25]




Jan. 2, 2020

US 2020/0006664 A1

48

-continued




Jan. 2, 2020

US 2020/0006664 A1

49

-continued

| D
O
o0
Y

oY,



US 2020/0006664 A1 Jan. 2, 2020
50

-continued




US 2020/0006664 A1 Jan. 2, 2020
51

-continued

%g



US 2020/0006664 A1 Jan. 2, 2020
52

-continued



Jan. 2, 2020

US 2020/0006664 A1

53

-continued

[Chem. 27



US 2020/0006664 A1 Jan. 2, 2020
54

-continued



Jan. 2, 2020

US 2020/0006664 A1

55



US 2020/0006664 A1 Jan. 2, 2020



Jan, 2, 2020

US 2020/0006664 A1

~
Y )

Mty



US 2020/0006664 A1 Jan. 2, 2020
58

[0125] Representative examples of the anthracene deriva- _continued

tive of the present in\;eption represented by the general (Chem. 30]
formula (1-1) when Ar- is represented by the general for-
mula (2) are given below. However, the present invention is
not limited to the representative examples.
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[0126] The anthracene derivative represented by the gen-
eral formula (1-1) or (1-2) of the present invention is a
material for an organic EL device. In addition, the anthra-
cene derivative represented by the general formula (1-1) or
(1-2) of the present invention is a light emitting material for
an organic EL device.

[0127] An organic electroluminescence device of the pres-
ent invention has one or more organic thin film layers
including a light emitting layer between a cathode and an
anode, and at least one layer of the organic thin film layers
contains any one of the anthracene derivatives.

[0128] The organic EL device of the present invention is
preferably such that the light emitting layer contains the
anthracene derivative represented by the general formula
(1-1) or (1-2).

[0129] The organic EL device of the present invention is
preferably such that the anthracene derivative is a host
material for the light emitting layer.

[0130] The anthracene derivative having a phenanthryl
group of the present invention described above is utilized
mainly in an organic EL device, or specifically as a light
emitting material in the organic EL device.

[0131] Hereinafter, the constitution of the organic EL
device of the present invention is described.

[0132] Typical examples of the device structure of the
organic EL device of the present invention include the
following:

[0133] (1) an anode/light emitting layet/cathode;

[0134] (2) an anode/hole injecting layer/light emitting
layer/cathode;

[0135] (3) an anode/light emitting layer/electron injecting
layer/cathode;

[0136] (4) an anode/hole injecting layer/light emitting

layer/electron injecting layer/cathode;

[0137] (5) an anode/organic semiconductor layer/light
emitting layer/cathode;

[0138] (6) an anode/organic semiconductor layer/electron
blocking layer/light emitting layer/cathode;
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[0139] (7) an anode/organic semiconductor layer/light
emitting layer/adhesion improving layer/cathode;

[0140] (8) an anode/hole injecting layer/hole transporting
layer/light emitting layer/electron injecting layer/cathode;
[0141] (9) an anode/insulating layer/light emitting layer/
insulating layer/cathode;

[0142] (10) an anode/inorganic semiconductor layer/insu-
lating layer/light emitting layer/insulating layer/cathode;
[0143] (11) an anode/organic semiconductor layer/insulat-
ing layer/light emitting layer/insulating layer/cathode;
[0144] (12) an anode/insulating layer/hole injecting layer/
hole transporting layer/light emitting layer/insulating layer/
cathode; and

[0145] (13) an anode/insulating layer/hole injecting layer/
hole transporting layer/light emitting layer/electron injecting
layer/cathode.

[0146] Of those, the structure (8) is preferably used in
ordinary cases. However, the structure is not limited to the
foregoing.

[0147] In addition, in the organic EL device of the present
invention, the anthracene derivative having a phenanthryl
group of the present invention represented by the general
formula (1-1) or the general formula (1-2) may be used in
any one of the above-mentioned organic layers. However,
the derivative is incorporated into preferably a light emitting
zone in the structural elements, or into particularly prefer-
ably the light emitting layer. The content at which the
derivative is incorporated is selected from the range of 30 to
100 mol %.

[0148] The organic EL device is generally prepared on a
light-transmissive substrate. The light-transmissive sub-
strate is the substrate which supports the organic EL device.
As for the light transmittance, the light-transmissive sub-
strate desirably has a transmittance of light of 50% or more
in the visible light region where the wavelength is 400 to 700
nm. Further, the light-transmissive substrate is preferably
flat and smooth.

[0149] As the light-transmissive substrate, for example, a
glass plate or a synthetic resin plate is suitably used.
Examples of the glass plate include plates formed of, in
particular, soda-lime glass, glass containing barium and
strontium, lead glass, aluminosilicate glass, borosilicate
glass, barium borosilicate glass, and quartz. In addition,
examples of the synthetic resin plate include plates formed
of a polycarbonate resin, an acrylic resin, a polyethylene
terephthalate resin, a polyether sulfide resin, and a polysul-
fone resin.

[0150] Subsequently, the anode bears the role of injecting
a hole to the hole transporting layer or the light emitting
layer. It is effective that the anode has a work function of4.5
eV or more. Specific examples of a material for the anode
used in the present invention include indium tin oxide (ITO),
a mixture of indium oxide and zinc oxide, a mixture of ITO
and cerium oxide (ITCO), a mixture of the mixture of
indium oxide and zinc oxide and cerium oxide (IZCO), a
mixture of indium oxide and cerium oxide (ICO), a mixture
of zinc oxide and aluminum oxide (AZQO), tin oxide
(NESA), gold, silver, platinum, and copper.

[0151] The anode may be produced by forming a thin film
with one of the above-mentioned materials for electrodes by,
for example, a vapor deposition method or a sputtering
method.

[0152] When the light emitted from the light emitting
layer 1s obtained through the anode as described above, it is
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preferred that the anode have a transmittance of more than
10% with respect to the emitted light. It is also preferred that
the sheet resistance of the anode be several hundred Q/(J or
less. The thickness of the anode is, in general, selected in the
range of 10 nm to 1 pum or preferably in the range of 10 to
200 nm although the preferred range may be different
depending on the used material.

[0153] In the organic EL device of the present invention,
the light emitting layer has the following functions.

[0154] (i) The injecting function: the function of injecting
holes from the anode or the hole injecting layer and injecting
electrons from the cathode or the electron injecting layer
when an electric field is applied.

[0155] (i) The transporting function: the function of trans-
porting injected charges (i.e., electrons and holes) by the
force of the electric field.

[0156] (iii) The light emitting function: the function of
providing the field for recombination of electrons and holes
and leading the recombination to the emission of light.
[0157] For example, a known method such as a vapor
deposition method, a spin coating method, or an LB method
is applicable to the formation of the light emitting layer. The
light emitting layer is particularly preferably a molecular
deposit film. The term “molecular deposit film” as used
herein refers to a thin film formed by the deposition of a
material compound in a vapor phase state, or a film formed
by the solidification of a material compound in a solution
state or a liquid phase state. The molecular deposit film can
be typically distinguished from a thin film formed by the LB
method (molecular accumulation film) on the basis of dif-
ferences between the films in aggregation structure and
higher order structure, and functional differences between
the films caused by the foregoing differences.

[0158] Inaddition, as disclosed in JP 57-51781 A, the light
emitting layer can also be formed by preparing a solution of
a binder such as a resin and a material compound dissolved
in a solvent, and then forming the solution into a thin film
by the spin coating method or the like.

[0159] Inthe present invention, any known metal complex
compound other than light emitting materials formed of
pyrene-based derivatives and amine compounds may be
incorporated into the light emitting layer as desired to such
an extent that the object of the present invention is not
impaired. In addition, a light emitting layer containing any
other known metal complex compound may be laminated on
the light emitting layer containing the compound according
to the present invention.

[0160] The metal complex compound is preferably a metal
complex compound containing at least one metal selected
from Ir, Ru, Pd, Pt, Os, and Re, and its ligands preferably
have at least one skeleton selected from a phenylpyridine
skeleton, a bipyridyl skeleton, and a phenanthroline skel-
eton. Specific examples of such metal complex include, but
not limited to, tris(2-phenylpyridine)iridium, tris(2-phe-
nylpyridine)ruthenium, tris(2-phenylpyridine)palladium, bis
(2-phenylpyridine)platinum, tris(2-phenylpyridine)osmium,
tris(2-phenylpyridine)rhenium, octaethyl platinum porphy-
rin, octaphenyl platinum porphyrin, octaethyl palladium
porphyrin, and octaphenyl palladium porphyrin. An appro-
priate complex is selected depending on a requested lumi-
nescent color, device performance, and a relationship with a
host compound.

[0161] The phosphorescent dopant is a compound capable
of emitting light from a triplet exciton. The dopant, which is
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not particularly limited as long as light is emitted from a
triplet exciton, is preferably a metal complex containing at
least one metal selected from the group consisting of Ir, Ru,
Pd, Pt, Os, and Re, and is preferably a porphyrin metal
complex or an orthometalated metal complex. A porphyrin
platinum complex is preferred as the porphyrin metal com-
plex. One kind of a phosphorescent compound may be used
alone, or two or more kinds of phosphorescent compounds
may be used in combination.

[0162] There are various ligands which can be used for
forming an orthometalated metal complex. Preferred
examples of the ligands include 2-phenylpyridine deriva-
tives, 7,8-benzoquinoline derivatives, 2-(2-thienyl)pyridine
derivatives, 2-(1-naphthyl)pyridine derivatives, and 2-phe-
nylquinoline derivatives. Fach of those derivatives may
have a substituent as required. A metal complex having a
ligand into which a fluorine atom or a trifluoromethyl group
is introduced is particularly preferred as a blue-based dop-
ant. The metal complex may further include a ligand other
than the above-mentioned ligands such as acetylacetonato or
picric acid as an auxiliary ligand.

[0163] The content of the phosphorescent dopant in the
light emitting layer is not particularly limited, and can be
appropriately selected in accordance with the purpose. The
content is, for example, 0.1 to 70 mass %, or preferably 1 to
30 mass %. When the content of the phosphorescent com-
pound is less than 0.1 mass %, the intensity of emitted light
is weak, and an effect of the incorporation of the compound
is not sufficiently exerted. When the content exceeds 70
mass %, a phenomenon called concentration quenching
becomes remarkable, and device performance reduces.

[0164] In addition, the light emitting layer may contain a
hole transporting material, an electron transporting material,
or a polymer binder as required.

[0165] Further, the thickness of the light emitting layer is
preferably 5 to 50 nm, more preferably 7 to 50 nm, or most
preferably 10 to 50 nm. When the thickness is less than 5
nm, it becomes difficult to form the light emitting layer, so
the adjustment of chromaticity may be difficult. When the
thickness exceeds 50 nm, the driving voltage may increase.

[0166] The fluorescent dopant is preferably a compound
selected from, for example, an amine-based compound, an
aromatic compound, a chelate complex such as a tris(8-
quinolinolato)aluminum complex, a coumarin derivative, a
tetraphenylbutadiene derivative, a bisstyrylarylene deriva-
tive, and an oxadiazole derivative in accordance with a
requested luminescent color. An arylamine compound and
an aryldiamine compound are particularly preferred
examples of such compound. Of those, a styrylamine com-
pound, a styryldiamine compound, an aromatic amine com-
pound, or an aromatic diamine compound is more preferred,
and a fused polycyclic amine derivative is still more pre-
ferred. One kind of those fluorescent dopants may be used
alone, or two or more kinds thereof may be used in com-
bination.

[0167] Such fused polycyclic amine derivative is prefer-
ably any one of those represented by the following general
formulae (5) and (6).
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[0168]

[0169] substituents R® and R each represent a substituted
or unsubstituted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted alkenyl group having 2 to 50
carbon atoms, a substituted or unsubstituted alkynyl group
having 2 to 50 carbon atoms, a substituted or unsubstituted
aralkyl group having 7 to 20 carbon atoms, a substituted or
unsubstituted cycloalkyl group having 3 to 20 ring forming
carbon atoms, a substituted or unsubstituted alkoxy group
having 1 to 20 carbon atoms, a substituted or unsubstituted
aryloxy group having 6 to 20 ring forming carbon atoms, a
substituted or unsubstituted aryl group having 6 to 50 ring
forming carbon atoms, a substituted or unsubstituted alkyl-
silyl group having 1 to 30 carbon atoms, a substituted or
unsubstituted arylsilyl group having 6 to 50 ring forming
carbon atoms, a substituted or unsubstituted alkylgerma-
nium group having 1 to 50 carbon atoms, or a substituted or
unsubstituted arylgermanium group having 6 to 50 ring
forming carbon atoms;

[0170]

In the general formulae (5) and (6):

“t” represents an integer of 0 to 10,
[0171] “u” represents an integer of O to §; and

[0172] Ar® to Ar® and Ar” to Ar'® each represent a substi-
tuted or unsubstituted aryl group having 6 to 20 ring forming
carbon atoms, or a substituted or unsubstituted heteroaryl
group having 5 to 20 ring forming atoms.

[0173] Specific examples of the substituents R® and R in
the general formulae (5) and (6) are the same as the specific
examples of the substituents R* and R’ and specific
examples of Ar’ to Ar® and Ar” to Ar'® in the formulae are
the same as the specific examples of Ar’.

[0174] The styrylamine compound and the styryldiamine
compound are preferably those represented by the following
general formulae (7) and (8).
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[0175] In the general formula (7), Ar'! represents a group
selected from a phenyl group, a naphthyl group, a biphenyl
group, a terphenyl group, a stilbene group, and a distyrylaryl
group, Ar'? and Ar'> each represent an aromatic hydrocar-
bon group having 6 to 20 ring forming carbon atoms, and
Ar', Ar'?, and Ar'® may each be substituted, “v” represents
an integer of 1 to 4, or “v” preferably represents an integer
of 1 or 2, one of Ar'" to Ar'? preferably represents a group
containing a styryl group, and at least one of Ar'? and Ar'?

is more preferably substituted with a styryl group.

[0176] Herein, examples of the aromatic hydrocarbon
group having 6 to 20 ring forming carbon atoms include a
phenyl group, a naphthyl group, an anthranyl group, a
phenanthryl group, and a terphenyl group.

[0177] In the general formula (8), Ar** to Ar'® each rep-
resent a substituted or unsubstituted aromatic group having
6 to 40 ring forming carbon atoms, and “w” represents an
integer of 1 to 4, or “w” preferably represents an integer of

1or2.

[0178] Herein, examples of the aromatic group having 6 to
40 ring forming carbon atoms include a phenyl group, a
naphthyl group, an anthranyl group, a phenanthryl group, a
pyrenyl group, a coronyl group, a biphenyl group, a terphe-
nyl group, a pyrrolyl group, a furanyl group, a thiophenyl
group, a benzothiophenyl group, an oxadiazolyl group, a
diphenylanthranyl group, an indolyl group, a carbazolyl
group, a pyridyl group, a benzoquinolyl group, a fluoranthe-
nyl group, an acenaphthofluoranthenyl group, a stilbene
group, a perylenyl group, a chrysenyl group, a picenyl
group, a triphenylenyl group, a rubicenyl group, a benzo-
anthracenyl group, a phenylanthranyl group, a bisanthrace-
nyl group, and an aromatic group represented by the fol-
lowing general formulae (9) or (10). Preferred are a naphthyl
group, an anthranyl group, a chrysenyl group, a pyrenyl
group, and an aromatic represented by the general formula
(10).

[Chem. 38]
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¥
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[0179] In the above-mentioned general formula (9), rep-
resents an integer of 1 to 3.

[0180]
which preferably substitutes the aromatic group include

It should be noted that examples of the substituent

alkyl groups each having 1 to 6 carbon atoms (such as an
ethyl group, a methyl group, an i-propyl group, an n-propyl
group, an s-butyl group, a t-butyl group, a pentyl group, a
hexyl group, a cyclopentyl group, and a cyclohexyl group),
alkoxy groups each having 1 to 6 carbon atoms (such as an
ethoxy group, a methoxy group, an i-propoxy group, an
n-propoxy group, an s-butoxy group, a t-butoxy group, a
pentoxy group, a hexyloxy group, a cyclopentoxy group,
and a cyclohexyloxy group), aromatic groups each having 5
to 40 ring forming carbon atoms, amino groups each sub-
stituted by an aromatic group having 5 to 40 ring forming
carbon atoms, ester groups each containing an aromatic
group having 5 to 40 ring forming carbon atoms, ester
groups each containing an alkyl group having 1 to 6 carbon
atoms, a cyano group, a nitro group, and halogen atoms.

[0181] Subsequently. the hole injecting/transporting layer
is a layer which: aids the injection of a hole into the light
emitting layer; and transports the hole to a light emitting
region. The hole injecting/transporting layer has a large hole
mobility, and its ionization energy is typically as small as 5.5
eV or less. Such hole injecting/transporting layer is prefer-
ably formed of a material that transports a hole to the light
emitting layer at an additionally low electric field intensity.
Further, the hole mobility is preferably at least 10~ cm?/
V-sec at the time of the application of, for example, an
electric field of 10* to 10° V/em.

[0182]
layer is formed is not particularly limited as long as the
material has the preferred nature. An arbitrary material

A material of which the hole injecting/transporting

selected from those conventionally used as hole charge
transporting materials in photoconductive materials and
known materials used in the hole injecting layers of organic
EL devices can be used. Potential examples of the aromatic
amine derivative include compounds represented by the
following general formulae (11) to (15).
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[0183] In the general formula (11), Ar™ to Ar®, Ar*! to
Ar®, and Ar® to Ar® each represent a substituted or unsub-
stituted aromatic hydrocarbon group having 6 to 50 ring
forming carbon atoms, or a substituted or unsubstituted
aromatic heterocyclic group having 5 to 50 ring forming
atoms, “a” to “c” and “p” to “r” each represent an integer of
0to 3, and Ar’ and Ar®, Ar® and Ar%, or Ar” and Ar® may be
linked to each other to form a saturated or unsaturated ring.
[0184] Specific examples of the substituted or unsubsti-
tuted aromatic hydrocarbon group having 6 to 50 ring
forming carbon atoms, and the substituted or unsubstituted
aromatic heterocyclic group having 5 to 50 ring forming
atoms include the same groups as those given above.

[Cherm. 40]
(12)
\Y
(AIA)X/\ /

[0185] Ar' to Ar*in the general formula (12) each repre-
sent a substituted or unsubstituted aromatic hydrocarbon
group having 6 to 50 ring forming carbon atoms, or an
aromatic heterocyclic group having 5 to 50 ring forming
atoms. [, represents a linking group, and represents a single
bond, a substituted or unsubstituted aromatic hydrocarbon
group having 6 to 50 ring forming carbon atoms, or an
aromatic heterocyclic group having 5 to 50 ring forming
atoms. “x” represents an integer of 0 to 5. Ar* and Ar® may
be linked to each other to form a saturated or unsaturated
ring. Herein, specific examples of the aromatic hydrocarbon
group having 6 to 50 ring forming carbon atoms and the
aromatic heterocyclic group having 5 to 50 ring forming
atoms include the same examples as those described above.
[0186] Specific examples of the compounds include: tri-
azole derivatives (see, for example, U.S. Pat. No. 3,112,
197); oxadiazole derivatives (see, for example, U.S. Pat. No.
3,189,447); imidazole derivatives (see, for example, JP-B-
37-16096): polyarylalkane derivatives (see, for example,
U.S. Pat. Nos. 3,615,402, 3,820,989, 3,542,544, JP-B-45-
555, JP-B-51-10983, JP-A-51-93224, JP-A-55-17105,

66

Jan. 2, 2020

JP-A-56-4148, JP-A-55-108667, IP-A-55-156953, and
JP-A-56-36656); pyrazoline derivatives and pyrazolone
derivatives (see, for example, U.S. Pat. Nos. 3,180,729,
4,278,746, IP-A-55-88064, JP-A-55-88065, JP-A-49-
105537, JP-A-55-51086, JP-A-56-80051, IP-A-56-88141,
JP-A-57-45545, JP-A-54-112637, and JP-A-55-74546);
phenylenediamine derivatives (see, for example, U.S. Pat.
No. 3,615,404, IP-B-51-10105, JP-B-46-3712, JP-B-47-
25336, and JP-A-54-119925); arylamine derivatives (see,
for example, U.S. Pat. Nos. 3,567,450, 3,240,597, 3,658,
520, 4,232,103, 4,175,961, 4,012,376, JP-B-49-35702,
JP-B-39-27577, IP-A-55-144250, JP-A-56-119132, JP-A-
56-22437, and DE 1,110,518); amino-substituted chalcone
derivatives (see, for example, U.S. Pat. No. 3,526,501);
oxazole derivatives (those disclosed in, for example, U.S.
Pat. No. 3,257,203); styrylanthracene derivatives (see, for
example, JP-A-56-46234); fluorenone derivatives (see, for
example, JP-A-54-110837); hydrazone derivatives (see, for
example, U.S. Pat. No. 3,717,462, JP-A-54-59143, JP-A-
55-52063, JP-A-55-52064, JP-A-55-46760, JP-A-57-11350,
JP-A-57-148749, and JP-A-02-311591); stilbene derivatives
(see, for example, JP-A-61-210363, JP-A-61-228451, JP-A-
61-14642, JP-A-61-72255, JP-A-62-47646, IP-A-62-36674,
JP-A-62-10652, JP-A-62-30255, JP-A-60-93455, JP-A-60-
94462, JP-A-60-174749, and JP-A-60-175052); silazane
derivatives (U.S. Pat. No. 4,950,950); polysilane-based
copolymers (JP-A-02-204996); aniline-based copolymers
(JP-A-02-282263); and conductive high molecular oligom-
ers (in particular, thiophene oligomer).

[0187] As a material for the hole injecting layer, the
materials described above can be used. However, porphyrin
compounds (those disclosed in, for example, JP-A-63-
295695), and aromatic tertiary amine compounds and
styrylamine compounds (see, for example, U.S. Pat. No.
4127412, IJP-A-53-27033, JP-A-54-58445, JP-A-55-
79450, JP-A-55-144250, JP-A-56-119132, JP-A-61-
295558, JP-A-61-98353, and JP-A-63-295695) are prefer-
ably used. The aromatic tertiary amine compounds are
particularly preferably used.

[0188] Further examples include a compound having two
fused aromatic rings in the molecule, such as 4,4'-bis(N-(1-
naphthy!)-N-phenylamino)biphenyl (hereinafter abbreviated
as NPD), as disclosed in U.S. Pat. No. 5,061,569, and a
compound in which three triphenylamine units are bonded
together in a star-burst shape, such as 4,4'4"-tris(N-(3-
methylphenyl)-N-phenylamino) triphenylamine (hereinafter
abbreviated as MTDATA), as disclosed in JP-A-04-308688.
In addition to the compounds described above, a nitrogen-
containing heterocyclic derivative represented by the fol-
lowing general formula (13), as disclosed in JP-B-3571977,
can also be used.

[Chem.41]
: (13)
R
P
N. N
\ / \RZ
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Y
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[0189] R, R? R? R% R’ and R® in the general formula
(13) each represent a substituted or unsubstituted alkyl
group, a substituted or unsubstituted aromatic group, a
substituted or unsubstituted aralkyl group, or a substituted or
unsubstituted heterocyclic group, provided that R, R?, R?,
R* R®, and R® may be identical to or different from each
other. R' and R?, R* and R?, and R® and RS, or R! and RS,
R? and R?, and R* and R® may each form a fused ring.
[0190] In addition, a compound represented by the fol-
lowing general formula (14), as described in US 2004-
0113547, can also be used.

[Chem. 42]
al . (14)
N/ \N
N
wd \
. —
R® R*

[0191] R!to R® in the general formula (14) each represent
a substituent, or preferably an electrophilic group such as a
cyano group, a nitro group, a sulfonyl group, a carbonyl
group, a trifluoromethyl group, or a halogen.

[0192] An inorganic compound such as p-type Si or p-type
SiC can also be used as a material for the hole injecting
layer.

[0193] The hole injecting layer and the hole transporting
layer can each be formed by forming a thin layer from the
compounds described above in accordance with a known
method such as a vacuum vapor deposition method, a spin
coating method, a casting method, or an LB method. The
thickness of each of the hole injecting layer and the hole
transporting layer is not particularly limited. In general, the
thickness is 5 nm to 5 pm. The hole injecting layer and the
hole transporting layer may be formed of a single layer
containing one kind of or two or more kinds of the materials
described above, or may be a laminate as long as the
materials are incorporated in the hole transporting zone.

[0194] Further, an organic semiconductor layer is a layer
for helping the injection of holes and electrons into the light
emitting layer. As the organic semiconductor layer, a layer
having a conductivity of 107'° S/cm or more is suitable. As
the material for the organic semiconductor layer, the fol-
lowing can be used: an oligomer containing thiophene; and
conductive oligomers such as an oligomer containing an
arylamine and conductive dendrimers such as a dendrimer
containing an arylamine, which are disclosed in JP-A-08-
193191.

[0195] Subsequently, the electron injecting layer and the
transporting layer are layers which help injection of elec-
trons into the light emitting layer, transport the electrons to
the light emitting region, and exhibit a great mobility of
electrons. In addition, the adhesion improving layer is an
electron injecting layer including a material exhibiting par-
ticularly improved adhesion with the cathode.
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[0196] In addition, it is known that, in an organic EL
device, emitted light is reflected by an electrode (cathode in
this case), so emitted light directly extracted from an anode
and emitted light extracted via the reflection by the electrode
interfere with each other. The thickness of an electron
transporting layer is appropriately selected from the range of
several nanometers to several micrometers in order that the
interference effect may be effectively utilized. However,
when the thickness is particularly large, an electron mobility
is preferably at least 10~ cm?/Vs or more upon application
of an electric field of 10* to 10° V/cm in order to avoid an
increase in voltage.

[0197] A metal complex of 8-hydroxyquinoline or of a
derivative of 8-hydroxyquinoline, or an oxadiazole deriva-
tive is suitable as the material to be used for the electron
injecting layer. Specific examples of the above-mentioned
metal complex of 8-hydroxyquinoline or of the derivative of
8-hydroxyquinoline, which can be used as the electron
injecting material, include metal chelate oxynoid com-
pounds each containing a chelate of oxine (generally 8-qui-
nolinol or 8-hydroxyquinoline) such as tris(8-quinolinol)
aluminum.

[0198] On the other hand, examples of the oxadiazole
derivative include electron transfer compounds represented
by the following general formula (15).

[Chem. 43]
Arl i_x— Ar?
Ar {?_B— ArT—O0—ard {7_&“9

[0199] Ar', Ar?, Ar’, Ar’, Ar® and Ar® in the general
formula (15) each represent a substituted or unsubstituted
aryl group and may be identical to or different from each
other. Further, Ar®, Ar’, and Ar® each represent a substituted
or unsubstituted arylene group and may be identical to or
different from each other.

[0200] Herein, examples of the aryl group include a phe-
nyl group, a biphenyl group, an anthranyl group, a perylenyl
group, and a pyrenyl group. Further, examples of the arylene
group include a phenylene group, a naphthylene group, a
biphenylene group, an anthranylene group, a perylenylene
group, and a pyrenylene group. In addition, examples of the
substituent include alkyl groups each having 1 to 10 carbon
atoms, alkoxy groups each having 1 to 10 carbon atoms, and
a cyano group. As the electron transfer compound, com-
pounds which can form thin films are preferred.

[0201] Specific examples of the electron transfer com-
pounds described above include the following (16).

(15
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[Chem. 44]
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[0202] Further, materials represented by the following
general formulae (17) to (20) can be used as materials used
for the electron injecting layer and electron transporting
layer.

[Chem. 45]
an

1
A

(18)
X)\\NIL\AII\

[0203] A'toA®inthe general formulae (17) and (18) each
independently represent a nitrogen atom or a carbon atom.

[0204] Ar' in the nitrogen-containing heterocyclic deriva-
tive represented by each of the general formulae (17) and
(18) represents a substituted or unsubstituted aryl group
having 6 to 60 ring forming carbon atoms, or a substituted
or unsubstituted heteroaryl group having 3 to 60 ring form-
ing atoms, Ar* represents a hydrogen atom, a substituted or
unsubstituted aryl group having 6 to 60 ring forming carbon
atoms, a substituted or unsubstituted heteroaryl group hav-
ing 3 to 60 ring forming atoms, a substituted or unsubstituted
alkyl group having 1 to 20 carbon atoms, or a substituted or
unsubstituted alkoxy group having 1 to 20 carbon atoms, or
a divalent group of any one of those groups, provided that
one of Ar* and Ar” represents a substituted or unsubstituted

fused ring group having 10 to 60 ring forming carbon atoms
or a substituted or unsubstituted monohetero fused ring
group having 3 to 60 ring forming carbon atoms.

[0205] L', L* and L each independently represent a single
bond, a substituted or unsubstituted arylene group having 6
to 60 ring forming carbon atoms, a substituted or unsubsti-
tuted heteroarylene group having 3 to 60 ring forming
carbon atoms, or a substituted or unsubstituted fluorenylene
group.

[0206] R represents a hydrogen atom, a substituted or
unsubstituted aryl group having 6 to 60 ring forming carbon
atoms, a substituted or unsubstituted heteroaryl group hav-
ing 3 to 60 ring forming atoms, a substituted or unsubstituted
alkyl group having 1 to 20 carbon atoms, or a substituted or
unsubstituted alkoxy group having 1 to 20 carbon atoms, and
n represents an integer of 0 to 5, and, when n represents 2
or more, multiple R’s may be identical to or different from
each other, and multiple R groups adjacent to each other may
be bonded to each other to form a carbocyclic aliphatic ring
or a carbocyclic aromatic ring.

HArL-Ar'— AP (19)

[0207] HAr in the nitrogen-containing heterocyclic
derivative represented by the general formula (19) repre-
sents a nitrogen-containing heterocyclic ring which has 3 to
40 ring forming atoms and may have a substituent, L
represents a single bond, an arylene group which has 6 to 60
ring forming carbon atoms and may have a substituent, a
heteroarylene group which has 3 to 60 ring forming carbon
atoms and may have a substituent, or a fluorenylene group
which may have a substituent, Ar' represents a divalent
aromatic hydrocarbon group which has 6 to 60 ring forming
carbon atoms and may have a substituent, and Ar* represents
an aryl group which has 6 to 60 ring forming carbon atoms
and may have a substituent, or a heteroaryl group which has
3 to 60 ring forming atoms and may have a substituent.
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[Cherm. 46]
(20)
R3 R2
/Si\ R
X Y
[0208] X and Y in the silacyclopentadiene derivative rep-

resented by the general formula (20) each independently
represent a saturated or unsaturated hydrocarbon group
having 1 to 6 carbon atoms, an alkoxy group, an alkenyloxy
group, an alkynyloxy group, a hydroxy group, a substituted
or unsubstituted aryl group, or a substituted or unsubstituted
heterocycle, or X and Y are bonded to each other to form a
structure as a saturated or unsaturated ring; and R, to R, each
independently represent hydrogen, a halogen atom, a sub-
stituted or unsubstituted alkyl group having 1 to 6 carbon
atoms, an alkoxy group, an aryloxy group, a perfluoroalkyl
group, a perfluoroalkoxy group, an amino group, an alkyl-
carbonyl group, an arylcarbonyl group, an alkoxycarbonyl
group, an aryloxycarbonyl group, an azo group, an alkyl-
carbonyloxy group, an arylcarbonyloxy group, an alkoxy-
carbonyloxy group, an aryloxycarbonyloxy group, a sulfinyl
group, a sulfonyl group, a sulfanyl group, a silyl group, a
carbamoyl group, an aryl group, a heterocyclic group, an
alkenyl group, an alkynyl group, a nitro group, a formyl
group, a nitroso group, a formyloxy group, an isocyano
group, a cyanate group, an isocyanate group, a thiocyanate
group, an isothiocyanate group, or a cyano group, or, when
twoormore of R to R, are adjacent to each other, a structure
in which substituted or unsubstituted rings are fused is
formed.

[Chem. 47]
@
R X 7, 7,
Rz -3 B O Rg)s
R3 i R4 O R7
Rs Rg
[0209] R, toRg;andZ, in the borane derivative represented

by the general formula (21) each independently represent a
hydrogen atom, a saturated or unsaturated hydrocarbon
group, an aromatic hydrocarbon group, a heterocyclic group,
a substituted amino group, a substituted boryl group, an
alkoxy group, or an aryloxy group; X, Y, and 7, each
independently represent a saturated or unsaturated hydro-
carbon group, an aromatic hydrocarbon group, a heterocy-
clic group, a substituted amino group, an alkoxy group, or an
aryloxy group; substituents of Z, and Z, may be bonded to
each other to form a fused ring; and “n” represents an integer
of 1 to 3, and, when “n” represents 2 or more, Z,’s may be
different from each other, provided that the case where n

represents 1, X, Y, and R, each represent a methyl group. Ry
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represents a hydrogen atom or a substituted boryl group and
the case where n represents 3 and Z,’s each represent a
methyl group are excluded.

[Chem. 48]

22
Ql\

Qz/

Ga—1..

[0210] Q' and Q” in the metal complex represented by the
general formula (22) each independently represent a ligand
represented by the following general formula (K); and L
represents a halogen atom, a substituted or unsubstituted
alkyl group, a substituted or unsubstituted cycloalkyl group,
a substituted or unsubstituted aryl group, a substituted or
unsubstituted heterocyclic group, —OR' (where R' repre-
sents a hydrogen atom, a substituted or unsubstituted alkyl
group, a substituted or unsubstituted cycloalkyl group, a
substituted or unsubstituted aryl group, or a substituted or
unsubstituted heterocyclic group), or a ligand represented by
—0—Ga-Q* (Q* (where Q® and Q* are identical to Q" and
Q?, respectively).

[Chem. 49]

23)

[0211] Rings A' and A* in the metal complex represented
by the above-mentioned general formula (23) are six-mem-
bered aryl ring structures which are fused with each other
and each of which may have a substituent.

[0212] The metal complex behaves strongly as an n-type
semiconductor, and has a significant electron injecting abil-
ity. Further, generation energy upon formation of the com-
plex is low. As a result, the metal and the ligand of the
formed metal complex are bonded to each other so strongly
that the fluorescent quantum efficiency of the complex as a
light emitting material improves.

[0213] Specific examples of a substituent in the rings A’
and A? each of which form a ligand in the general formula
(22) include: a halogen atom such as chlorine, bromine,
iodine, or fluorine; a substituted or unsubstituted alkyl group
such as a methyl group, an ethyl group, a propyl group, a
butyl group, an s-butyl group, a t-butyl group, a pentyl
group, a hexyl group, a heptyl group, an octyl group, a
stearyl group, or trichloromethyl group; a substituted or
unsubstituted aryl group such as a phenyl group, a naphthyl
group, a 3-methylphenyl group, a 3-methoxyphenyl group,
a 3-fluorophenyl group, a 3-trichloromethylphenyl group, a
3-trifluoromethylphenyl group, or a 3-nitrophenyl group; a
substituted or unsubstituted alkoxy group such as a methoxy
group, an n-butoxy group, a t-butoxy group, a trichlo-
romethoxy group, a trifluoroethoxy group, a pentafluoro-
propoxy group, a 2,2,3,3-tetrafluoropropoxy group, a 1,1,1,
3,3,3-hexafluoro-2-propoxy group, or a 6-(perfluoroethyl)
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hexyloxy group; a substituted or unsubstituted aryloxy
group such as a phenoxy group, a p-nitrophenoxy group, a
p-t-butylphenoxy group, a 3-fluorophenoxy group, a penta-
fluorophenyl group, or a 3-trifluoromethylphenoxy group; a
substituted or unsubstituted alkylthio group such as a meth-
ylthio group, an ethylthio group, a t-butylthio group, a
hexylthio group, an octylthio group, or a trifluoromethylthio
group; a substituted or unsubstituted arylthio group such as
a phenylthio group, a p-nitrophenylthio group, a p-t-butyl-
phenylthio group, a 3-fluorophenylthio group, a pentafluo-
rophenylthio group, or a 3-trifluoromethylphenylthio group;
a cyano group; a nitro group; an amino group; a mono-
substituted or di-substituted amino group such as a methyl-
amino group, a diethylamino group, an ethylamino group, a
diethylamino group, a dipropylamino group, a dibutylamino
group, or a diphenylamino group; an acylamino group such
as a bis(acetoxymethyl)amino group, a bis(acetoxyethyl)
amino group, a bis(acetoxypropyl)amino group, or a bis
(acetoxybutyl)amino group; a hydroxyl group; a siloxy
group; an acyl group; a carbamoyl group such as a methyl-
carbamoyl group, a dimethylcarbamoyl group, an ethylcar-
bamoyl group, a diethylcarbamoyl group, a propylcarbam-
oyl group, a butylcarbamoyl group, or a phenylcarbamoyl
group; a carboxylic acid group; a sulfonic acid group; an
imide group; a cycloalkyl group such as a cyclopentane
group or a cyclohexyl group; an aryl group such as a phenyl
group, a naphthyl group, a biphenyl group, an anthranyl
group, a phenanthryl group, a fluorenyl group, or a pyrenyl
group; and a heterocyclic group such as a pyridinyl group,
a pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
a triazinyl group, an indolinyl group, a quinolinyl group, an
acridiny] group, a pyrrolidinyl group, a dioxanyl group, a
piperidinyl group, a morpholidinyl group, a piperazinyl
group, a triathinyl group, a carbazolyl group, a furanyl
group, a thiophenyl group, an oxazolyl group, an oxadiaz-
olyl group, a benzoxazolyl group, a thiazolyl group, a
thiadiazolyl group, a benzothiazolyl group, a triazolyl group,
an imidazolyl group, a benzoimidazolyl group, or a puranyl
group. In addition, the above-mentioned substituents may be
bonded to each other to further form a six-membered aryl
ring or a heterocycle.

[0214] A preferred embodiment of the organic EL device
of the present invention includes a device including a
reducing dopant in the region of electron transport or in the
interfacial region of the cathode and the organic layer.
Herein, the reducing dopant is defined as a substance which
can reduce a compound having an electron transporting
property. Thus, various compounds can be used as the
reducing dopant as long as the compounds have a certain
reducing property. For example, at least one substance
selected from the group consisting of alkali metals, alkaline
earth metals, rare earth metals, oxides of alkali metals,
halides of alkali metals, oxides of alkaline earth metals,
halides of alkaline earth metals, oxides of rare earth metals,
halides of rare earth metals, carbonates of alkali metals,
carbonates of alkaline earth metals, organic complexes of
alkali metals, organic complexes of alkaline earth metals,
and organic complexes of rare earth metals can be suitably
used.

[0215] In addition, more specifically, preferred examples
of the reducing dopant particularly preferably include sub-
stances having a work function of 2.9 eV or less, examples
of which include at least one alkali metal selected from the
group consisting of Na (work function: 2.36 eV), K (work
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function: 2.28 eV), Rb (work function: 2.16 ¢V), and Cs
(work function: 1.95 eV) and at least one alkaline earth
metal selected from the group consisting of Ca (work
function: 2.9 eV), Sr (work function: 2.0 to 2.5 V), and Ba
(work function: 2.52 eV). Of those, at least one alkali metal
selected from the group consisting of K, Rb, and Cs is more
preferred, Rb and Cs are still more preferred, and Cs is most
preferred as the reducing dopant. Those alkali metals have
particularly high reducing ability, and the emission lumi-
nance and the life time of the organic EL device can be
increased by addition of a relatively small amount of any of
the alkali metals into the electron injecting region. As the
reducing dopant having a work function of 2.9 eV or less, a
combination of two or more kinds of the alkali metals 1s also
preferred. In particular, a combination containing Cs such as
the combination of Cs and Na, Cs and K, Cs and Rb, or Cs,
Na, and K is preferred. The reducing ability can be effi-
ciently exhibited by the combination containing Cs. The
emission luminance and the life time of the organic EL
device can be increased by adding the combination into the
electron injecting region.

[0216] The present invention may further include an elec-
tron injecting layer which is formed of an insulating material
or a semiconductor and disposed between the cathode and
the organic layer. In this case, leak of electric current can be
effectively prevented, and the electron injecting property can
be improved. As the insulating material, at least one metal
compound selected from the group consisting of alkali metal
chalcogenides, alkaline earth metal chalcogenides. halides
of alkali metals, and halides of alkaline earth metals is
preferably used. It is preferred that the electron injecting
layer be formed of the alkali metal chalcogenide or the like
because the electron injecting property can be further
improved. Specifically, preferred examples of the alkali
metal chalcogenide include Li,O, K,O, Na,S, Na,Se, and
Na,O. Preferred examples of the alkaline earth metal chal-
cogenide include CaO, BaO, SrO, BeO, BaS, and CaSe. In
addition, preferred examples of the halide of an alkali metal
include LiF, NaF, KF, CsF, LiCl, KC1, and NaCl. In addition,
preferred examples of the halide of an alkaline earth metal
include fluorides such as CaF,, BaF,, SrF,, MgF,, and BeF,
and halides other than the fluorides.

[0217] In addition, examples of the semiconductor form-
ing the electron injecting layer include oxides, nitrides, and
oxide nitrides containing at least one element selected from
Ba, Ca, Sr, Yb, Al, Ga, In, Li, Na, Cd, Mg, Si, Ta, Sb, and
Zn used alone or in combination of two or more kinds. In
addition, it is preferred that the inorganic compound forming
the electron injecting layer form a crystallite or amorphous
insulating thin film. When the electron injecting layer is
formed of the insulating thin film described above, a more
uniform thin film can be formed, and defects of pixels such
as dark spots can be decreased. It should be noted that
examples of the inorganic compound include the alkali
metal chalcogenides, alkaline earth metal chalcogenides,
halides of alkali metals, and halides of alkaline earth metals
described above.

[0218] Subsequently. as the cathode, a cathode using an
electrode material such as a metal, an alloy, a conductive
compound, or a mixture of those materials which has a small
work function (4 eV or less) is used. Specific examples of
the electrode material include sodium, a sodium-potassium
alloy, magnesium, lithium, cesium, a magnesium-silver
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alloy, aluminum/aluminum oxide, Al/Li,O, AVLiO, Al/LiF,
an aluminum-lithium alloy, indium, and rare earth metals.

[0219] The cathode can be prepared by forming a thin film
of the electrode material by a method such as vapor depo-
sition or sputtering.

[0220] Herein, when the light emitted from the light
emitting layer is obtained through the cathode, it is preferred
that the cathode have a transmittance of the emitted light of
more than 10%. Tt is also preferred that the sheet resistivity
of the cathode be several hundred Q/[] or less. Further, the
thickness of the cathode is, in general, in the range of 10 nm
to 1 um or preferably in the range of 50 to 200 nm.

[0221] Further, defects in pixels are, in general, easily
formed in organic EL devices due to leak or short circuit
because an electric field is applied to ultra-thin films. To
prevent the formation of the defects, a layer of a thin film
having an insulating property may be inserted between the
pair of electrodes.

[0222] Examples of a material used for the insulating layer
include aluminum oxide, lithium fluoride, lithium oxide,
cesium fluoride, cesium oxide, magnesium oxide, magne-
sium fluoride, calcium oxide, calcium fluoride, aluminum
nitride, titanium oxide, silicon oxide, germanium oxide,
silicon nitride, boron nitride, molybdenum oxide, ruthenium
oxide, and vanadium oxide. A mixture or laminate of the
materials may also be used.

[0223] Subsequently, the organic EL. device of the present
invention is produced by forming the anode, the light
emitting layer, the hole injecting layer as required, and the
electron injecting layer as required, and finally forming the
cathode from, for example, the above-mentioned materials
according to, for example, the above-mentioned methods.
Alternatively, the organic EL device can be produced by
initially forming the cathode and finally forming the anode,
in other words, by forming the electrodes and the layers in
the order inverse to that described above.

[0224] Hereinafter, an embodiment of preparation of an
organic EL, device having a structure in which an anode, a
hole injecting layer, a light emitting layer, an electron
injecting layer, and a cathode are disposed successively on
a light-transmissive substrate is described.

[0225] First, on a suitable light-transmissive substrate, a
thin film made of a material for the anode is formed in
accordance with the vapor deposition method or the sput-
tering method so that the thickness of the formed thin film
is 1 um or less or preferably in the range of 10 to 200 nm.
The formed thin film is used as the anode. Then, a hole
injecting layer is formed on the anode. The hole injecting
layer can be formed in accordance with the vacuum vapor
deposition method, the spin coating method, the casting
method, or the LB method, as described above. The vacuum
vapor deposition method is preferred because a uniform film
can be easily obtained and the possibility of formation of pin
holes is small. When the hole injecting layer is formed in
accordance with the vacuum vapor deposition method, in
general, it is preferred that the conditions be suitably
selected from the following ranges: the temperature of the
source of the deposition: 50 to 450° C.; the vacuum: 10~ to
107 Torr; the rate of deposition: 0.01 to 50 nm/second; the
temperature of the substrate: =50 to 300° C.; and the
thickness of the film: 5 nm to 5 um although the conditions
of the vacuum vapor deposition are different depending on
the compound to be used (i.e., material for the hole injecting
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layer) and the crystal structure and the recombination struc-
ture of the target hole injecting layer.

[0226] Then, the light emitting layer is formed on the hole
injecting layer formed above. The light emitting layer can be
formed by forming the light emitting material according to
the present invention into a thin film by a method such as the
vacuum vapor deposition method, the sputtering method, the
spin coating method, or the casting method. The vacuum
vapor deposition method is preferred because a uniform film
can be easily obtained and the possibility of formation of pin
holes is small. When the light emitting layer is formed in
accordance with the vacuum vapor deposition method, in
general, the conditions of the vacuum vapor deposition
method can be selected in the same ranges as the conditions
described for the vacuum vapor deposition when forming
the hole injecting layer, although the conditions are different
depending on the compound to be used. The thickness of the
film is preferably in the range of 10 to 40 nm.

[0227] Subsequently. the electron injecting layer is formed
on the light emitting layer formed above. Also in this case,
similarly to the hole injecting layer and the light emitting
layer, it is preferred that the electron injecting layer be
formed in accordance with the vacuum vapor deposition
method because a uniform film must be obtained. The
conditions of the vapor deposition can be selected in the
same ranges as the conditions described for the vacuum
vapor deposition of the hole injecting layer and the light
emitting layer.

[0228] Then, the cathode is laminated in the last step, and
an organic EL device can be obtained. The cathode is formed
of a metal and can be formed in accordance with the vacuum
vapor deposition method or the sputtering method. It is
preferred that the vacuum vapor deposition method be used
in order to prevent formation of damages on the lower
organic layers during the formation of the film.

[0229] In the above-mentioned preparation of the organic
EL device, it is preferred that the above-mentioned layers
from the anode to the cathode be formed successively while
the preparation system is kept in a vacuum after being
evacuated once.

[0230] A method of forming each layer of the organic EL
device of the present invention is not particularly limited. A
forming method based on, for example, a conventionally
known vacuum deposition method or spin coating method
can be employed. The organic thin film layers containing the
compound represented by the general formula (1-1) or (1-2)
used in the organic EL device of the present invention can
each be formed by a known method based on a vacuum
deposition method, a molecular beam epitaxy method (MBE
method), or an application method involving the use of a
solution prepared by dissolving the compound in a solvent
such as a dipping method, a spin coating method, a casting
method, a bar coating method, or a roll coating method.
[0231] The thickness of each organic layer of the organic
EL device of the present invention, which is not particularly
limited, preferably ranges from several nanometers to one
micrometer in ordinary cases in order that a defect such as
a pin hole may be prevented and efficiency may be
improved.

[0232] It should be noted that, when applying a direct
voltage to the organic EL. device, light emission can be
observed in the condition that the polarity of the anode is
positive (+), the polarity of the cathode is negative (-) and
a voltage of 5 to 40 V is applied. In addition, when the
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polarity is reversed, no electric current is observed and no
light is emitted at all. Further, when an alternating voltage is
applied to the organic EL device, a uniform light emission
is observed only in the condition that the polarity of the
anode is positive and the polarity of the cathode is negative.
When an alternating voltage is applied to the organic EL
device, any type of wave shape may be used.

EXAMPLES

[0233] Hereinafter, the present invention is described
more specifically by way of examples. However, the present
invention is not limited to the examples.

Synthesis Examples and Examples of Anthracene
Derivatives Each Having a Phenanthryl Group
when L' does not Represent a Single Bond, and
Comparative Examples
Synthesis of Compound 1

[0234]

[Chem. 50]

1) NaNO,

. o5 fwnmg '
—>
AcOH
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nitric acid (d=1.50) were dropped to the mixture. The
reaction solution was stirred at room temperature for 7
hours. The reaction solution was poured into 5 L of water,
and then the precipitated crystal was separated by filtration
and recovered. The resultant crystal was washed with water
and methanol, and was then dried under reduced pressure.

Thus, 280 g of an orange crystal were obtained (in 74%
yield).

(1-2) Synthesis of
2-amino-9,10-dihydrophenanthrene

[0236] First, 280 g of 2-nitro-9,10-dihydrophenanthrene,
2.0 g of palladium carbon, and 2.5 L of ethanol were loaded,
and then 140 mL of hydrazine monohydrate were added to
the mixture. The reaction solution was stirred for 4 hours
under heating reflux. After having been cooled to room
temperature, the reaction solution was poured into 5 L of
water. Then, the mixture was extracted with 3 L of toluene.
After the water layer had been removed, the organic layer

NHzNHz 'HzO
EtOH

N —b
1 4- Dloxane

B(OiPr)

CO n-BuLi QC
1 >

12
ol

o

Pd(PPh3)4
Na,COsaq
toluene

B(OH),

B(OH),

(1-1) Synthesis of 2-nitro-9,10-dihydrophenanthrene
[0235] First, 300 g of 9,10-dihydrophenanthrene were
dissolved in 2 L of acetic acid, and then 450 mL of fuming

Pd(PPhs)q
Na,COsaq
toluene

was dried with magnesium sulfate. After magnesium sulfate
had been separated by filtration, the solvent was removed by
distillation under reduced pressure. The residue was purified



US 2020/0006664 A1

by silica gel column chromatography. Thus, 220 g of a pale
yellow solid were obtained (in 89% yield).

(1-3) Synthesis of 2-iodo-9,10-dihydrophenanthrene

[0237] Under an argon atmosphere, 220 g of 2-amino-9,
10-dihydrophenanthrene, 3 L of 3N HCl, and 2 L of acetic
acid were added, and then the mixture was stirred for 3 hours
under heat. After having been cooled to room temperature,
the mixture was cooled with ice, and then an aqueous
solution of 91 g of sodium nitrite was dropped to the
mixture. After the resultant mixture had been stirred for 1
hour under ice cooling, an aqueous solution of 660 g of
potassium iodide was added to the mixture. Subsequently, 2
L of dichloromethane were added to the mixture, and then
the whole was stirred at room temperature for 3 hours. After
that, the mixture was extracted with dichloromethane. The
organic layer was repeatedly washed with an aqueous solu-
tion of potassium carbonate, and was then dried with mag-
nesium sulfate. After that, the solvent was removed by
distillation under reduced pressure. The residue was purified
by silica gel column chromatography. Thus, 210 g of a pale
yellow solid were obtained (in 62% yield).

(1-4) Synthesis of 2-iodophenanthrene

[0238] Under an argon atmosphere, 125 g of 2-iodo-9,10-
dihydrophenanthrene, 98 g of 2,3-dichloro-5,6-dicyano-p-
benzoquinone, and 1.2 L of 1,4-dioxane were added, and
then the mixture was stirred for 24 hours under heating
reflux. After having been cooled to room temperature, the
reaction solution was concentrated. The residue was purified
by silica gel column chromatography, and was then washed
with methanol. Thus, 98 g of a white crystal were obtained
(in 68% yield).

(1-5) Synthesis of phenanthrene-2-boronic Acid

[0239] Under an argon atmosphere, 98 g of 2-iodophenan-
threne and 3 L of dehydrated ether were loaded, and then the
reaction solution was cooled to -60° C. After that, 210 mL
of a 1.6-M solution of n-butyllithium in hexane were added
to the reaction solution. The reaction solution was stirred for
1 hour while its temperature was increased to 0° C. The
reaction solution was cooled to -60° C. again, and then a
solution of 151 g of triisopropyl borate in 100 mL of
dehydrated ether was dropped to the reaction solution. The
reaction solution was continuously stirred for 5 hours while
its temperature was increased to room temperature. Subse-
quently, 1 L of a 10% aqueous solution of hydrochloric acid
was added to the reaction solution, and then the mixture was
stirred for 1 hour. The water layer was removed, and the
organic layer was washed with water and a saturated salt
solution, and was then dried with magnesium sulfate. After
magnesium sulfate had been separated by filtration, the
organic layer was concentrated. The resultant solid was
washed with hexane and toluene. Thus, 42 g of phenan-
threne-2-boronic acid as a target were obtained (in 58%
yield).

(1-6) Synthesis of 2-(4-bromophenyl)phenanthrene

[0240] Under an argon atmosphere, 22.2 g of phenan-
threne-2-boronic acid, 28.3 g of 4-bromoiodobenzene, 2.31
g of tetrakis(triphenyl phosphine)palladium (0), 400 mL of
toluene, and 200 mL of a 2-M aqueous solution of sodium
carbonate were loaded, and then the mixture was stirred for
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8 hours under reflux. After having been cooled to room
temperature, the reaction solution was extracted with tolu-
ene. The water layer was removed, and the organic layer was
sequentially washed with water and a saturated salt solution,
and was then dried with magnesium sulfate. After magne-
sium sulfate had been separated by filtration, the organic
layer was concentrated. The residue was purified by silica
gel column chromatography. Thus, 30.3 g of 10-(3-bro-
mophenyl)benzo[c|phenanthrene were obtained (91%).

(1-7) Synthesis of Compound 1

[0241] Under an argon atmosphere, 3.33 g of 2-(4-bro-
mophenyl)phenanthrene, 4.18 g of 10-(2-naphthyl) anthra-
cene-9-boronic acid synthesized by a known method, 0.231
g of tetrakis(triphenylphosphine)palladium (0), 40 mL of
toluene, and 20 mL of a 2-M aqueous solution of sodium
carbonate were loaded, and then the mixture was stirred for
8 hours under reflux. After having been cooled to room
temperature, the reaction solution was extracted with tolu-
ene. The water layer was removed, and the organic layer was
sequentially washed with water and a saturated salt solution,
and was then dried with magnesium sulfate. After magne-
sium sulfate had been separated by filtration, the organic
layer was concentrated. The residue was purified by silica
gel column chromatography. Thus, 4.56 g of a pale yellow
crystal were obtained. Mass spectral analysis confirmed that
the crystal was a target product and had a ratio m/e of 556
with respect to its molecular weight, 1.e., 556.22.

(2) Synthesis of Compound 2

[Chem. 51]

Pd(PPhj)4
Na,COzaq
toluene

Synthesis of Compound 2

[0242] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that 10-(1-naphthyl)
anthracene-9-boronic acid synthesized by a known method
was used instead of 10-(2-naphthyl)anthracene-9-boronic
acid. Mass spectral analysis confirmed that the resultant was
a target product and had a ratio m/e of 556 with respect to
its molecular weight, i.e., 556.22.



US 2020/0006664 A1 Jan. 2, 2020

(3) Synthesis of Compound 3

[Chem. 52]

Pd(PPhsjs
Na,COzaq
toluene

method was used instead of 10-(2-naphthyl)anthracene-9-
boronic acid. Mass spectral analysis confirmed that the
resultant was a target product and had a ratio m/e of 556 with
respect to its molecular weight, i.e., 556.22.

Synthesis of Compound 3

[0243] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that 10-[4-(1-naphthyl)
phenyl]anthracene-9-boronic acid synthesized by a known

(4) Synthesis of Compound 4

[Chem. 53]

Pd(PPh3)4
NayCOzaq

toluene
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Synthesis of Compound 4

[0244] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that 10-[3-(1-naphthyl)
phenyl]anthracene-9-boronic acid synthesized by a known
method was used instead of 10-(2-naphthyl)anthracene-9-
boronic acid. Mass spectral analysis confirmed that the
resultant was a target product and had a ratio m/e of 632 with
respect to its molecular weight, i.e., 632.25.

(5) Synthesis of Compound 5

[Chem. 54]

Jan. 2, 2020

Synthesis of Compound 5

[0245] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that 10-[3-(2-naphthyl)
phenyl]anthracene-9-boronic acid synthesized by a known

[Chem. 55]

Pd(PPhs)y
Na,COzaq
toluene

method was used instead of 10-(2-naphthyl)anthracene-9-
boronic acid. Mass spectral analysis confirmed that the
resultant was a target product and had a ratio m/e of 632 with
respect to its molecular weight, i.e., 632.25.

()
(O~ )
oM

Pd(PPhs)q
Na,COzaq
toluene

(6) Synthesis of Compound 6

B(OH),
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O
OO0
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Synthesis of Compound 6 was used instead of 10-(2-naphthyl)anthracene-9-boronic

[0246] Synthesis was performed in the same manner as in acid. Mass spectral analysis confirmed that the resultant was
the synthesis of Compound 1 except that 10-(2-biphenyl) @ target product and had a ratio m/e of 582 with respect to
anthracene-9-boronic acid synthesized by a known method its molecular weight, i.e., 582.23.

(7) Synthesis of Compound 7

[Chem. 56]
I :
BOH), —m >
Pd(PPh3)s
Na,COzaq
toluene

QQ Q h
Q Q O Pd{PPhs)y
B

Na,CO3aq
T toluene
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Synthesis of Compound 7

(7-1) Synthesis of 2-(3-bromophenyl)phenanthrene

[0247] Synthesis was performed in the same manner as in
the synthesis of 2-(4-bromophenyl)phenanthrene except that
3-bromoiodobenzene was used instead of 4-bromoiodoben-

zene.

[Chem. 57]
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(7-2) Synthesis of Compound 7

[0248] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that 2-(3-bromophenyl)
phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene. Mass spectral analysis confirmed that the
resultant was a target product and had a ratio m/e of 556 with
respect to its molecular weight, i.e., 556.22.

(8) Synthesis of Compound 8

Pd(PPh3)4
Na,COzaq
toluene

W

T
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Synthesis of Compound 8

[0249] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 2-(3-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-(1-naphthyl)anthracene-9-boronic
acid synthesized by a known method was used instead of
10-(2-naphthyl)anthracene-9-boronic acid. Mass spectral
analysis confirmed that the resultant was a target product and
had a ratio m/e of 556 with respect to its molecular weight,
ie., 556.22.

(9) Synthesis of Compound 9

[Chem. 58]
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B(CH),

B

iy

Synthesis of Compound 9

[0250] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 2-(3-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-[4-(1-naphthyl)phenyl]anthracene-9-

Pd(PPh3)y
NayCOsaq
toluene

boronicacid synthesized by a known method was used
instead of 10-(2-naphthyl)anthracene-9-boronic acid. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 632 with respect to its
molecular weight, i.e., 632.25.

(10) Synthesis of Compound 10

[Chem. 59]

Br

QO Q O o

Pd(PPh3)4
Na,COszaq
toluene
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Synthesis of Compound 10

[0251] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 2-(3-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-[4-(2-naphthyl) phenyl]anthracene-9-
boronic acid synthesized by a known method was used
instead of 10-(2-naphthyl)anthracene-9-boronic acid. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 632 with respect to its
molecular weight, i.e., 632.25.

(10) Synthesis of Compound 10

[Chem. 59]
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Synthesis of Compound 11

[0252] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 2-(3-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-[3-(1-naphthyl) phenyl]anthracene-9-
boronic acid synthesized by a known method was used
instead of 10-(2-naphthyl)anthracene-9-boronic acid. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 632 with respect to its
molecular weight, i.e., 632.26.

B(OH),

B

Pd(PPh3)4
Na,COzaq
T toluene
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(12) Synthesis of Compound 12

[Chem. 61]

Na,COzaq
Br toluene

12
Svnthesis of Compound 12 boronic acid synthesized by a known method was used
[0253] Synthesis was performed in the same manner as in instead of l0-(2-naphthyl)anthracene-9-boronic acid. Mass
the synthesis of Compound 1 except that: 2-(3-bromophe- spectral analysis confirmed that the resultant was a target

nyl)phenanthrene was used instead of 2-(4-bromophenyl)  product and had a ratio m/e of 632 with respect to its
phenanthrene; and 10-[3-(2-naphthyl) phenyl]anthracene-9- molecular weight, i.e., 632.25.

(13) Synthesis of Compound 13

[Chem. 62]

oo

Pd(PPhs)y
Na,COzaq
toluene
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Synthesis of Compound 13

[0254] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 2-(3-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-(2-biphenyl) anthracene-9-boronic
acid synthesized by a known method was used instead of
10-(2-naphthyl)anthracene-9-boronic acid. Mass spectral
analysis confirmed that the resultant was a target product and
had a ratio m/e of 582 with respect to its molecular weight,
ie., 582.23.

(14) Synthesis of Compound 14

B(OH),

n-BuLi

—_—

B(OiPr);

Synthesis of Compound 14
(8-1) Synthesis of phenanthrene-3-boronic Acid

[0255] Synthesis was performed in the same manner as in
the synthesis of phenanthrene-2-boronic acid except that
commercially available 3-bromophenanthrene was used
instead of 2-iodophenanthrene.

(8-2) Synthesis of 3-(4-bromophenyl)phenanthrene

[0256] Synthesis was performed in the same manner as in
the synthesis of 2-(4-bromophenyl)phenanthrene except that

Pd(PPh3)y
Na,COzaq
toluene

B(OH),

14

Pd(PPh3)y
NayCOsaq
toluene
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phenanthrene-3-boronic acid was used instead of phenan-
threne-2-boronic acid.

(8-3) Synthesis of Compound 14
[0257] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that 3-(4-bromophenyl)
phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene. Mass spectral analysis confirmed that the
resultant was a target product and had a ratio m/e of 556 with
respect to its molecular weight, i.e., 556.22.

(15) Synthesis of Compound 15

[Chem. 64]

Pd(PPh3)4
Na,COzaq
toluene

Jan. 2, 2020

-continued

Synthesis of Compound 15

[0258] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 3-(4-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-(1-naphthyl) anthracene-9-boronic
acid synthesized by a known method was used instead of
10-(2-naphthyl)anthracene-9-boronic acid. Mass spectral
analysis confirmed that the resultant was a target product and
had a ratio m/e of 556 with respect to its molecular weight,
ie., 556.22.

(16) Synthesis of Compound 16

[Chem. 63]

Pd(PPh3)4
Na,COzaq
toluene
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Synthesis of Compound 16

[0259] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 3-(4-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-[4-(1-naphthyl) phenyl]anthracene-9-
boronic acid synthesized by a known method was used
instead of 10-(2-naphthyl)anthracene-9-boronic acid. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 632 with respect to its
molecular weight, i.e., 632.25.

(17) Synthesis of Compound 17

[Cherm. 66]
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Svnthesis of Compound 17

[0260] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 3-(4-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-[3-(1-naphthyl) phenyl]anthracene-9-

[Chem. 67]

Bri

Pd(PPh3)q
Na,COsaq
toluene

boronic acid synthesized by a known method was used
instead of 10-(2-naphthyl)anthracene-9-boronic acid. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 632 with respect to its

molecular weight, i.e., 632.25.
(18) Synthesis of Compound 18
O B‘OH)Z

Pd(PPhs)y
Na,COzaq
toluene



US 2020/0006664 A1

-continued

Synthesis of Compound 18

[0261] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 3-(4-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-[3-(2-naphthyl)phenyl]anthracene-9-
boronic acid synthesized by a known method was used
instead of 10-(2-naphthyl)anthracene-9-boronic acid. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 632 with respect to its
molecular weight, i.e., 632.25.

(19) Synthesis of Compound 19

O B(OH),

[Chem. 68]

&
(OO

Pd(PPh3)4
Na,COszaq
toluene

Synthesis of Compound 19

[0262] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 3-(4-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-(2-biphenyl) anthracene-9-boronic
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acid synthesized by a known method was used instead of
10-(2-naphthyl)anthracene-9-boronic acid. Mass spectral
analysis confirmed that the resultant was a target product and
had a ratio m/e of 582 with respect to its molecular weight,
ie., 582.23.

(20) Synthesis of Compound 20

I
B(OH),
Br

Pd(PPh3)y
Na,COzaq
toluene

[Chem. 69]

e

g QO
O Pd(PPh3)y
N2,CO3aq
toluene

Synthesis of Compound 20
(9-1) Synthesis of 3-(3-bromophenyl)phenanthrene

[0263] Synthesis was performed in the same manner as in
the synthesis of 2-(4-bromophenyl)phenanthrene except
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that: phenanthrene-3-boronic acid was used instead of
phenanthrene-2-boronic acid; and 3-bromoiodobenzene was
used instead of 4-bromoiodobenzene.

(9-2) Synthesis of Compound 20

[0264] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 3-(3-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-(1-naphthyl) anthracene-9-boronic
acid synthesized by a known method was used instead of
10-(2-naphthyl)anthracene-9-boronic acid. Mass spectral
analysis confirmed that the resultant was a target product and
had a ratio m/e of 556 with respect to its molecular weight,
ie., 556.22.

(21) Synthesis of Compound 21

[Chem. 70]

i O O
'O O s ]
Na,COzaq
Q toluene
[Chem. 71]
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Synthesis of Compound 21

[0265]
the synthesis of Compound 1 except that: 3-(3-bromophe-

Synthesis was performed in the same manner as in

nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-(1-naphthyl)anthracene-9-boronic
acid synthesized by a known method was used instead of
10-(2-naphthyl)anthracene-9-boronic acid. Mass spectral
analysis confirmed that the resultant was a target product and
had a ratio m/e of 556 with respect to its molecular weight,
ie., 556.22.

(22) Synthesis of Compound 22

Br B(CH),

Pd(PPhs),

NaCOsaq
toluene
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Synthesis of Compound 22

[0266] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 3-(3-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-[4-(1-naphthyl) phenyl]anthracene-9-
boronic acid synthesized by a known method was used
instead of 10-(2-naphthyl)anthracene-9-boronic acid. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 632 with respect to its
molecular weight, i.e., 632.25.

(23) Synthesis of Compound 23

[Chem. 72]

Pd(PPhs),
Na,COszag
toluene
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Svnthesis of Compound 23

[0267] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 3-(3-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-[4-(2-naphthyl)phenyl]anthracene-9-

[Chem. 73]

BI

23

boronic acid synthesized by a known method was used
instead of 10-(2-naphthyl)anthracene-9-boronic acid. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 632 with respect to its

molecular weight, i.e., 632.25.
(24) Synthesis of Compound 24
Pd(PPhj),

NayCOsaq
toluene

B(OH),
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24

Synthesis of Compound 24

[0268] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 3-(3-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-[3-(1-naphthyl)phenyl]anthracene-9-

[Chem. 74]

boronic acid synthesized by a known method was used
instead of 10-(2-naphthyl)anthracene-9-boronic acid. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 632 with respect to its
molecular weight, i.e., 632.25.

(25) Synthesis of Compound 25

Pd(PPh3)s
Na,COsaq
toluene

25
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Synthesis of Compound 25

[0269] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 3-(3-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-[3-(2-naphthyl) phenyl]anthracene-9-
boronic acid synthesized by a known method was used
instead of 10-(2-naphthyl)anthracene-9-boronic acid. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 632 with respect to its
molecular weight, i.e., 632.25.

(26) Synthesis of Compound 26

@,
)

Pd(PPhs)s
NayCO3aq
toluene

[Chem. 75]

-G
O

[Chem. 76]

NO,
1 A-dioxane
HZO/DMSO #

n -BuLi
B(OlPr)3
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Synthesis of Compound 26

[0270] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 3-(3-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-(2-biphenyl)anthracene-9-boronic
acid synthesized by a known method was used instead of
10-(2-naphthyl)anthracene-9-boronic acid. Mass spectral
analysis confirmed that the resultant was a target product and
had a ratio m/e of 582 with respect to its molecular weight,
ie., 582.23.

(27) Synthesis of Compound 27

NHZNH,

EtOH

NaNO,
—_—
H;PO,

B(OH),
Br
Pd(PPh3)s

Na,COjaq
toluene
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B(OH),

Svnthesis of Compound 27

(10-1) Synthesis of 2-nitrophenanthrene

[0271] Under an argon atmosphere, 225 g of 2-nitro-9,10-
dihydrophenanthrene, 227 g of 2,3-dichloro-5,6-dicyano-p-
benzoquinone, and 2.4 L of 1,4-dioxane were added, and
then the mixture was stirred for 24 hours under heating
reflux. After having been cooled to room temperature, the
reaction solution was concentrated. The residue was purified
by silica gel column chromatography, and was then washed
with methanol. Thus, 134 g of a white crystal were obtained
(in 60% yield).

(10-2) Synthesis of 2-aminophenanthrene

[0272] First, 134 g of 2-nitrophenanthrene, 1.00 g of
palladium carbon, and 1.2 L of ethanol were loaded, and
then 70 mL of hydrazine monohydrate were added to the
mixture. The reaction solution was stirred for 4 hours under
heating reflux. After having been cooled to room tempera-
ture, the reaction solution was poured into 3 L of water.
Then, the mixture was extracted with 2 L of toluene. After
the water layer had been removed, the organic layer was
dried with magnesium sulfate. After magnesium sulfate had
been separated by filtration, the solvent was removed by
distillation under reduced pressure. The residue was purified
by silica gel column chromatography. Thus, 100 g of a pale
yellow solid were obtained (in 86% yield).

(10-3) Synthesis of 2-amino-1-bromophenanthrene

[0273] First, 100 g of 2-aminophenanthrene were dis-
solved in 750 mL of N,N-dimethyl sulfoxide, and then 83 g
of 48% hydrobromic acid were dropped to the solution over
4 hours while the solution was stirred at room temperature.
The mixture was continuously stirred at room temperature
for 20 hours, and was then stirred at 100° C. for 1 hour under
heat. After having been cooled to room temperature, the

Pd(PPh3)y
Na,COszaq
toluene

reaction solution was poured into 3 L of water. After the
mixed solution had been neutralized with ammonia water,
the crystal was obtained through separation by filtration. The
resultant solid was recrystallized with ethanol and water.
Thus, 126 g of a colorless crystal were obtained (in 90%
yield).

(10-4) Synthesis of 1-bromophenanthrene

[0274] First, 120 g of 2-amino-1-bromophenanthrene
were dissolved in 750 mL of THF, and then 4.5 L of
concentrated hydrochloric acid and 1.5 L of water were
added to the solution. The reaction solution was cooled with
ice, and then a solution of 45 g of sodium nitrite in 230 mL
of water was dropped to the solution. After the mixture had
been stirred for 1 hour under ice cooling, 2.25 L of a 50%
aqueous solution of phosphinic acid were added to the
mixture. The reaction solution was stirred for 30 minutes
under ice cooling, and was then continuously stirred at room
temperature for 17 hours. Subsequently, 10 L of water were
added to the solution, and a solid was obtained through
separation by filtration. The resultant solid was purified by
silica gel column chromatography. Thus, 75 g of 1-bro-
mophenanthrene were obtained (in 66% yield).

(10-5) Synthesis of phenanthrene-1-boronic Acid

[0275] Synthesis was performed in the same manner as in
the synthesis of phenanthrene-2-boronic acid except that
1-bromophenanthrene was used instead of 2-iodophenan-
threne.

(10-6) Synthesis of 1-(4-bromophenyl)phenanthrene

[0276] Synthesis was performed in the same manner as in
the synthesis of 2-(4-bromophenyl)phenanthrene except that
phenanthrene-1-boronic acid was used instead of phenan-
threne-2-boronic acid.
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(10-7) Synthesis of Compound 27 -continued

[0277] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that 1-(4-bromophenyl)
phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene. Mass spectral analysis confirmed that the
resultant was a target product and had a ratio m/e of 556 with
respect to its molecular weight, i.e., 556.22.

28

(28) Synthesis of Compound 28

[Chem. 77]

C Q O B(OH), Synthesis of Compound 28
O [0278] Synthesis was performed in the same manner as in
Q O the synthesis of Compound 1 except that: 1-(4-bromophe-
Br

nyl)phenanthrene was used instead of 2-(4-bromophenyl)

Pd(PPhs), phenanthrene; and 10-(1-naphthyl) anthracene-9-boronic
NaxCOzaq acid synthesized by a known method was used instead of
foluene 10-(2-naphthyl)anthracene-9-boronic acid. Mass spectral
analysis confirmed that the resultant was a target product and
had a ratio m/e of 556 with respect to its molecular weight,
ie., 556.22.
(29) Synthesis of Compound 29
[Chem. 78]
\
/\ O y O O
Pd(PPh)y
— NayCOsaq
toluene

29
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Synthesis of Compound 29

[0279] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 1-(4-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-[4-(1-naphthyl) phenyl]anthracene-9-
boronic acid synthesized by a known method was used
instead of 10-(2-naphthyl)anthracene-9-boronic acid. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 632 with respect to its
molecular weight, i.e., 632.25.
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(30) Synthesis of Compound 30

[Chem. 79]

B(OH),

Pd(PPhj)y
Na,COzaq
toluene

Synthesis of Compound 30

[0280] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 1-(4-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-[3-(1-naphthyl) phenyl]anthracene-9-

[Chem. 80]

boronic acid synthesized by a known method was used
instead of 10-(2-naphthyl)anthracene-9-boronic acid. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 632 with respect to its
molecular weight. i.e., 632.25.

(31) Synthesis of Compound 31

Pd(PPhs)y
Na,COsaq
toluene
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Svnthesis of Compound 31

[0281] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 1-(4-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-[3-(2-naphthyl)phenyl]anthracene-9-
boronic acid synthesized by a known method was used
instead of 10-(2-naphthyl)anthracene-9-boronic acid. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 632 with respect to its
molecular weight, i.e., 632.25.

(32) Synthesis of Compound 32

ﬁ—B(O}I),

Pd(PPh3)y
Na,COzaq
teluene

[Chem. 81]

Ro.

AN
=
\

\
)=
\_/

9

Synthesis of Compound 32

[0282] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 1-(4-bromophe-
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nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-(2-biphenyl) anthracene-9-boronic
acid synthesized by a known method was used instead of
10-(2-naphthyl)anthracene-9-boronic acid. Mass spectral
analysis confirmed that the resultant was a target product and
had a ratio m/e of 582 with respect to its molecular weight,
ie., 582.23.

(33) Synthesis of Compound 33

[Chem. 82]

Bom, __ Br
Pd(PPhy),

Na,COsaq
toluene

C
Pd(PPh3)4 >

Na,COsaq
toluene
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Synthesis of Compound 33

(33-1) Synthesis of 3-(3-bromophenyl)phenanthrene

[0283] Synthesis was performed in the same manner as in
the synthesis of 2-(4-bromophenyl)phenanthrene except
that: phenanthrene-1-boronic acid was used instead of
phenanthrene-2-boronic acid; and 3-bromoiodobenzene was
used instead of 4-bromoiodobenzene.

(33-2) Synthesis of Compound 33

[0284] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 1-(3-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-(1-naphthyl) anthracene-9-boronic
acid synthesized by a known method was used instead of
10-(2-naphthyl)anthracene-9-boronic acid. Mass spectral
analysis confirmed that the resultant was a target product and
had a ratio m/e of 556 with respect to its molecular weight,
ie., 556.22.

(34) Synthesis of Compound 34

[Chem. 83]
C@ BOaUat

Pd(PPh3)s
Na,COzaq
toluene

[Chem. 84]
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-continued

Synthesis of Compound 34

[0285]
the synthesis of Compound 1 except that: 1-(3-bromophe-

Synthesis was performed in the same manner as in

nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-(1-naphthyl)anthracene-9-boronic
acid synthesized by a known method was used instead of
10-(2-naphthyl)anthracene-9-boronic acid. Mass spectral
analysis confirmed that the resultant was a target product and
had a ratio m/e of 556 with respect to its molecular weight,

Le., 556.22.

(35) Synthesis of Compound 35

B(OH),

Br
Pd(PPh3)y
NayCOzaq
toluene
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Synthesis of Compound 35

[0286] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 1-(3-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-[4-(1-naphthyl) phenyl]anthracene-9-
boronic acid synthesized by a known method was used
instead of 10-(2-naphthyl)anthracene-9-boronic acid. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 632 with respect to its
molecular weight, i.e., 632.25.

(36) Synthesis of Compound 36

[Chem. 85]

Jan. 2, 2020

QO O ' .

r

Pd(PPh3)4
Na,COszaq
toluene

Synthesis of Compound 36

[0287] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 1-(3-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-[4-(2-naphthyl)phenyl]anthracene-9-

boronic acid synthesized by a known method was used
instead of 10-(2-naphthyl)anthracene-9-boronic acid. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 632 with respect to its
molecular weight, i.e., 632.25.

(37) Synthesis of Compound 37

[Chem. 86]

h

r

toluene

Pd(PPh3)y
NayCOzaq
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-continued

37
Synthesis of Compound 37 boronic acid synthesized by a known method was used
[0288] Synthesis was performed in the same manner as in instead of 10-(2-naphthyl)anthracene-9-boronic acid. Mass
the synthesis of Compound 1 except that: 1-(3-bromophe- spectral analysis confirmed that the resultant was a target

nyl)phenanthrene was used instead of 2-(4-bromophenyl) product and had a ratio m/e of 632 with respect to its
phenanthrene; and 10-[3-(1-naphthyl) phenyl]anthracene-9- molecular weight, i.e., 632.25.

(38) Synthesis of Compound 38

[Chem. 87]

B(OH),

Pd(PPh;)4
Na,COzaq

toluene
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Synthesis of Compound 38

[0289] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 1-(3-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-[3-(2-naphthyl)phenyl]anthracene-9-
boronic acid synthesized by a known method was used
instead of 10-(2-naphthyl)anthracene-9-boronic acid. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 632 with respect to its
molecular weight, i.e., 632.25.

(39) Synthesis of Compound 39

Jan. 2, 2020

-continued
39

Synthesis of Compound 39

[0290] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 1-(3-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene; and 10-(2-biphenyl) anthracene-9-boronic
acid synthesized by a known method was used instead of
10-(2-naphthyl)anthracene-9-boronic acid. Mass spectral
analysis confirmed that the resultant was a target product and
had a ratio m/e of 582 with respect to its molecular weight,
ie., 582.23.

(40) Synthesis of Compound 40

[Chem. 88]
B<0H>2
’_‘ Pd(PPh3)4
Na,COsaq
toluene
[Chem. 89]

Pd(PPh3)4
Na,COzaq
toluene

Pd(PPh3)4
Nay,COsaq
toluene
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Synthesis of Compound 40
(40-1) Synthesis of
2-(6-bromonaphthalene-2-yl)phenanthrene

[0291] Synthesis was performed in the same manner as in
the synthesis of 2-(4-bromophenyl)phenanthrene except that
2,6-dibromo naphthalene was used instead of 4-bromoiodo-
benzene.

[Chem. 90]

[Chem. 91]

OQ Br

Jan. 2, 2020

(40-2) Synthesis of Compound 40

[0292] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that 2-(6-bromonaph-
thalene-2-yl)phenanthrene was used instead of 2-(4-bro-
mophenyl)phenanthrene. Mass spectral analysis confirmed
that the resultant was a target product and had a ratio m/e of
606 with respect to its molecular weight, i.e., 606.23.

(41) Synthesis of Compound 41

B(OH),

Pd(PPhg)y
Na,COsaq
toluene

Svynthesis of Compound 41

[0293] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 2-(6-bromonaph-
thalene-2-yl)phenanthrene was used instead of 2-(4-bro-
mophenyl)phenanthrene; and 10-(1-naphthyl)anthracene-9-
boronic acid synthesized by a known method was used
instead of 10-(2-naphthyl)anthracene-9-boronic acid. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 606 with respect to its
molecular weight, i.e., 606.23.

(42) Synthesis of Compound 42

Pd(PPhy),

O Q OQ Br -

Na,COsaq
toluene



US 2020/0006664 A1

-continued

Jan. 2, 2020

Synthesis of Compound 42

[0294] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 2-(6-bromonaph-
thalene-2-yl)phenanthrene was used instead of 2-(4-bro-
mophenyl)phenanthrene; and 10-[3-(1-naphthyl)phenyl]an-
thracene-9-boronic acid synthesized by a known method
was used instead of 10-(2-naphthyl)anthracene-9-boronic
acid. Mass spectral analysis confirmed that the resultant was
a target product and had a ratio m/e of 682 with respect to
its molecular weight, i.e., 682.27.

Synthesis of Compound 43

[0295] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 2-(6-bromonaph-
thalene-2-yl)phenanthrene was used instead of 2-(4-bro-
mophenyl)phenanthrene; and 10-[3-(2-naphthyl)phenyl]an-
thracene-9-boronic acid synthesized by a known method
was used instead of 10-(2-naphthyl)anthracene-9-boronic
acid. Mass spectral analysis confirmed that the resultant was
a target product and had a ratio m/e of 682 with respect to
its molecular weight, i.e., 682.27.

(43) Synthesis of Compound 43

[Chem. 92]

Q O OQ Br

Pd(PPh3)4
Na,COzaq
toluene
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(44) Synthesis of Compound 44
[Chem. 93]
o o
O B0 Pd(PPhs)s
NayCOszaq
toluene

O B(OH),
Q OQ Br

Pd(PPhs)y
Na,COszaq

toluene
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Synthesis of Compound 44

(44-1) Synthesis of
3-(6-bromonaphthalene-2-yl)phenanthrene
[0296] Synthesis was performed in the same manner as in
the synthesis of 2-(4-bromophenyl)phenanthrene except
that: phenanthrene-3-boronic acid was used instead of
phenanthrene-2-boronic acid; and 2,6-dibromonaphthalene
was used instead of 4-bromoiodobenzene.

[Cherm. 94]

O h
Q OQ Br Q O

(44-2) Synthesis of Compound 44

[0297] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 3-(6-bromonaph-
thalene-2-yl)phenanthrene was used instead of 2-(4-bro-
mophenyl)phenanthrene. Mass spectral analysis confirmed
that the resultant was a target product and had a ratio m/e of
606 with respect to its molecular weight, i.e., 606.23.

(45) Synthesis of Compound 45

Pd(PPh3)y
NayCOzaq
toluene
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Svynthesis of Compound 45

[0298] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 3-(6-bromonaph-
thalene-2-yl)phenanthrene was used instead of 2-(4-bro-
mophenyl)phenanthrene; and 10-(1-naphthyl)anthracene-9-
boronic acid synthesized by a known method was used
instead of 10-(2-naphthyl)anthracene-9-boronic acid. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 606 with respect to its
molecular weight, i.e., 606.23.

(46) Synthesis of Compound 46

[Chem. 95]

Synthesis of Compound 46

[0299] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 3-(6-bromonaph-
thalene-2-yl)phenanthrene was used instead of 2-(4-bro-
mophenyl)phenanthrene; and 10-[3-(1-naphthyl)phenyl]jan-
thracene-9-boronic acid synthesized by a known method
was used instead of 10-(2-naphthyl)anthracene-9-boronic
acid. Mass spectral analysis confirmed that the resultant was
a target product and had a ratio m/e of 682 with respect to
its molecular weight, i.e., 682.27.

Q OQ Br

Pd(PPhy)s

Na,COsaq

toluene
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(47) Synthesis of Compound 47

[Chem. 96]

Jan. 2, 2020

B(OH),

Svnthesis of Compound 47

[0300] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 3-(6-bromonaph-
thalene-2-yl)phenanthrene was used instead of 2-(4-bro-
mophenyl)phenanthrene; and 10-[3-(2-naphthyl)phenyl]an-

[Chem. 97]

OQ Br

Pd(PPhs)y
Na,COzaq

toluene

thracene-9-boronic acid synthesized by a known method
was used instead of 10-(2-naphthyl)anthracene-9-boronic
acid. Mass spectral analysis confirmed that the resultant was
a target product and had a ratio m/e of 682 with respect to
its molecular weight, i.e., 682.27.

(48) Synthesis of Compound 48

Pd(PPhy)y

NapCOsaq
toluene
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B(OH),

Bay

48

Synthesis of Compound 48

(48-1) Synthesis of
1-(6-bromonaphthalene-2-yl)phenanthrene
[0301] Synthesis was performed in the same manner as in
the synthesis of 2-(4-bromophenyl)phenanthrene except
that: phenanthrene-1-boronic acid was used instead of
phenanthrene-2-boronic acid; and 2,6-dibromonaphthalene
was used instead of 4-bromoiodobenzene.

[Chem. 98]

Bay

Pd(PPhs)y
NayCOsaq
toluene

(48-2) Synthesis of Compound 48

[0302] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 1-(6-bromonaph-
thalene-2-yl)phenanthrene was used instead of 2-(4-bro-
mophenyl)phenanthrene. Mass spectral analysis confirmed
that the resultant was a target product and had a ratio m/e of
606 with respect to its molecular weight, i.e., 606.23.

(49) Synthesis of Compound 49

h

Pd(PPhs)4
NayCOsaq
toluene
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Svnthesis of Compound 49

[0303] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 1-(6-bromonaph-
thalene-2-yl)phenanthrene was used instead of 2-(4-bro-
mophenyl)phenanthrene; and 10-(1-naphthyl)anthracene-9-
boronic acid synthesized by a known method was used
instead of 10-(2-naphthyl)anthracene-9-boronic acid. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 606 with respect to its
molecular weight, i.e., 606.23.

(50) Synthesis of Compound 50

[Cherm. 99]

Synthesis of Compound 50

[0304] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 1-(6-bromonaph-
thalene-2-yl)phenanthrene was used instead of 2-(4-bro-
mophenyl)phenanthrene; and 10-[3-(1-naphthyl)phenyl]jan-
thracene-9-boronic acid synthesized by a known method
was used instead of 10-(2-naphthyl)anthracene-9-boronic
acid. Mass spectral analysis confirmed that the resultant was
a target product and had a ratio m/e of 682 with respect to
its molecular weight, i.e., 682.27.

B(OH),

Pd(PPhs)y
NagCOgaq
toluene
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(51) Synthesis of Compound 51

[Chem. 100]
ﬁm
Q Q Pd(PPh3)4
Na,COzaq
toluene

51

(52) Synthesis of Compound 52

[Chem. 101]
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n-BuLi
B(0iPr);

Pd(PPh3)y
NayCOzaq
toluene

52
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Synthesis of Compound 51

[0305] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 1-(6-bromonaph-
thalene-2-yl)phenanthrene was used instead of 2-(4-bro-
mophenyl)phenanthrene; and 10-[3-(2-naphthyl)phenyl]an-
thracene-9-boronic acid synthesized by a known method
was used instead of 10-(2-naphthyl)anthracene-9-boronic
acid. Mass spectral analysis confirmed that the resultant was
a target product and had a ratio m/e of 682 with respect to
its molecular weight, i.e., 682.27.

Synthesis of Compound 52

(52-1) Synthesis of
2-[3-(2-naphthyl)benzoyl]benzoic Acid

[0306] Under an argon atmosphere, 132 g of magnesium
were dispersed in 500 mL of ether. A solution of 142 g of
2-(3-bromophenyl)naphthalene in 500 mL of ether was
added to the dispersion, and then the mixture was stirred at
room temperature for 1 hour. A solution of 74 g of phthalic
anhydride in 150 mL of benzene was added to the mixture,
and then the resultant reaction solution was stirred for 3
hours under reflux. After having been cooled to room
temperature, the reaction solution was poured into ice water,
and then 1 L of 10% hydrochloric acid was added to the
mixture. The organic layer was separated and extracted with
an aqueous solution of potassium carbonate. The alkaline
extract was acidified, and then the resultant solid was
washed with boiling water. The resultant crude product was
recrystallized with acetic acid. Thus, 121 g of 2-(3-phenyl-
benzoyl)benzoic acid were obtained (in 69% yield).

(52-2) Synthesis of 2-[3-(2-naphthyl)benzyl|benzoic
Acid

[0307] First, 121 g of 2-[3-(2-naphthyl)benzoyl]benzoic
acid were dissolved in 10 L of a IN sodium hydroxide
solution, and then a zinc powder activated with an aqueous
solution of copper sulfate was added to the solution. The
reaction solution was stirred for 50 hours under reflux. After
having been cooled to room temperature, the reaction solu-
tion was filtrated. The filtrate was acidified, and then the
resultant solid was washed with boiling water. Thus, 110 g
of 2-[3-(2-naphthyl)benzyl]benzoic acid were obtained (in
90% yield).

(52-3) Synthesis of 2-(2-naphthyl)-10-anthrone

[0308] First, 11.7 g of 2-[3-(2-naphthyl)benzyl]benzoic
acid were added to 250 mL of liquid hydrogen fluoride, and
then the mixture was stirred until hydrogen fluoride evapo-
rated. The residue was dissolved in chloroform, and then the
solution was sequentially washed with water, an aqueous
solution of ammonium hydroxide, and water. After the
chloroform solution had been dried with magnesium sulfate,
the solvent was removed by distillation under reduced
pressure. The residue was crystallized with methanol, and
was then recrystallized with cyclohexane and acetone. Thus,
6.76 g of 2-phenyl-10-anthrone were obtained (in 61%
vield).

(52-4) Synthesis of 2,10-di(2-naphthyl)anthracene

[0309] Under an argon atmosphere, a solution of 4.81 g of
2-bromonaphthalene in 30 mL of THF was cooled to -78°
C. Subsequently, 25 mL of a 1.6-M solution of n-butyl-
lithium in hexane were dropped to the solution, and then the
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mixture was stirred at =78° C. for 1 hour. A solution of 6.76
g of 2-(2-naphthyl)-10-anthrone in 20 mL of THF was added
to the mixture, and then the resultant reaction solution was
stirred for 5 hours at 50° C. under heat. After the reaction
solution had been cooled to room temperature, 100 mL of
10% hydrochloric acid were added to the solution. After the
water layer had been removed, the organic layer was washed
with water and a saturated salt solution. Then, the organic
layer was dried with magnesium sulfate. The solvent was
removed by distillation under reduced pressure, and then the
residue was purified by silica gel column chromatography.
Thus, 2.90 g of 2,10-di(2-naphthyl)anthracene were
obtained (in 32% yield).

(52-5) Synthesis of

9-bromo-2,10-di(2-naphthyl)anthracene
[0310] First, 2.90 g of 2-phenyl-10-(6-phenylnaphthalen-
2-yl) anthracene were dissolved in 30 mL of DMF, and then
a solution of 1.32 g of N-bromosuccinimide in 10 mL of
DMF was added to the solution. The mixture was stirred at
60° C. for 5 hours under heat. After having been cooled to
room temperature, the reaction solution was poured into 100
mL of water. The precipitated crystal was separated by
filtration, and was then sequentially washed with methanol,
water, and methanol. After that, the crystal was purified by
silica gel column chromatography. Thus, 3.09 g of 9-bromo-
2,10-di(2-naphthyl) anthracene were obtained (in 90%
yield).

(52-6) Synthesis of
2,10-di(2-naphthyl)anthracene-9-boronic Acid

[0311] Under an argon atmosphere, 10.2 g of 9-bromo-2,
10-di(2-naphthyl)anthracene, 100 mL of dehydrated ether,
and 100 mL of dehydrated toluene were loaded, and then the
reaction solution was cooled to —60° C. After that, 14 mL of
a 1.6-M solution of n-butyllithium in hexane were added to
the reaction solution. The reaction solution was stirred for 1
hour while its temperature was increased to 0° C. The
reaction solution was cooled to -60° C. again, and then a
solution of 11.3 g of triisopropyl borate in 10 mL of
dehydrated ether was dropped to the reaction solution. The
reaction solution was continuously stirred for 5 hours while
its temperature was increased to room temperature. Subse-
quently, 1 L of a 10% aqueous solution of hydrochloric acid
was added to the reaction solution, and then the mixture was
stirred for 1 hour. The water layer was removed, and the
organic layer was washed with water and a saturated salt
solution, and was then dried with magnesium sulfate. After
magnesium sulfate had been separated by filtration, the
organic layer was concentrated. The resultant solid was
washed with hexane and toluene. Thus, 5.69 g of 2,10-di
(2-naphthyl)anthracene-9-boronic acid as a target were
obtained (in 60% yield).

(52-7) Synthesis of Compound 52

[0312] Under an argon atmosphere, 5.21 g of 2,10-di(2-
naphthyl) anthracene-9-boronic acid, 3.33 g of 2-(4-bro-
mophenyl)phenanthrene, 0.231 g of tetrakis(triphenylphos-
phine)palladium(0), 40 mL of toluene, and 20 mL of a 2-M
aqueous solution of sodium carbonate were loaded, and then
the mixture was stirred for 8 hours under reflux. After the
mixture had been cooled to room temperature, the precipi-
tated crystal was separated by filtration. The resultant crystal
was washed with methanol, water, and methanol, and was
then recrystallized with toluene. Thus, 5.59 g of a pale
yellow crystal were obtained. Mass spectral analysis con-
firmed that the crystal was a target product and had a ratio
m/e of 682 with respect to its molecular weight, i.e., 682.27.
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(53) Synthesis of Compound 53

[Chem. 102]

B(OH),

Pd(PPhz)4
Na,COszaq
toluene
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O Br
QO Q h

Pd(PPh3)4
Na,COszaq
toluene

Svnthesis of Compound 53

(53-1) Synthesis of 2,6-diphenylanthracene

[0313] Under an argon atmosphere, 29.0 g of phenylbo-
ronic acid, 25.7 g of 2,6-dibromoanthracene, 4.62 g of
tetrakis(triphenyl phosphine)palladium (0), 800 mL of tolu-
ene, and 400 mL of a 2-M aqueous solution of sodium
carbonate were loaded, and then the mixture was stirred for
8 hours under reflux. After the mixture had been cooled to
room temperature, the precipitated crystal was taken by
filtration. The resultant solid was repeatedly recrystallized
with toluene and hexane and washed. Thus, 25.0 g of
2-phenylanthracene were obtained (in 75% yield).

(53-2) Synthesis of
9-bromo-2,6-diphenylanthracene

[0314] First, 33.0 g of 2,6-diphenylanthracene were dis-
solved in 200 mL of N,N-dimethylformamide under heat,
and then a solution of 18.0 g of N-bromosuccinimide in 20
mL of N,N-dimethylformamide was added to the solution.
The mixture was stirred at 60° C. for 6 hours under heat.
After having been cooled to room temperature, the reaction
solution was poured into 1 L of water. The resultant solid
was sequentially washed with methanol, water, and metha-
nol. After that, the solid was repeatedly recrystallized with

toluene and hexane and washed. Thus, 33.5 g of 9-bromo-
2,6-diphenylanthracene were obtained (in 82% yield).

(53-3) Synthesis of
2,6-diphenyl-9-(2-naphthyl)anthracene

[0315] Under an argon atmosphere, 20.5 g of 9-bromo-2,
6-diphenyl anthracene, 9.37 g of naphthalene-2-boronic
acid, 1.16 g of tetrakis(triphenylphosphine)palladium(0),
200 mL of toluene, and 100 mL of a 2-M aqueous solution
of sodium carbonate were loaded, and then the mixture was
stirred for 8 hours under reflux. After the mixture had been
cooled to room temperature, the precipitated crystal was
separated by filtration. The resultant crystal was washed
with methanol, water, and methanol, and was then recrys-
tallized with toluene. Thus, 17.1 g of a yellow crystal were
obtained (in 75% yield).

(53-4) Synthesis of 9-bromo-2,6-diphenyl-10-(2-
naphthyl)anthracene

[0316] First, 9.09 g of 2,6-diphenyl-9-(2-naphthyl)anthra-
cene were dissolved in 100 mL of N.N-dimethylformamide
under heat, and then a solution of 3.91 g of N-bromosuc-
cinimide in 10 mL of N,N-dimethylformamide was added to
the solution. The mixture was stirred at 60° C. for 6 hours
under heat. After having been cooled to room temperature,
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the reaction solution was poured into 500 mL of water. The
resultant solid was sequentially washed with methanol,
water, and methanol. After that, the solid was repeatedly
recrystallized with toluene and hexane and washed. Thus,
8.55 g of 9-bromo-2,6-diphenyl-10-(2-naphthyl)anthracene
were obtained (in 80% yield).

(53-5) Synthesis of 2,6-diphenyl-10-(2-naphthyl)
anthracene-9-boronic Acid

[0317] Under an argon atmosphere, 10.7 g of 9-bromo-2,
6-diphenyl-10-(2-naphthyl)anthracene, 100 ml of dehy-
drated ether, and 100 mL of dehydrated toluene were loaded,
and then the reaction solution was cooled to -60° C. After
that, 14 mL of a 1.6-M solution of n-butyllithium in hexane
were added to the reaction solution. The reaction solution
was stirred for 1 hour while its temperature was increased to
0° C. The reaction solution was cooled to -60° C. again, and
then a solution of 11.3 g of triisopropyl borate in 10 mL of
dehydrated ether was dropped to the reaction solution. The
reaction solution was continuously stirred for 5 hours while
its temperature was increased to room temperature. Subse-
quently, 1 L of a 10% aqueous solution of hydrochloric acid
was added to the reaction solution, and then the mixture was

[Chem. 103]

(HO),B
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stirred for 1 hour. The water layer was removed, and the
organic layer was washed with water and a saturated salt
solution, and was then dried with magnesium sulfate. After
magnesium sulfate had been separated by filtration, the
organic layer was concentrated. The resultant solid was
washed with hexane and toluene. Thus, 6.00 g of 2,6-
diphenyl-10-(2-naphthyl)anthracene-9-boronic acid as a tar-
get were obtained (in 60% yield).

(53-6) Synthesis of Compound 53

[0318] Under an argon atmosphere, 5.00 g of 2,6-diphe-
nyl-10-(2-naphthyl)anthracene-9-boronic acid, 3.33 g of
2-(4-bromophenyl) phenanthrene, 0.231 g of tetrakis(triph-
enylphosphine)palladium (0), 40 mL of toluene, and 20 mL
of a 2-M aqueous solution of sodium carbonate were loaded,
and then the mixture was stirred for 8 hours under reflux.
After the mixture had been cooled to room temperature, the
precipitated crystal was separated by filtration. The resultant
crystal was washed with methanol, water, and methanol, and
was then recrystallized with toluene. Thus, 5.66 g of a pale
yellow crystal were obtained. Mass spectral analysis con-
firmed that the crystal was a target product and had a ratio
m/e of 708 with respect to its molecular weight, i.e., 708.28.

(54) Synthesis of Compound 54

Q O Br

Pd(PPhs)y
Na;COzaq
toluene

54
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Synthesis of Compound 54

[0319] Synthesis was performed in the same manner as in
the synthesis of Compound 52 except that 3-(4-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene. Mass spectral analysis confirmed that the
resultant was a target product and had a ratio m/e of 682 with
respect to its molecular weight, i.e., 682.27.

(55) Synthesis of Compound 55

[Chem. 104]

Jan. 2, 2020

toluene

Synthesis of Compound 55

[0320] Synthesis was performed in the same manner as in
the synthesis of Compound 52 except that 1-(4-bromophe-

Pd(PPhy)y
NayCOsaq

nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene. Mass spectral analysis confirmed that the
resultant was a target product and had a ratio m/e of 682 with
respect to its molecular weight, i.e., 682.27.
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(56) Synthesis of Compound 56

Q O Pd(PPhy),

[Chem. 105]

Na,COzaq
toluene

Synthesis of Compound 56 nyl)phenanthrene was used instead of 2-(4-bromophenyl)

phenanthrene. Mass spectral analysis confirmed that the

[0321] Synthesis was performed in the same manner as in ~ resultant was a target product and had a ratio m/e of 708 with
the synthesis of Compound 52 except that 3-(4-bromophe- respect to its molecular weight, i.e., 708.28.

(57) Synthesis of Compound 57

[Chem. 106]

Pd(PPh3)4
Na2C03aq
toluene
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-continued

Synthesis of Compound 57

[0322] Synthesis was performed in the same manner as in
the synthesis of Compound 52 except that 1-(4-bromophe-
nyl)phenanthrene was used instead of 2-(4-bromophenyl)
phenanthrene. Mass spectral analysis confirmed that the
resultant was a target product and had a ratio m/e of 708 with
respect to its molecular weight, i.e., 708.28.

(58) Synthesis of Compound 58

[Chem. 107]
0 B(OH}),
Pd(PPh3)y
Na,COzaq
O toluene

method was used instead of 10-(2-naphthyl)anthracene-9-
boronic acid. Mass spectral analysis confirmed that the
resultant was a target product and had a ratio m/e of 596 with

Synthesis of Compound 58

[0323] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that 10-(2-dibenzofura-
nyljanthracene-9-boronic acid synthesized by a known  respect to its molecular weight, i.e., 596.21.
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(59) Synthesis of Compound 59

[Chem. 108]

NayCOsaq
toluene

59

o B(OH),
Pd(PPhs),
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Svnthesis of Compound 59 boronic acid; and 3-(4-bromophenyl) phenanthrene was

[0324] Synthesis was performed in the same manner as in

used instead of 2-(4-bromophenyl)phenanthrene. Mass

the synthesis of Compound 1 except that: 10-(2-dibenzo- spectral analysis conﬁ@ed that the resul.tant was a target
furanyl)anthracene-9-boronic acid synthesized by a known  product and had a ratio m/e of 596 with respect to its
method was used instead of 10-(2-naphthyl)anthracene-9- molecular weight, i.e., 596.21.

(60) Synthesis of Compound 60

[Chern. 109]

B(OH),

O Q

Pd(PPh3)y
NayCO3aq
toluene
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Synthesis of Compound 60

[0325] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that: 10-(2-dibenzo-
furanyl)anthracene-9-boronic acid synthesized by a known
method was used instead of 10-(2-naphthyl)anthracene-9-
boronic acid; and 3-(4-bromophenyl) phenanthrene was
used instead of 1-(4-bromophenyl)phenanthrene. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 596 with respect to its
molecular weight, i.e., 596.21.

Example 1

[0326] A glass substrate (manufactured by GEOMATEC
Corporation) with an TTO transparent electrode (anode)
measuring 25 mm wide by 75 mm long by 1.1 mm thick was
subjected to ultrasonic cleaning in isopropyl alcohol for 5
minutes. After that, the substrate was subjected to UV/ozone
cleaning for 30 minutes. The glass substrate with the trans-
parent electrode line after the cleaning was mounted on the
substrate holder of a vacuum deposition apparatus. First, the
compound A-1 was formed into a film having a thickness of
60 nm on the surface on the side where the transparent
electrode line was formed so as to cover the transparent
electrode. After forming the film formed of A-1, A-2 was
formed into a film having a thickness of 20 nm on the film
formed of A-1.

[0327] Further, Compound 1 of the present invention and
Compound D-1 shown below were formed into a film
having a thickness of 40 nm at a thickness ratio of 40:2 on
the A-2 film so as to serve as a blue light emitting layer.

[0328] Alqhaving the following structure was formed into
a film having a thickness of 20 nm by vapor deposition on
the film so as to serve as an electron transporting layer. After
that, LiF was formed into a film having a thickness of 1 nm.
Metal Al was deposited from the vapor onto the LiF film so
that a metal cathode having a thickness of 150 nm might be
formed. Thus, an organic EL device was formed.

[0329] Hosts and dopants except Compounds 1 to 95 used
in Examples 1 to 101 and Comparative Examples 1 to 15 are
collectively shown below.

[Chem. 110]

A-l
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Examples 2 to 56

[0330] Organic EL devices were each produced in the
same manner as in Example 1 except that a compound
shown in Table 1 was used instead of Compound 1. In
addition, some of the organic EL devices were each pro-
duced in the same manner as in Example 1 except that a
compound shown in Table 1 was used instead of D-1.

TABLE 1

Current
Example No. Host Dopant efficiency  Lifetime
1 Compound 1 D-1 7.1 9000
2 Compound 2 D-1 7.1 9000
3 Compound 3 D-1 7.5 9000
4 Compound 4 D-1 7.5 9000
5 Compound 5 D-1 7.5 9000
6 Compound 6 D-1 7.5 9000
7 Compound 7 D-1 7.1 9000
8 Compound & D-1 7.1 9000
9 Compound 9 D-1 7.5 9000
10 Compound 10 D-1 7.5 9000
11 Compound 11 D-1 7.5 9000
12 Compound 12 D-1 7.5 9000
13 Compound 13 D-1 7.5 9000
14 Compound 14 D-1 7.2 8000
15 Compound 13 D-1 7.2 8000
16 Compound 16 D-1 7.6 9000
17 Compound 17 D-1 7.6 9000
18 Compound 18 D-1 7.6 9000
19 Compound 19 D-1 7.6 9000
20 Compound 20 D-1 7.2 9000
21 Compound 21 D-1 7.2 9000
22 Compound 22 D-1 7.6 9000
23 Compound 23 D-1 7.6 9000
24 Compound 24 D-1 7.6 9000
25 Compound 235 D-1 7.6 9000
26 Compound 26 D-1 7.6 9000
27 Compound 27 D-1 7.2 8000
28 Compound 28 D-1 7.2 8000
29 Compound 29 D-1 7.6 8000
30 Compound 30 D-1 7.6 8000
31 Compound 31 D-1 7.6 8000
32 Compound 32 D-1 7.6 8000
33 Compound 33 D-1 7.2 8000
34 Compound 34 D-1 7.2 8000
35 Compound 33 D-1 7.6 8000
36 Compound 36 D-1 7.6 8000
37 Compound 37 D-1 7.6 8000
38 Compound 38 D-1 7.6 8000
39 Compound 39 D-1 7.6 8000
40 Compound 40 D-1 7.2 8000
41 Compound 41 D-1 7.2 8000
42 Compound 42 D-1 2 8000
43 Compound 43 D-1 2 8000
44 Compound 44 D-1 7.2 8000
45 Compound 43 D-1 2 8000
46 Compound 46 D-1 2 8000
47 Compound 47 D-1 2 8000
48 Compound 48 D-1 2 8000
49 Compound 49 D-1 2 8000
50 Compound 50 D-1 2 8000
51 Compound 51 D-1 2 8000
52 Compound 4 D-2 7.6 10,000
53 Compound 11 D-2 7.6 10,000
54 Compound 14 D-2 7.6 10,000
55 Compound 18 D-2 7.6 10,000
56 Compound 31 D-2 7.6 10,000

Comparative Current
Example No. Host Dopant efficiency  Lifetime
1 Compound (A) D-1 6.5 5000

2 Compound (B) D-1 6.5 5000

Jan. 2, 2020
TABLE 1-continued
3 Compound (C) D-1 6.0 4000
4 Compound (D) D-1 6.0 5000
Comparative Example 1
[0331] An organic EL device was produced in the same

manner as in Example 1 except that Compound (A) shown
above was used instead of Compound 1.

Comparative Example 2

[0332] An organic EL device was produced in the same
manner as in Example 1 except that Compound (B) shown
above was used instead of Compound 1.

Comparative Example 3

[0333] An organic EL device was produced in the same
manner as in Example 1 except that Compound (C) shown
above was used instead of Compound 1.

Comparative Example 4

[0334] An organic EL device was produced in the same
manner as in Example 1 except that Compound (D) shown
above was used instead of Compound 1.

[0335] Table 1 above collectively shows performances
measured by using the organic EL devices obtained in
Examples 1 to 56 and Comparative Examples 1 to 4.

(1) Initial performance: Each device was evaluated for its
current efficiency (cd/A) at a current density of 10 mA/cm?.
(2) Lifetime: Each device was driven with a constant current
at an initial luminance of 1000 cd/cm?, and was evaluated
for the half lifetime of its luminance.

[0336] In Table 1, the current efficiency is shown in a
cd/m? unit, and the lifetime is shown in an hour unit. The
same holds true for Tables 2 and 3 below.

Synthesis Examples and Examples of Anthracene
Derivatives Each Having a Phenanthryl Group and
Each Represented by the General Formula (1-1)
when L' Represents a Single Bond and Ar*
Represents a Group Except a Group Represented
by the General Formula (2), and Comparative
Examples

Synthesis of Compound 61 (Compound 1 in the
Following Formulae)

[0337]

(2-1) Synthesis of Compound 61 (1 in the following formulae)

[Chem. 112]

HNO;3, fuming
—_—

AcOH

NILNH, IO
NO, —————
EtOH
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DDQ

—_—
1,4-Dioxane

L
)

Pd(PPhs),
NaCOs aq
toluene

(2-1) Synthesis of 2-nitro-9,10-dihydrophenanthrene
ynthesis was performed as described in the sec-
[0338] Synthesi formed as described in th
tion (1-1).
(2-2) Synthesis of
2-amino-9,10-dihydrophenanthrene
0339] Synthesis was performed as described in the sec-
Y p
tion (1-2).
2-3) Synthesis of 2-i0do-9,10-dihydrophenanthrene
Yy ydrop
[0340] Synthesis was performed as described in the sec-
tion (1-3).
2-4) Synthesis of 2-iodophenanthrene
Y p
[0341] Synthesis was performed as described in the sec-
tion (1-4).
(2-5) Synthesis of Compound 61

[0342] Under an argon atmosphere, 3.04 g of 2-iodo-
phenanthrene, 4.18 g of 10-(2-naphthyl)anthracene-9-bo-

117
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ronic acid synthesized by a known method, 0.231 g of
tetrakis(triphenylphosphine)palladium (0), 40 mL of tolu-
ene, and 20 mL of a 2-M aqueous solution of sodium
carbonate were loaded, and then the mixture was stirred for
8 hours under reflux. After having been cooled to room
temperature, the reaction solution was extracted with tolu-
ene. The water layer was removed, and the organic layer was
sequentially washed with water and a saturated salt solution,
and was then dried with magnesium sulfate. After magne-
sium sulfate had been separated by filtration, the organic
layer was concentrated. The residue was purified by silica
gel column chromatography. Thus, 4.56 g of a pale yellow
crystal were obtained. Mass spectral analysis confirmed that
the crystal was a target product and had a ratio m/e of 480
with respect to its molecular weight, i.e., 480.19.

Synthesis of Compound 62 (Compound 2 in the
Following Formulae)

[0343]

(2-2) Synthesis of Compound 62 (2 in the following formulae)

[Chem. 113]

Pd(PPhj)y
Na,COzaq
toluene

[0344] Synthesis was performed in the same manner as in
the synthesis of Compound 61 except that 10-(1-naphthyl)
anthracene-9-boronic acid synthesized by a known method
was used instead of 10-(2-naphthyl)anthracene-9-boronic
acid. Mass spectral analysis confirmed that the resultant was
a target product and had a ratio m/e of 480 with respect to
its molecular weight, i.e., 480.19.
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Synthesis of Compound 63 (Compound 3 in the
Following Formulae)

[0345]

(2-3) Synthesis of Compound 63 (3 in the following formulae)

[Chem. 114]

Pd(PPhs)4
Na,COsz aq
toluene

[0346] Synthesis was performed in the same manner as in
the synthesis of Compound 61 except that 10-(6-phenyl-
naphthalen-2-yl) anthracene-9-boronic acid synthesized by a
known method was used instead of 10-(2-naphthyl)anthra-
cene-9-boronic acid. Mass spectral analysis confirmed that

E
I

the resultant was a target product and had a ratio m/e of 556
with respect to its molecular weight, i.e., 556.22.

Synthesis of Compound 64 (Compound 4 in the
Following Formulae)

[0347]

(2-4) Synthesis of Compound 64 (4 in the following formulae)

[Chem. 115]

B(OH),

Pd(PPh;)y
Na,COzaq

toluene

4
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[0348] Synthesis was performed in the same manner as in Synthesis of Compound 66 (Compound 6 in the
the synthesis of Compound 61 except that 10-(4-phenyl- Following Formulae)
naphthalen-1-y1) anthracene-9-boronic acid synthesized by a [0351]

known method was used instead of 10-(2-naphthyl)anthra-
cene-9-boronic acid. Mass spectral analysis confirmed that
the resultant was a target product and had a ratio m/e of 556

. . . . 2-6) Synthesis of C d 66 (6 in the following fi 1
with respect to its molecular weight, i.e., 556.22. (2:6) Synthesis of Compound 66 (6 in the following formulac)

[Chem. 117]

Synthesis of Compound 65 (Compound 5 in the
Following Formulae)
[0349]
B(OH),
(2-5) Synthesis of Compound 65 (5 in the following formulae)
[Chem. 116]
Pd( PPh3,4
Br

Na,COsaq
toluene
NaCOszaq
toluene

6

Q O OQ [0352] Synthesis was performed in the same manner as in

the synthesis of Compound 61 except that: commercially
available 3-bromophenanthrene was used instead of 2-iodo-
phenanthrene; and 10-(1-naphthyl)anthracene-9-boronic
acid synthesized by a known method was used instead of
10-(2-naphthyl)anthracene-9-boronic acid. Mass spectral
analysis confirmed that the resultant was a target product and
had a ratio m/e of 480 with respect to its molecular weight,
ie., 480.19.

o

[0350] Synthesis was performed in the same manner as in
the synthesis of Compound 61 except that commercially
available 3-bromophenanthrene was used instead of 2-iodo-
phenanthrene. Mass spectral analysis confirmed that the
resultant was a target product and had a ratio m/e of 480 with
respect to its molecular weight, i.e., 480.19. [0353]

Synthesis of Compound 67 (Compound 7 in the
Following Formulae)

(2-7) Synthesis of Compound 67 (7 in the following formulae)

[Chem. 118]

o o

Pd(PPhy)y
Na,COzaq
toluene
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[0354] Synthesis was performed in the same manner as in
the synthesis of Compound 61 except that: commercially
available 3-bromophenanthrene was used instead of 2-iodo-
phenanthrene; and 10-(6-phenylnaphthalen-2-yl)anthra-
cene-9-boronic acid synthesized by a known method was
used instead of 10-(2-naphthyl) anthracene-9-boronic acid.
Mass spectral analysis confirmed that the resultant was a
target product and had a ratio m/e of 556 with respect to its
molecular weight, i.e., 556.22.

Synthesis of Compound 68 (Compound 8 in the
Following Formulae)

[0355]

(2-8) Synthesis of Compound 68 (8 in the following formulae)

0
O e
o2e

Pd(PPh3)4
NayCOj aq
toluene

g

[Chem. 119]

(I
0 &
SRl

[0356] Synthesis was performed in the same manner as in
the synthesis of Compound 61 except that: commercially
available 3-bromophenanthrene was used instead of 2-iodo-
phenanthrene; and 10-(4-phenylnaphthalen-1-yl)anthra-
cene-9-boronic acid synthesized by a known method was
used instead of 10-(2-naphthyl) anthracene-9-boronic acid.
Mass spectral analysis confirmed that the resultant was a

Jan. 2, 2020

target product and had a ratio m/e of 556 with respect to its
molecular weight, i.e., 556.22.

Synthesis of Compound 69 (Compound 9 in the
Following Formulae)

[0357]

(2-9) Synthesis of Compeund 69 (9 in the following formulae)

[Chem. 120]

—
NO; 4 4-dioxane

Oy
oS eeaRe

Pd(PPh3),
Na,COsaq
toluene
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(9-1) Synthesis of 2-nitrophenanthrene

[0358] Under an argon atmosphere, 225 g of 2-nitro-9,10-
dihydrophenanthrene, 227 g of 2,3-dichloro-5,6-dicyano-p-
benzoquinone, and 2.4 L of 1,4-dioxane were added, and
then the mixture was stirred for 24 hours under heating
reflux. After having been cooled to room temperature, the
reaction solution was concentrated. The residue was purified
by silica gel column chromatography, and was then washed
with methanol. Thus, 134 g of a white crystal were obtained
(in 60% yield).

(9-2) Synthesis of 2-aminophenanthrene

[0359] First, 134 g of 2-nitrophenanthrene, 1.00 g of
palladiumcarbon, and 1.2 [ of ethanol were loaded, and then
70 mL of hydrazine monohydrate were added to the mixture.
The reaction solution was stirred for 4 hours under heating
reflux. After having been cooled to room temperature, the
reaction solution was poured into 3 L of water. Then, the
mixture was extracted with 2 L of toluene. After the water
layer had been removed, the organic layer was dried with
magnesium sulfate. After magnesium sulfate had been sepa-
rated by filtration, the solvent was removed by distillation
under reduced pressure. The residue was purified by silica
gel column chromatography. Thus, 100 g of a pale yellow
solid were obtained (in 86% yield).

(9-3) Synthesis of 2-amino-1-bromophenanthrene

[0360] First, 100 g of 2-aminophenanthrene were dis-
solved in 750 mL of N,N-dimethyl sulfoxide, and then 83 g
of 48% hydrobromic acid were dropped to the solution over
4 hours while the solution was stirred at room temperature.
The mixture was continuously stirred at room temperature
for 20 hours, and was then stirred at 100° C. for 1 hour under
heat. After having been cooled to room temperature, the
reaction solution was poured into 3 L of water. After the
mixed solution had been neutralized with ammonia water,
the crystal was obtained through separation by filtration. The
resultant solid was recrystallized with ethanol and water.
Thus, 126 g of a colorless crystal were obtained (in 90%
vield).

(9-4) Synthesis of 1-bromophenanthrene

[0361] First, 120 g of 2-amino-1-bromophenanthrene
were dissolved in 750 mL of THF, and then 4.5 L of
concentrated hydrochloric acid and 1.5 L of water were
added to the solution. The reaction solution was cooled with
ice, and then a solution of 45 g of sodium nitrite in 230 mL
of water was dropped to the solution. After the mixture had
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been stirred for 1 hour under ice cooling, 2.25 L of a 50%
aqueous solution of phosphinic acid were added to the
mixture. The reaction solution was stirred for 30 minutes
under ice cooling, and was then continuously stirred at room
temperature for 17 hours. Subsequently, 10 L of water were
added to the solution, and a solid was obtained through
separation by filtration. The resultant solid was purified by
silica gel column chromatography. Thus, 75 g of 1-bro-
mophenanthrene were obtained (in 66% yield).

(9-5) Synthesis of Compound 69
[0362] Synthesis was performed in the same manner as in
the synthesis of Compound 1 except that 1-bromophenan-
threne was used instead of 2-iodophenanthrene. Mass spec-
tral analysis confirmed that the resultant was a target product

and had a ratio m/e of 480 with respect to its molecular
weight, i.e., 480.19.

Synthesis of Compound 70 (Compound 10 in the
Following Formulae)

[0363]

(2-10) Synthesis of Compound 70 (10 in the following formulae)

O B(OH'Z

Pd(PPh3)4
Na,COzaq

Br
toluene

10

[Chem. 121]

[0364] Synthesis was performed in the same manner as in
the synthesis of Compound 61 except that: 1-bromophenan-
threne was used instead of 2-iodophenanthrene; and 10-(1-
naphthyl)anthracene-9-boronic acid synthesized by a known
method was used instead of 10-(2-naphthyl)anthracene-9-
boronic acid. Mass spectral analysis confirmed that the
resultant was a target product and had a ratio m/e of 480 with
respect to its molecular weight, i.e., 480.19.
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Synthesis of Compound 71 (Compound 11 in the
Following Formulae)

[0365]
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(2-11) Synthesis of Compound 71 (11 in the following formulae)

[Chem. 122]

Pd(PPh;),
Na;COzaq
toluene

B

11

[0366] Synthesis was performed in the same manner as in
the synthesis of Compound 61 except that: 1-bromophenan-
threne was used instead of 2-iodophenanthrene; and 10-(6-
phenylnaphthalen-2-yl) anthracene-9-boronic acid synthe-
sized by a known method was used instead of 10-(2-
naphthyl)anthracene-9-boronic acid. Mass spectral analysis
confirmed that the resultant was a target product and had a
ratio m/e of 556 with respect to its molecular weight, i.e.,
556.22.

Synthesis of Compound 72 (Compound 12 in the
Following Formulae)

[0367]

(2-12) Synthesis of Compound 72 (12 in the following formulae)

[Chem. 123]

B(OH),

Pd(PPhs)s

Na,COsaq
toluene

Q Br

-continued

[0368]
the synthesis of Compound 61 except that: 1-bromophenan-
threne was used instead of 2-iodophenanthrene; and 10-(4-
phenylnaphthalen-1-yl)anthracene-9-boronic acid synthe-
sized by a known method was used instead of 10-(2-
naphthyl)anthracene-9-boronic acid. Mass spectral analysis
confirmed that the resultant was a target product and had a
ratio m/e of 556 with respect to its molecular weight, i.e.,
556.22.

Synthesis was performed in the same manner as in
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Synthesis of Compound 73 (Compound 13 in the _continued

Following Formulae)

[0369]

NBS
DMF

[Chem. 124]

(2-13) Synthesis of Compound 73 (13 in the following formulae) QQ
Br
r

Pd(PPhs)y
NayCOj3 aq
toluene

o QD
Br
QQ Q Pd(PPhy)

Na,CO;3 aq

toluene

Q (HO),B OQ (13-1) Synthesis of 2,6-Diphenylanthracene
Br O Pd(PPhs), [0370] Under an argon atmosphere, 29.0 g of phenylbo-

NxC0;3 ag ronic acid, 25.7 g of 2,6-dibromoanthracene, 4.62 g of
toluene tetrakis(triphenylphosphine) palladium (0), 800 mL of tolu-
ene, and 400 mL of a 2-M aqueous solution of sodium
carbonate were loaded, and then the mixture was stirred for
8 hours under reflux. After the mixture had been cooled to
room temperature, the precipitated crystal was taken by
filtration. The resultant solid was repeatedly recrystallized
with toluene and hexane and washed. Thus, 25.0 g of
2-phenylanthracene were obtained (in 75% yield).
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(13-2) Synthesis of Synthesis of Compound 74 (Compound 14 in the
9-bromo-2,6-diphenylanthracene Following Formulae)
[0375]
[0371] First, 33.0 g of 2,6-diphenylanthracene were dis-
solved in 200 mL of N,N-dimethylformamide under heat, (2-14) Synthesis of Compound 74 (14 in the following formulae)
and then a solution of 18.0 g of N-bromosuccinimide in 20 [Chem. 125]

mL of N,N-dimethylformamide was added to the solution.

The mixture was stirred at 60° C. for 6 hours under heat. BrMg
After having been cooled to room temperature, the reaction 0

solution was poured into 1 L of water. The resultant solid

was sequentially washed with methanol, water, and metha-

nol. After that, the solid was repeatedly recrystallized with Y
toluene and hexane and washed. Thus, 33.5 g of 9-bromo-

2,6-diphenylanthracene were obtained (in 82% yield).

0]
(13-3) Synthesis of 2,6-diphenyl-9-(2-naphthyl) Q
anthracene
[0372] Under an argon atmosphere, 20.5 g of 9-bromo-2,
6-diphenyl anthracene, 9.37 g of naphthalene-2-boronic Q
acid, 1.16 g of tetrakis(triphenylphosphine)palladium(0), <o
200 mL of toluene, and 100 mL of a 2-M aqueous solution
of sodium carbonate were loaded, and then the mixture was
stirred for 8 hours under reflux. After the mixture had been COt

cooled to room temperature, the precipitated crystal was

separated by filtration. The resultant crystal was washed
with methanol, water, and methanol, and was then recrys- Q

tallized with toluene. Thus, 17.1 g of a yellow crystal were
obtained (in 75% yield).

Zn
(13-4) Synthesis of 9-bromo-2,6-diphenyl-10-(2- HF
naphthyl)anthracene

[0373] First, 9.09 g of 2,6-diphenyl-9-(2-naphthyl)anthra-
cene were dissolved in 100 mL of N,N-dimethylformamide
under heat, and then a solution of 3.91 g of N-bromosuc-
cinimide in 10 mL of N,N-dimethylformamide was added to
the solution. The mixture was stirred at 60° C. for 6 hours
under heat. After having been cooled to room temperature,
the reaction solution was poured into S00 mL of water. The
resultant solid was sequentially washed with methanol,
water, and methanol. After that, the solid was repeatedly
recrystallized with toluene and hexane and washed. Thus,
8.55 g of 9-bromo-2,6-diphenyl-10-(2-naphthyl)anthracene
were obtained (in 80% yield).

CO,H

CQ Li

(13-5) Synthesis of Compound 73

[0374] Under an argon atmosphere, 5.35 g of 9-bromo-2,
6-diphenyl-10-(2-naphthyl)anthracene, 2.44 g of 2-phenan-
thryl boronic acid, 0.231 g of tetrakis(triphenylphosphine)

palladium(0), 40 mL of toluene, and 20 mL of a 2-M NBS
aqueous solution of sodium carbonate were loaded, and then DMF

the mixture was stirred for 8 hours under reflux. After the
mixture had been cooled to room temperature, the precipi-
tated crystal was separated by filtration. The resultant crystal
was washed with methanol, water, and methanol, and was
then recrystallized with toluene. Thus, 4.74 g of a pale
yellow crystal were obtained. Mass spectral analysis con-
firmed that the crystal was a target product and had a ratio
m/e of 632 with respect to its molecular weight, i.e., 632.25.
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-continued
) O

Ar— B(OH),
B e
Pd(PPhs)s

NﬁzCOg aq
toluene

(14-1) Synthesis of
2-[3-(2-naphthyl}benzoyl|benzoic acid

[0376] Under an argon atmosphere, 132 g of magnesium
were dispersed in 500 mL of ether. A solution of 142 g of
2-(3-bromophenyl) naphthalene in 500 mL of ether was
added to the dispersion, and then the mixture was stirred at
room temperature for 1 hour. A solution of 74 g of phthalic
anhydride in 150 mL of benzene was added to the mixture,
and then the resultant reaction solution was stirred for 3
hours under reflux. After having been cooled to room
temperature, the reaction solution was poured into ice water,
and then 1 L of 10% hydrochloric acid was added to the
mixture. The organic layer was separated and extracted with
an aqueous solution of potassium carbonate. The alkaline
extract was acidified, and then the resultant solid was
washed with boiling water. The resultant crude product was
recrystallized with acetic acid. Thus, 121 g of 2-(3-phenyl-
benzoyl)benzoic acid were obtained (in 69% yield).

(14-2) Synthesis of 2-[3-(2-naphthyl)benzyl|benzoic
Acid

[0377] First, 121 g of 2-[3-(2-naphthyl)benzoyl]benzoic
acid were dissolved in 10 L of a IN sodium hydroxide
solution, and then a zinc powder activated with an aqueous
solution of copper sulfate was added to the solution. The
reaction solution was stirred for 50 hours under reflux. After
having been cooled to room temperature, the reaction solu-
tion was filtrated. The filtrate was acidified, and then the
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resultant solid was washed with boiling water. Thus, 110 g
of 2-[3-(2-naphthyl)benzyl]benzoic acid were obtained (in
90% vield).

(14-3) Synthesis of 2-(2-naphthyl)-10-anthrone

[0378] First, 11.7 g of 2-[3-(2-naphthyl)benzyl]benzoic
acid were added to 250 mL of liquid hydrogen fluoride, and
then the mixture was stirred until hydrogen fluoride evapo-
rated. The residue was dissolved in chloroform, and then the
solution was sequentially washed with water, an aqueous
solution of ammonium hydroxide, and water. After the
chloroform solution had been dried with magnesium sulfate,
the solvent was removed by distillation under reduced
pressure. The residue was crystallized with methanol, and
was then recrystallized with cyclohexane and acetone. Thus,
6.76 g of 2-phenyl-10-anthrone were obtained (in 61%
yield).

(14-4) Synthesis of 2,10-di(2-naphthyl)anthracene

[0379] Under an argon atmosphere, a solution of 4.81 g of
2-bromonaphthalene in 30 mL of THF was cooled to -78°
C. Subsequently, 25 mL of a 1.6-M solution of n-butyl-
lithium in hexane were dropped to the solution, and then the
mixture was stirred at —=78° C. for 1 hour. A solution of 6.76
g of 2-(2-naphthy1)-10-anthrone in 20 mL of THF was added
to the mixture, and then the resultant reaction solution was
stirred for 5 hours at 50° C. under heat. After the reaction
solution had been cooled to room temperature, 100 mL of
10% hydrochloric acid were added to the solution. After the
water layer had been removed, the organic layer was washed
with water and a saturated salt solution. Then, the organic
layer was dried with magnesium sulfate. The solvent was
removed by distillation under reduced pressure, and then the
residue was purified by silica gel column chromatography.
Thus, 290 g of 2,10-di(2-naphthylanthracene were
obtained (in 32% yield).

(14-5) Synthesis of
9-bromo-2,10-di(2-naphthyl)anthracene

[0380] First, 2.90 g of 2-phenyl-10-(6-phenylnaphthalen-
2-yl) anthracene were dissolved in 30 mL of DMF, and then
a solution of 1.32 g of N-bromosuccinimide in 10 mL of
DMF was added to the solution. The mixture was stirred at
60° C. for 5 hours under heat. After having been cooled to
room temperature, the reaction solution was poured into 100
mL of water. The precipitated crystal was separated by
filtration, and was then sequentially washed with methanol,
water, and methanol. After that, the crystal was purified by
silica gel column chromatography. Thus, 3.09 g of 9-bromo-
2,10-di(2-naphthyl) anthracene were obtained (in 90%
yield).

(14-6) Synthesis of Compound 74

[0381] Under an argon atmosphere, 5.08 g of 9-bromo-2,
10-di(2-naphthyl)anthracene, 2.44 g of 2-phenanthryl
boronic acid, 0.231 g of tetrakis(triphenylphosphine)palla-
dium(0), 40 mL of toluene, and 20 mL of a 2-M aqueous
solution of sodium carbonate were loaded, and then the
mixture was stirred for 8 hours under reflux. After the
mixture had been cooled to room temperature, the precipi-
tated crystal was separated by filtration. The resultant crystal
was washed with methanol, water, and methanol, and was
then recrystallized with toluene. Thus, 4.97 g of a pale
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yellow crystal were obtained. Mass spectral analysis con-

firmed that the crystal was a target product and had a ratio
m/e of 606 with respect to its molecular weight, i.e., 606.23.

Example 57

[0382] An organic EL device was formed in the same

manner as in Example 1 except that Compound 61 was used.

Examples 58 to 72

[0383] Organic EL devices were each produced in the
same manner as in Example 57 except that a host and a
dopant were changed as shown in Table 2. Then, the devices
were each evaluated in the same manner as that described
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TABLE 2-continued

68 Compound 72 D-1 7.2 9000

69 Compound 61 D-2 7.6 10,000

70 Compound 66 D-2 7.6 10,000

71 Compound 70 D-2 7.6 10,000

72 Compound 73 D-2 7.6 10,000

Comparative Current

Example No. Host Dopant efficiency Lifetime

5 Compound (E) D-1 6.5 4000

6 Compound (F) D-1 6.5 4000

7 Compound (G) D-1 6.0 2000

8 Compound (H) D-1 6.0 2000

9 Compound (I) D-1 6.0 1000

10 Compound (C) D-1 6.0 5000

above.

Comparative Example 5

[0384] An organic FL device was produced in the same
manner as in Example 57 except that Compound (E) shown
above was used instead of Compound 61.

Comparative Example 6

[0385] An organic EL device was produced in the same
manner as in Example 57 except that Compound (F) shown
above was used instead of Compound 61.

Comparative Example 7

[0386] An organic FL device was produced in the same
manner as in Example 57 except that Compound (G) shown
above was used instead of Compound 61.

Comparative Example 8

[0387] An organic ELL device was produced in the same
manner as in Example 57 except that Compound (H) shown
above was used instead of Compound 61.

Comparative Example 9

[0388] An organic EL device was produced in the same
manner as in Example 57 except that Compound (I) shown
above was used instead of Compound 61.

Comparative Example 10

[0389] An organic EL device was produced in the same
manner as in Example 57 except that Compound (C) shown
above was used instead of Compound 61.

[0390] Table 2 shows the results obtained in Examples 57
to 72 and Comparative Examples 5 to 10 described above.

Synthesis Examples and Examples of Anthracene
Derivatives Each Having a Phenanthryl Group and
Each Represented by the General Formula (1-1)
when Ar' Represents a Group Represented by the
General Formula (2), and Comparative Examples

Synthesis of Compound 75 (Compound 1 in the
Following Formulae)

[0391]
[Chem. 126]
. HNO;, fuming
—_—
AcOH
. NHzNHz'Hzo
NO, —
EtOH

1)NaNO,

NH, ———
HCI

TABLE 2
Current
Example No. Host Dopant efficiency Lifetime
57 Compound 61 D-1 7.5 9000 ) : it 10
% Compound 62 D-1 3 9000 (3-1) Synthesis of 2-nitro-9,10-dihydrophenanthrene
59 Compound 63 D-1 7.5 9000 . . .
50 Comgound 64 D1 75 9000 [0392] Synthesis was performed as described in the sec-
51 Compound 65 D-1 7.3 5000 tion (1-1).
62 Compound 66  D-1 73 9000
63 Compound 67 D-1 73 9000 .
64 Compotnd 68 D-1 73 9000 ~ (3-2) Synthesis of
65 Compound 69 D-1 79 9000 2-amino-9,10-dihydrophenanthrene
66 Compound 70 D-1 7.2 9000 ) ) )
67 Compound 71 D-1 7.2 9000 [0393] Synthesis was performed as described in the sec-

tion (1-2).
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(3-3) Synthesis of 2-iodo-9,10-dihydrophenanthrene
[0394] Synthesis was performed as described in the sec-
tion (1-3).

(3-4) Synthesis of 2-iodophenanthrene

[0395] Synthesis was performed as described in the sec-
tion (1-4).

(3-5) Synthesis of Compound 75
[0396]
[Chem. 127]

B(OH),
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Pd(PPh3)4
Na,COzaq
toluene

[0397] Under an argon atmosphere, 3.04 g of 2-iodo-
phenanthrene synthesized by the above-mentioned method,
4.66 g of 10-[4-(1-naphthyl)phenyl]anthracene-9-boronic
acid synthesized by a known method, 0.231 g of tetrakis
(triphenylphosphine)palladium(0), 40 mL of toluene, and 20
mlL of a 2-M aqueous solution of sodium carbonate were
loaded, and then the mixture was stirred for 8 hours under
reflux. After the mixture had been cooled to room tempera-
ture, the precipitated crystal was separated by filtration. The
resultant crystal was repeatedly recrystallized with toluene

[Chem. 128]

and hexane. Thus, 4.45 g of a pale yellow crystal were
obtained. Mass spectral analysis confirmed that the crystal
was a target product and had a ratio m/e of 556 with respect
to its molecular weight, i.e., 556.22.

Synthesis of Compound 76 (Compound 2 in the
Following Formulae)

[0398]

Pd(PPhs)s

Na,COszaq
toluene

B(OH),
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[0399] Synthesis was performed in the same manner as in
the synthesis of Compound 75 except that 10-[4-(2-naph-
thyl)phenyl] anthracene-9-boronic acid synthesized by a
known method was used instead of 10-[4-(1-naphthyl)phe-
nyl]anthracene. Mass spectral analysis confirmed that the
resultant was a target product and had a ratio m/e of 556 with
respect to its molecular weight, i.e., 556.22.

Synthesis of Compound 77 (Compound 3 in the
Following Formulae)

[0400]

[Chem. 129]
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B(OH),

[0401] Synthesis was performed in the same manner as in
the synthesis of Compound 75 except that 10-[3-(1-naph-
thyl)phenyl] anthracene-9-boronic acid synthesized by a
known method was used instead of 10-[4-(1-naphthyl)phe-
nyl]anthracene. Mass spectral analysis confirmed that the

[Chem. 130]

Pd(PPh3)4
Na,CO; aq

resultant was a target product and had a ratio m/e of 556 with
respect to its molecular weight, i.e., 556.22.

Synthesis of Compound 78 (Compound 4 in the
Following Formulae)

[0402]

B(OH),

Pd(PPhs)q
Na,COzaq
toluene
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[0403] Synthesis was performed in the same manner as in
the synthesis of Compound 75 except that 10-[3-(2-naph-
thyl)phenyl] anthracene-9-boronic acid synthesized by a
known method was used instead of 10-[4-(1-naphthyl)phe-
nyl]anthracene. Mass spectral analysis confirmed that the
resultant was a target product and had a ratio m/e of 556 with
respect to its molecular weight, i.e., 556.22.

Synthesis of Compound 79 (Compound 5 in the
Following Formulae)

[0404]

[Chem. 131]

Pd(PPhy)y
Na,COszaq
toluene

[0405] Synthesis was performed in the same manner as in
the synthesis of Compound 75 except that 10-(4-biphenyl)
anthracene-9-boronic acid synthesized by a known method
was used instead of 10-[4-(1-naphthyl)phenyl]anthracene.
Mass spectral analysis confirmed that the resultant was a
target product and had a ratio m/e of 506 with respect to its
molecular weight, i.e., 506.20.

Synthesis of Compound 80 (Compound 6 in the
Following Formulae)

O
B(OH),

Pd(PPhs)y
Na,COjaq
toluene

[0407] Synthesis was performed in the same manner as in
the synthesis of Compound 75 except that 10-(3-biphenyl)
anthracene-9-boronic acid synthesized by a known method
was used instead of 10-[4-(1-naphthyl)phenyl]anthracene.
Mass spectral analysis confirmed that the resultant was a
target product and had a ratio m/e of 506 with respect to its
molecular weight, i.e., 506.20.

Synthesis of Compound 81 (Compound 7 in the
Following Formulae)

[0406]

[Chem. 132]

6

[0408]

[Chem. 133]

I Q
N =/
Q Pd(PPhy),

NayCOsaq
toluene
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[0409] Synthesis was performed in the same manner as in
the synthesis of Compound 75 except that 10-(2-biphenyl)
anthracene-9-boronic acid synthesized by a known method
was used instead of 10-[4-(1-naphthyl)phenyl]anthracene.
Mass spectral analysis confirmed that the resultant was a
target product and had a ratio m/e of 506 with respect to its
molecular weight, i.e., 506.20.

Synthesis of Compound 82 (Compound 8 in the
Following Formulae) [0411] Synthesis was performed in the same manner as in

the synthesis of Compound 75 except that commercially

[0410]
Chem, 134 available 3-bromophenanthrene was used instead of 2-iodo-
o phenanthrene. Mass spectral analysis confirmed that the
O resultant was a target product and had a ratio m/e of 556 with
Q Q respect to its molecular weight, i.e., 556.22.
o0
_——
(O o —=et
Na,COszaq Synthesis of Compound 83 (Compound 9 in the
toluene Following Formulae)
[0412]
[Chem. 135]

B(OH >
O NaZC03aq

toluene
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[0413] Synthesis was performed in the same manner as in
the synthesis of Compound 75 except that: commercially
available 3-bromophenanthrene was used instead of 2-iodo-
phenanthrene; and 10-[4-(2-naphthyl)phenyl]anthracene-9-
boronic acid synthesized by a known method was used
instead of 10-[4-(1-naphthyl)phenyl] anthracene. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 556 with respect to its
molecular weight, i.e., 556.22.

Synthesis of Compound 84 (Compound 10 in the
Following Formulae)

[0414]

[Chem. 136]

)
QQ

Pd (PPhs),
N3.2CO3 aq
toluene

[0415] Synthesis was performed in the same manner as in
the synthesis of Compound 75 except that: commercially
available 3-bromophenanthrene was used instead of 2-iodo-
phenanthrene; and 10-[3-(1-naphthyl)phenyl]anthracene-9-
boronic acid synthesized by a known method was used
instead of 10-[4-(1-naphthyl)phenyl] anthracene. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 556 with respect to its
molecular weight, i.e., 556.22.

(2
\ 4
L/

B(OH),

s
O

10

Synthesis of Compound 85 (Compound 11 in the
Following Formulae)

[0416]

[Cherm. 137]

ey

Pd(PPh;),
NayCOzaq
toluene

)
a®
)

8y
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[0417] Synthesis was performed in the same manner as in
the synthesis of Compound 75 except that: commercially
available 3-bromophenanthrene was used instead of 2-iodo-
phenanthrene; and 10-[3-(2-naphthyl)phenyl]anthracene-9-
boronic acid synthesized by a known method was used
instead of 10-[4-(1-naphthyl)phenyl] anthracene. Mass
spectral analysis confirmed that the resultant was a target
product and had a ratio m/e of 556 with respect to its
molecular weight, i.e., 556.22.

Synthesis of Compound 86 (Compound 12 in the
Following Formulae)

[0418]

[Chem. 138]

Br OQ
Pd(PPhs)y
Na,COsaq

toluene

12

B(OH),

[0419] Synthesis was performed in the same manner as in
the synthesis of Compound 75 except that: commercially
available 3-bromophenanthrene was used instead of 2-iodo-
phenanthrene; and 10-(4-biphenyl)anthracene-9-boronic
acid synthesized by a known method was used instead of
10-[4-(1-naphthyl)phenyl]anthracene. Mass spectral analy-
sis confirmed that the resultant was a target product and had
a ratio m/e of 506 with respect to its molecular weight, i.e.,
506.20.
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Synthesis of Compound 87 (Compound 13 in the
Following Formulae)

[0420]

[Chem. 139]

B(OHL
O Pd(PPhy)s

NayCOs aq

toluene

[0421] Synthesis was performed in the same manner as in
the synthesis of Compound 75 except that: commercially
available 3-bromophenanthrene was used instead of 2-iodo-
phenanthrene; and 10-(3-biphenyl)anthracene-9-boronic
acid synthesized by a known method was used instead of
10-[4-(1-naphthyl)phenyl]anthracene. Mass spectral analy-
sis confirmed that the resultant was a target product and had
a ratio m/e of 506 with respect to its molecular weight, i.e.,
506.20.

Synthesis of Compound 88 (Compound 14 in the
Following Formulae)

[0422]

[Chem. 140]

Pd(PPhs),
Na,COzaq
toluene

132
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-continued
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[0423] Synthesis was performed in the same manner as in

the synthesis of Compound 75 except that: commercially
available 3-bromophenanthrene was used instead of 2-iodo-
phenanthrene; and 10-(2-biphenyl)anthracene-9-boronic
acid synthesized by a known method was used instead of
10-[4-(1-naphthyl)phenyl]anthracene. Mass spectral analy-
sis confirmed that the resultant was a target product and had

a ratio m/e of 506 with respect to its molecular weight, i.e.,
506.20.

Synthesis of Compound 89

[0424]

[Chem. 141]

* 1 A dlcxa.ne
NHwNHZ
EtOH

HBr

NI, HZO/DMSO

NaNOZ

NH, H3PO7
Br
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(89-1) Synthesis of 2-nitrophenanthrene

[0425] Under an argon atmosphere, 22.5 g of 2-nitro-9,
10-dihydrophenanthrene, 22.7 g of 2,3-dichloro-5,6-di-
cyano-p-benzoquinone, and 240 ml, of 1,4-dioxane were
added, and then the mixture was stirred for 24 hours under
heating reflux. After having been cooled to room tempera-
ture, the reaction solution was concentrated. The residue was
purified by silica gel column chromatography, and was then
washed with methanol. Thus, 13.4 g of a white crystal were
obtained (in 60% yield).

(89-2) Synthesis of 2-aminophenanthrene

[0426] First, 13.4 g of 2-nitrophenanthrene, 0.10 g of
palladium carbon, and 120 mL of ethanol were loaded, and
then 7 mL of hydrazine monohydrate were added to the
mixture. The reaction solution was stirred for 4 hours under
heating reflux. After having been cooled to room tempera-
ture, the reaction solution was poured into 300 mL of water.
Then, the mixture was extracted with 200 mL of toluene.
After the water layer had been removed, the organic layer
was dried with magnesium sulfate. After magnesium sulfate
had been separated by filtration, the solvent was removed by
distillation under reduced pressure. The residue was purified
by silica gel column chromatography. Thus, 10.0 g of a pale
yellow solid were obtained (in 86% yield).

(89-3) Synthesis of 2-amino-1-bromophenanthrene

[0427] First, 10.0 g of 2-aminophenanthrene were dis-
solved in 75 mL of N,N-dimethyl sulfoxide, and then 8.3 g
of 48% hydrobromic acid were dropped to the solution over
4 hours while the solution was stirred at room temperature.
The mixture was continuously stirred at room temperature
for 20 hours, and was then stirred at 100° C, for 1 hour under
heat. After having been cooled to room temperature, the
reaction solution was poured into 300 mL of water. After the
mixed solution had been neutralized with ammonia water,
the crystal was separated by filtration. The resultant solid
was recrystallized with ethanol and water. Thus, 12.6 g of a
colorless crystal were obtained (in 90% yield).

(89-4) Synthesis of 1-bromophenanthrene

[0428] First, 12.0 g of 2-amino-1-bromophenanthrene
were dissolved in 75 mL of THF, and then 450 mL of
concentrated hydrochloric acid and 150 mL of water were
added to the solution. The reaction solution was cooled with
ice, and then a solution of 4.5 g of sodium nitrite in 23 mL
of water was dropped to the solution. After the mixture had
been stirred for 1 hour under ice cooling, 225 mL of a 50%
aqueous solution of phosphinic acid were added to the
mixture. The reaction solution was stirred for 30 minutes
under ice cooling, and was then continuously stirred at room
temperature for 17 hours. Subsequently, 1 L of water were
added to the solution, and a solid was separated by filtration.
The resultant solid was purified by silica gel column chro-
matography. Thus, 7.5 g of I-bromophenanthrene were
obtained (in 66% yield).
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(89-5) Synthesis of Compound 89 (Compound 15
in the Following Formulae)

[0429]

[Cher. 142]

(D e
(O o —f—

Pd(PPh3)4
Na,COsaq
toluene

[0430] Synthesis was performed in the same manner as in
the synthesis of Compound 75 except that: 1-bromophenan-
threne was used instead of 2-iodophenanthrene; and 10-[4-
(1-naphthyl)phenyl| anthracene-9-boronic acid synthesized
by a known method was used instead of 10-[4-(1-naphthyl)
phenyl]anthracene. Mass spectral analysis confirmed that
the resultant was a target product and had a ratio m/e of 556
with respect to its molecular weight, i.e., 556.22.

Synthesis of Compound 90 (Compound 16 in the
Following Formulae)

[0431]

[Chem. 143]

oA
O S

Pd(PPh3)4
Na,CO3aq
toluene
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[0432] Synthesis was performed in the same manner as in
the synthesis of Compound 75 except that: 1-bromophenan-
threne was used instead of 2-iodophenanthrene; and 10-[4-
(2-naphthyl)phenyl] anthracene-9-boronic acid synthesized
by a known method was used instead of 10-[4-(1-naphthyl)
phenyl]anthracene. Mass spectral analysis confirmed that
the resultant was a target product and had a ratio m/e of 556
with respect to its molecular weight, i.e., 556.22.

Synthesis of Compound 91 (Compound 17 in the
Following Formulae)

[0433]

[Chem. 144]

/ A @,
O A
B(OH),
Pd(PPh3)4
C Q Na,COsaq
O toluene

[0434] Synthesis was performed in the same manner as in
the synthesis of Compound 75 except that: 1-bromophenan-
threne was used instead of 2-iodophenanthrene; and 10-[3-
(1-naphthyl)phenyl]| anthracene-9-boronic acid synthesized
by a known method was used instead of 10-[4-(1-naphthyl)
phenyl]anthracene. Mass spectral analysis confirmed that
the resultant was a target product and had a ratio m/e of 556
with respect to its molecular weight, i.e., 556.22.

Jan. 2, 2020

134

Synthesis of Compound 92 (Compound 18 in the
Following Formulae)

[0435]

[Chem. 145]

D

Pd(PPh3)4
Na,COsaq
toluene

18

[0436] Synthesis was performed in the same manner as in
the synthesis of Compound 75 except that: 1-bromophenan-
threne was used instead of 2-iodophenanthrene; and 10-[3-
(2-naphthyl)phenyl] anthracene-9-boronic acid synthesized
by a known method was used instead of 10-[4-(1-naphthyl)
phenyl]anthracene. Mass spectral analysis confirmed that
the resultant was a target product and had a ratio m/e of 556
with respect to its molecular weight, i.e., 556.22.

Synthesis of Compound 93 (Compound 19 in the
Following Formulae)

[0437]

[Cherm. 146]

_—

Pd(PPh3)y
NayCOs aq
toluene

Br

Satadal
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[0438] Synthesis was performed in the same manner as in
the synthesis of Compound 75 except that: 1-bromophenan-
threne was used instead of 2-iodophenanthrene; and 10-(4-
biphenyl)anthracene-9-boronic acid synthesized by a known
method was used instead of 10-[4-(1-naphthyl)phenyl]an-
thracene. Mass spectral analysis confirmed that the resultant
was a target product and had a ratio m/e of 506 with respect
to its molecular weight, i.e., 506.20.

Synthesis of Compound 94 (Compound 20 in the
Following Formulae)

[0439]

[Chem. 147]

e
B(OH),

Pd(PPhs),
NayCOsaq
toluene

@
/

[0440] Synthesis was performed in the same manner as in
the synthesis of Compound 75 except that: 1-bromophenan-
threne was used instead of 2-iodophenanthrene; and 10-(3-
biphenyl)anthracene-9-boronic acid synthesized by a known
method was used instead of 10-[4-(1-naphthyl)phenyl]an-
thracene. Mass spectral analysis confirmed that the resultant
was a target product and had a ratio m/e of 506 with respect
to its molecular weight, i.e., 506.20.
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Synthesis of Compound 95 (Compound 21 in the
Following Formulae)

[0441)

[Cherm. 148]

&
oa®
QO

Br O

Pd(PPhs)y
Na,COsaq
toluene

B(OH),

[0442] Synthesis was performed in the same manner as in
the synthesis of Compound 75 except that: 1-bromophenan-
threne was used instead of 2-iodophenanthrene; and 10-(2-
biphenyl)anthracene-9-boronic acid synthesized by a known
method was used instead of 10-[4-(1-naphthyl)phenyljan-
thracene. Mass spectral analysis confirmed that the resultant

was a target product and had a ratio m/e of 506 with respect
to its molecular weight, i.e., 506.20.

21

Example 73

[0443] An organic EL device was formed in the same
manner as in Example 1 except that Compound 75 was used.

[Example 74] to [Example 101]

[0444] An organic EL device was produced in the same
manner as in Example 73 except that the Compound of Table
3 shown below was used instead of Compound 75. Further,
the organic EL device was produced in the same manner
except that the Compound of Table 3 shown below was used
instead of D-1.

Comparative Example 11

[0445] An organic EL device was produced in the same
manner as in Example 73 except that Compound (C) shown
above was used instead of Compound 75.

Comparative Example 12

[0446] An organic EL device was produced in the same
manner as in Example 73 except that Compound (F) shown
above was used instead of Compound 75.
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Comparative Example 13

[0447] An organic FL device was produced in the same
manner as in Example 73 except that Compound (D) shown
above was used instead of Compound 75.

Comparative Example 14

[0448] An organic EL device was produced in the same
manner as in Example 73 except that Compound (I) shown
above was used instead of Compound 75.

Comparative Example 15

[0449] An organic ELL device was produced in the same
manner as in Example 73 except that Compound (J) shown
above was used instead of Compound 75.

[0450] (1) Initial performance: Each device was evaluated
for its current efficiency (cd/A) at a current density of 10
mA/cm®. (2) Lifetime: Each device was driven with a
constant current at an initial luminance of 1000 cd/cm?, and
was evaluated for the half lifetime of its luminance.

[0451] Table 3 summarizes the results of device evalua-
tion.
TABLE 3
Current
Example No. Host Dopant efficiency Lifetime
73 Compound 73 D-1 7.5 9000
74 Compound 76 D-1 7.5 9000
75 Compound 77 D-1 7.5 9000
76 Compound 78 D-1 7.5 9000
77 Compound 79 D-1 7.5 9000
78 Compound 80 D-1 7.5 9000
79 Compound 81 D-1 7.5 9000
80 Compound 82 D-1 73 10,000
81 Compound 83 D-1 7.3 10,000
82 Compound 84 D-1 7.3 10,000
83 Compound 83 D-1 73 10,000
84 Compound 86 D-1 73 10,000
85 Compound 87 D-1 7.3 10,000
86 Compound 88 D-1 73 10,000
87 Compound 89 D-1 7.1 10,000
88 Compound 90 D-1 7.1 10,000
89 Compound 91 D-1 7.1 10,000
90 Compound 92 D-1 7.1 10,000
91 Compound 93 D-1 7.1 10,000
92 Compound 94 D-1 7.1 10,000
93 Compound 93 D-1 7.1 10,000
94 Compound 81 D-2 73 11,000
95 Compound 86 D-2 73 11,000
96 Compound 89 D-2 73 11,000
97 Compound 94 D-2 73 11,000
98 Compound 81 D-3 75 12,000
99 Compound 86 D-3 75 12,000
100 Compound 89 D-3 7.5 12,000
101 Compound 94 D-3 75 12,000
Comparative ~ Compound (C) D-1 6.0 4000
Example 11
Comparative Compound (F) D-1 6.0 3000
Example 12
Comparative ~ Compound (D) D-1 6.0 5000
Example 13
Comparative Compound (I) D-1 6.0 1000
Example 14
Comparative Compound (J) D-1 5.2 500
Example 15
INDUSTRIAL APPLICABILITY
[0452] As described hereinabove in detail, an organic EL

device using the anthracene derivative having a phenanthryl
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group of the present invention has high luminous efficiency
and a long lifetime. Further, the device emits blue light with
high luminous efficiency and high color purity, and is
excellent in film formability. Accordingly, the device is
useful as a light source such as a flat emitter for a wall-hung
television or a backlight for a display.

1-27. (canceled)

28. An anthracene derivative, comprising a phenanthryl
group, the anthracene derivative being represented by for-
mula (1-1):

{1-1)

R,

/N
~ T
A

(Rb)q L AN\ S— —_—

o\

wherein:
L! represents a single bond;
Ar' represents a group represented by formula (2):

(RY),

®

4
T ar

a substituted or unsubstituted fused aromatic ring group
having 10 to 50 ring-forming carbon atoms, a substi-
tuted or unsubstituted fluorenyl group, a substituted or
unsubstituted indenyl group, or a substituted or unsub-
stituted heterocyclic group having 5 to 50 ring-forming
atoms, provided that

when Ar* represents a group except a group represented
by formula (2), and a l-position of the phenanthryl
group is bonded to an anthracene skeleton, Ar' repre-
sents a group except an unsubstituted 1-phenanthryl
group,

when Ar* represents a group except a group represented
by formula (2), and a 2-position of the phenanthryl
group is bonded to the anthracene skeleton, Ar' repre-
sents a group except a substituted or unsubstituted
2-phenanthryl group, and

when Ar' represents a group except a group represented
by formula (2), and a 3-position of the phenanthryl
group is bonded to the anthracene skeleton, Ar' repre-
sents a group except an unsubstituted 3-phenanthryl
group;

substituents R, R%, and R” each independently represent
a substituted or unsubstituted alkyl group having 1 to
20 carbon atoms, a substituted or unsubstituted alkenyl
group having 2 to 50 carbon atoms, a substituted or
unsubstituted alkynyl group having 2 to 50 carbon
atoms, a substituted or unsubstituted aralkyl group
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having 7 to 20 carbon atoms, a substituted or unsub-
stituted cycloalkyl group having 3 to 20 carbon atoms,
a substituted or unsubstituted alkoxyl group having 1 to
20 carbon atoms, a substituted or unsubstituted aryloxy
group having 6 to 20 ring-forming carbon atoms, a
substituted or unsubstituted aryl group having 6 to 50
ring-forming carbon atoms, a substituted or unsubsti-
tuted heteroaryl group having 5 to 50 ring-forming
atoms, a substituted or unsubstituted alkylsilyl group
having 1 to 30 carbon atoms, a substituted or unsub-
stituted arylsilyl group having 6 to 50 ring-forming
carbon atoms, a substituted or unsubstituted alkylger-
manium group having 1 to 50 carbon atoms, or a
substituted or unsubstituted arylgermanium group hav-
ing 6 to 50 ring-forming carbon atoms,

9

p” represents an integer of 1 to §;

[Tl [Taxt)

q” represents an integer of 0 to 9; and “y” represents an
integer of 0 to 4;

[Tt [Tt [Tt

when “p” represents 2 to 8, “q” represents 2 to 9, or “y
represents 2 to 4, a plurality of R*’s, a plurality of R*’s,
or a plurality of R”’s are identical to or different from
each other, provided that a case where all R*, R, and
R? each represent an anthracenyl group is excluded;
and

Ar” represents a substituent selected from the group con-
sisting of a substituted or unsubstituted phenyl group,
a substituted or unsubstituted indenyl group, a substi-
tuted or unsubstituted fluorenyl group, a substituted or
unsubstituted benzofluorenyl group, a substituted or
unsubstituted dibenzofluorenyl group, a substituted or
unsubstituted naphthyl group, a substituted or unsub-
stituted phenanthryl group, a substituted or unsubsti-
tuted anthracenyl group, a substituted or unsubstituted
benzanthracenyl group, a substituted or unsubstituted
naphthaceny] group, a substituted or unsubstituted fluo-
ranthenyl group, a substituted or unsubstituted benzo-
fluoranthenyl group, a substituted or unsubstituted tri-
phenylenyl group, a substituted or unsubstituted
chrysenyl group, a substituted or unsubstituted pyrenyl
group, a substituted or unsubstituted benzophenanthryl
group, a substituted or unsubstituted benzochrysenyl
group, and a substituted or unsubstituted heterocycle
comprising group having 3 to 50 nucleus forming
atoms,

when Ar® has a plurality of substituents, a plurality of
adjacent substituents are optionally bonded to each
other to form a saturated or unsaturated divalent group
that completes a ring, when a phenanthrene skeleton is
bonded at its 1- or 2-position to the anthracene skel-
eton, Ar° represents a group except an unsubstituted
phenyl group, and when the phenanthrene skeleton is
bonded at its 3-position to the anthracene skeleton, R*
and Ar” each represent a group except an unsubstituted
carbazolyl group

29. The anthracene derivative according to claim 28,
wherein the 1- or 2-position of the phenanthryl group is
bonded to the anthracene skeleton.

30. The anthracene derivative according to claim 28,
wherein the 3- or 4-position of the phenanthryl group is
bonded to the anthracene skeleton.

31. The anthracene derivative according to claim 28,
wherein the 2-position of the phenanthryl group is bonded to
the anthracene skeleton.
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32. The anthracene derivative according to claim 28,
wherein R* represents a substituted or unsubstituted aryl
group having 6 to 50 ring-forming carbon atoms.

33: The anthracene derivative according to claim 28,
wherein R represents a substituted or unsubstituted aryl
group having 6 to 20 ring-forming carbon atoms.

34. The anthracene derivative according to claim 28,
wherein R comprises one of a substituted or unsubstituted
phenyl group, a substituted or unsubstituted naphthyl group,
and a substituted or unsubstituted biphenyl group.

35. The anthracene derivative according to claim 28,
wherein “p” represents 1 or 2.

36. The anthracene derivative according to claim 28,
wherein “p” represents 1.

37. The anthracene derivative according to claim 28,
wherein “p” represents 1, and R* comprises one of a sub-
stituted or unsubstituted phenyl group, a substituted or
unsubstituted naphthyl group, and a substituted or unsub-
stituted biphenyl group.

38. The anthracene derivative according to claim 28,
wherein Ar' represents a group represented by the general
formula (2).

39. The anthracene derivative according to claim 28,
wherein Ar' represents a substituted or unsubstituted fused
aromatic ring group having 10 to 50 ring-forming carbon
atoms.

40. The anthracene derivative according to claim 28,
wherein Ar' represents a substituted or unsubstituted fused
aromatic ring group having 10 to 50 ring-forming carbon
atoms, and the fused aromatic ring group having 10 to 50
ring forming carbon atoms represents a naphthyl group, a
naphthacenyl group, an anthranyl group, a phenanthryl
group, a pentacenyl group, a picenyl group, chrysenyl group,
a benzophenanthryl group, a triphenyleny! group, a benzan-
thranyl group, a benzochrysenyl group, a fluoranthenyl
group, a benzofluoranthenyl group, a benzofluorenyl group,
and a dibenzofluorenyl group.

41. The anthracene derivative according to claim 28,
wherein Ar' is a substituted or unsubstituted naphthy] group.

42. The anthracene derivative according to claim 28,
wherein Ar' is an aryl-substituted or unsubstituted naphthyl
group.

43. The anthracene derivative according to claim 28,
wherein Ar' is selected from the group consisting of a
substituted or unsubstituted benzophenanthryl group, a sub-
stituted or unsubstituted triphenylenyl group, a substituted
or unsubstituted benzofluorenyl group, and a substituted or
unsubstituted fluoranthenyl group.

44. The anthracene derivative according to claim 28,
wherein Ar' represents a group represented by the general
formula (2), and Ar* comprises a substituted or unsubstituted
phenyl group, or a substituted or unsubstituted naphthyl
group.

45. The anthracene derivative according to claim 28,
wherein Ar' represents a substituted or unsubstituted het-
erocyclic group having 5 to 50 ring-forming atoms.

46. The anthracene derivative according to claim 28,
wherein Ar' represents a substituted or unsubstituted het-
erocyclic group having 5 to 50 ring-forming atoms, and the
heterocyclic group having 5 to 50 ring-forming atoms rep-
resents a pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, a pyridazinyl group, a triazinyl group, an indolinyl
group, a quinolinyl group, an acridinyl group, a pyrrolidinyl
group, a dioxanyl group. a piperidinyl group, a morpholyl
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group, a piperazinyl group, a carbazolyl group, a furanyl
group, a thiophenyl group, an oxazolyl group, an oxadiaz-
olyl group, a benzoxazolyl group, a thiazolyl group, a
thiadiazolyl group, a benzothiazolyl group, a triazolyl group,
an imidazolyl group, a benzimidazolyl group, a benzofura-
nyl group, a dibenzofuranyl group.

47. The anthracene derivative according to claim 28,
wherein Ar' is a substituted or unsubstituted dibenzofuranyl
group.

48. The anthracene derivative according to claim 28,
wherein Ar' represents a group represented by the general
formula (2), and Ar* comprises a substituted or unsubstituted
heterocycle comprising group having 3 to 50 nucleus form-
ing atoms.

49. The anthracene derivative according to claim 28,
wherein Ar' represents a group represented by the general
formula (2), and Ar* comprises a substituted or unsubstituted
heterocycle comprising group having 3 to 50 nucleus form-
ing atoms, and the heterocycle comprising group having 3 to
50 nucleus forming atoms represents a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
a triazinyl group, an indolinyl group, a quinolinyl group, an
acridiny] group, a pyrrolidinyl group, a dioxanyl group, a
piperidinyl group, a morpholyl group, a piperazinyl group,
a carbazolyl group, a furanyl group, a thiophenyl group, an
oxazolyl group, an oxadiazolyl group. a benzoxazolyl group,
a thiazolyl group, a thiadiazolyl group, a benzothiazolyl
group, a triazolyl group, an imidazolyl group, a benzimida-
zolyl group, a benzofuranyl group, a dibenzofuranyl group.

50. The anthracene derivative according to claim 28,
wherein Ar' represents a group represented by the general
formula (2), and Ar* comprises a substituted or unsubstituted
dibenzofuranyl group.

51. The anthracene derivative according to claim 28,
wherein the anthracene derivative comprises a material for
an organic electroluminescence device.

52. The anthracene derivative according to claim 28,
wherein the anthracene derivative comprises a light emitting
material for an organic electroluminescernce device.

53. An organic electroluminescence device comprising
one or more organic thin film layers including a light
emitting layer between a cathode and an anode, wherein at
least one layer of the organic thin film layers contains the
anthracene derivative according to claim 28.

54. The organic electroluminescence device according to
claim 53, wherein the light emitting layer contains the
anthracene derivative.

55. The organic electroluminescence device according to
claim 53, wherein the anthracene derivative comprises a host
material.

56. The organic electroluminescence device according to
claim 53, wherein the light emitting layer further contains at
least one of a fluorescent dopant and a phosphorescent
dopant.

57. The organic electroluminescence device according to
claim 56, wherein the fluorescent dopant comprises an
arylamine compound.

58. The organic electroluminescence device according to
claim 56, wherein the fluorescent dopant comprises a
styrylamine compound.

59. The organic electroluminescence device according to
claim 56, wherein the fluorescent dopant comprises a fused
ring amine derivative represented by the following general
formula (5):
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©)

wherein

a substituent R® represents a substituted or unsubstituted
alkyl group having 1 to 20 carbon atoms, a substituted
or unsubstituted alkenyl group having 2 to 50 carbon
atoms, a substituted or unsubstituted alkynyl group
having 2 to 50 carbon atoms, a substituted or unsub-
stituted aralkyl group having 7 to 20 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3
to 20 carbon atoms, a substituted or unsubstituted
alkoxy group having 1 to 20 carbon atoms, a substituted
or unsubstituted aryloxy group having 6 to 20 ring-
forming carbon atoms, a substituted or unsubstituted
aryl group having 6 to 50 ring-forming carbon atoms,
a substituted or unsubstituted alkylsilyl group having 1
to 30 carbon atoms, a substituted or unsubstituted
arylsilyl group having 6 to 50 ring-forming carbon
atoms, a substituted or unsubstituted alkylgermanium
group having 1 to 50 carbon atoms, or a substituted or
unsubstituted arylgermanium group having 6 to 50
ring-forming carbon atoms;

“t” represents an integer of 0 to 10; and

Ar® to Ar® each represent a substituted or unsubstituted

aryl group having 6 to 20 ring-forming carbon atoms,
or a substituted or unsubstituted heteroaryl group hav-
ing 5 to 20 ring-forming atoms.

60. The organic electroluminescence device according to
claim 56, wherein the fluorescent dopant comprises a fused
ring amine derivative represented by the following general
formula (6):

©)

wherein

a substituent R” represents a substituted or unsubstituted
alkyl group having 1 to 20 carbon atoms, a substituted
or unsubstituted alkenyl group having 2 to 50 carbon
atoms, a substituted or unsubstituted alkynyl group
having 2 to 50 carbon atoms, a substituted or unsub-
stituted aralkyl group having 7 to 20 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3
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to 20 carbon atoms, a substituted or unsubstituted
alkoxy group having 1 to 20 carbon atoms, a substituted
or unsubstituted aryloxy group having 6 to 20 ring-
forming carbon atoms, a substituted or unsubstituted
aryl group having 6 to 50 ring-forming carbon atoms,
a substituted or unsubstituted alkylsilyl group having 1
to 30 carbon atoms, a substituted or unsubstituted
arylsilyl group having 6 to 50 ring-forming carbon
atoms, a substituted or unsubstituted alkylgermanium
group having 1 to 50 carbon atoms, or a substituted or
unsubstituted arylgermanium group having 6 to 50
ring-forming carbon atoms;

“u” represents an integer of 0 to 8; and

Ar’ to Ar'® each represent a substituted or unsubstituted
aryl group having 6 to 20 ring-forming carbon atoms,
or a substituted or unsubstituted heteroaryl group hav-
ing 5 to 20 ring-forming atoms.

I I T T
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