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Description
TECHNICAL FIELD

[0001] The present invention relates to an organic light-emitting device (OLED), especially for flat panel displays or
backlights used therein, and the present invention relates to a light emitting material for OLED.

BACKGROUND ART

[0002] Since 1987 when C. W. Tang et al. of Kodak demonstrated high illumination light emission of an organic light
emitting device (Appl. Phys. Lett., Vol., 51, page 913, 1987), development of materials for organic light emitting devices
and improvement of device structure have been rapidly made. Recently, organic light emitting devices have gone into
practical use firstly in displays for car audio sets, cellular phones and the like. Currently, to put such organic electrolu-
minescent (EL) devices to a wider range of uses, development of materials for improving the light emission efficiency
and durability, or development for applying them to full color displays are being actively made. In particular, on considering
the use wide-spreading to the medium- or large-size panel or illumination, the high luminance must be more intensified
by improving the light emission efficiency.

[0003] As such light emitting materials, metal complexes such as aluminum quinolinium complexes (Alqgs), which has
good light emission efficiency so that light emission intensity is high, have been commonly used. For forming such low
molecular weight materials into a light emitting layer of an organic light emitting device, vacuum deposition and the like
techniques have been used. This has been considered to be a demerit in the production process of the organic light
emitting devices. Nature, Vol. 397, page 121 (1999) discloses that n-electron conjugated polymers such as poly(para-
phenylene-vinylene) (PPV) and derivatives thereof (MEH-PPV) can serve as a light emitting material. These polymers
have begun to be partially used as a backlight of a clock and the like. These polymer materials have not only a merit in
production process because they can be formed into films by a casting method but also a merit in an increased durability
as compared with low molecular weight light emitting materials. However, they have a demerit in that they have low light
emission efficiency as compared with the low molecular weight light emitting materials.

[0004] In the light emitting materials as mentioned above, use is made of light emission from an excited singlet state,
that is, fluorescence. According to the description at page 58 of Monthly Display, October 1998, Separate Volume
"Organic EL Display", the upper limit of the internal quantum efficiency of light emission in an organic EL has been
considered to be 25% from the ratio of an excited singlet state to an excited triplet state generated by electric excitation
being 1:3.

[0005] On the contrary, by using an iridium complex emitted by phosphorescence from an excited triplet state, M. A.
Baldo et al. indicated that it is possible to obtain an external quantum efficiency of 7.5% (this corresponding to an internal
quantum efficiency of 37.5% assuming that the light out-coupling efficiency is 20%), which is higher than the external
quantum efficiency of 5%, which has conventionally been considered to be the uppermost value (Appl. Phys. Lett., Vol.
75, page 4 (1999), WO00/70655) . However, materials that stably emit phosphorescence at room temperature as the
iridium complex as used in the prior art cited here are extremely rare so that freedom of selection of materials is narrow
and they must be doped to a specified host compound when actually used. Therefore, the conventional materials have
the disadvantage that selection of materials that satisfy the specification of a display is extremely difficult to make.
[0006] On the other hand, M. A. Baldo et al., also indicated that a relatively good light emission efficiency can be
obtained by using an iridium complex as a sensitizer, transferring energy from an excited triplet state of the complex to
an excited singlet state of a fluorescent dye, and finally emitting fluorescence from the excited singlet state of the
fluorescent dye (Nature, Vol. 403, page 750 (2000)). This method has the advantage in that from a number of fluorescent
dyes, one that is suitable for the purpose can be selected and used. However, this process has the great disadvantage
in that it has low quantum efficiency of light emission in principle since it involves a spin-forbidden process of transferring
energy from an excited triplet state of a sensitizer to an excited singlet state of a fluorescent dye.

[0007] Next, concerning the mass production method of panels, conventionally a vacuum deposition method has been
used. However, the vacuum deposition method cannot be always suitable for mass production of panels having large
areas since they have the problems in that they require a vacuum equipment and it becomes more difficult to forming
an organic thin film so as to have a uniform thickness according as the film has a larger area.

[0008] In order to improve the disadvantage, a production method using a polymer light emitting material, that is, an
ink j et method and a printing method have been developed as methods that facilitate the production of large area
products. In particular, the printing method can continuously form a long film so that it is excellent in the production of
large area products and in mass productivity.

[0009] As described above, in order to obtain an organic light emitting device having a high light emission efficiency
and having a large area, a phosphorescent polymer material is required. As such phosphorescent polymer materials,
polymers incorporating ruthenium complexes in the main chains or side chains of the polymers are known (Ng, P. K. et
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al., Polymer Preprints., Vol. 40 (2), page 1212 (1999)). These compounds are ionic compounds and application of a
voltage thereto causes electrochemical light emission due to the oxidation reduction reaction at the electrodes. The
electrochemical light emission shows an extremely slow response in the order of minutes so that they are unsuitable for
usual display panels.

[0010] In addition, there is a composition of poly(N-vinylcarbazole) mixed or dispersed with a low molecular weight
phosphorescent compound, an iridium complex, although it cannot be said to be a polymer material in a strict sense (P.
J. Djurovich et al., Polymer Preprints, Vol. 41 (1), page 770 (2000)). However, there is,a possibility that this material is
poor in heat stability as compared with homogeneous polymer materials and tend to cause phase separation or segre-
gation.

[0011] Japanese Patent Application Laid-open No. 2001-181616, Japanese Patent Application Laid-open No.
2001-181617, and Japanese Patent Application Laid-open No. 2001-247859 disclose organic light emitting materials
composed of phosphorescent ortho-metallized palladium complex, ortho-metallized platinum complex and ortho-metal-
lized iridium complex, respectively, and also refer to polymer compounds having these complex structures as repeating
units. However, these publications fail to disclose specific exemplification of the structure and method of preparing
polymers that are necessary for forming polymers by binding the complex structures as the repeating units disclosed in
the publications and discloses no practically usable phosphorescent polymer compounds.

[0012] Jun, C. et al.: "A novel organic electroluminescent device using a new Eu3+ polymer as emitting layer",
Proceedings of the Spie, Spie, Bellingham, VA, US, vol. 4220, 8 November 2000 (2000-11-08), pages 255-259,
XP008005362 discloses a polymer light emitting material comprising a nonionic light emitting part being bound to and
forming part of the polymer.

[0013] Yang, M. et al.: "Monochromatic-red-light emission of novel copolymers containing carbozole units and euro-
pium-acrylate complexes", Journal of Polymer Science, Polymer Chemistry Edition, John Wiley and Sons, New York,
US, vol. 38, no. 18, 15 September 2000 (2000-09-15), pages 3405-3411, XP001086543, ISSN: 0887-624X discloses
monochromatic red light emission of copolymers containing carbazole units and europium (1,10-phenanthro-
line)-tris-(benzoylacetonate) [Eu(BA)3(phen)] complexes forming part of said polymers.

[0014] EP-A-1245 659 is prior art under Art. 54(3) and (4) EPC and discloses a polymeric light emitting material and
a corresponding polymer light emitting device using said polymer light emitting material, comprising specific polymeric
light emitting substances. The polymers have metal complex structure and show light emission from triplet excited state
with repeating units having iridium, platinum, osmium and europium metal complexes.

[0015] EP-A-1 138 746 is prior art under Art. 54(3) and (4) EPC and discloses a polymeric light emitting material
comprising a nonionic light emitting part which constitutes a part of the polymer or is bound to the polymer.

[0016] WO 02/068435 is prior art under Art. 54(3) and (4) EPC and discloses polymeric light emitting materials con-
taining rhodium or iridium complexes.

DISCLOSURE OF THE INVENTION

[0017] As described above, there has been no light emitting material for organic light emitting devices having an
external quantum efficiency that exceeds 5%, which has been conventionally said to be the limit value of the external
quantum efficiency of fluorescence. In addition, materials having high efficiencies of light emission have been demanded
from the viewpoint of improvement in durability of the device since they have a small energy loss so that heat generation
of the device can be prevented. Accordingly, an object of the present invention is to overcome the above-mentioned
problems of the prior art and to provide an organic light emitting device having high luminance and high durability and
a light emitting material for use therein.

[0018] As a result of extensive studies with a view to solving the above-mentioned problems, the inventors of the
present invention have found that binding a light emitting substance to a polymer can give rise to light emission of high
efficiency from an excited triplet state, thus achieving the present invention.

[0019] The expression "binding to a polymer" as used herein means that a light emitting substance is immobilized by
some action of the polymer. The method of immobilization is not particularly limited and includes immobilization by
chemical bonds or physical bonds, such as covalent bond, coordinate bond, formation of charge transfer complex, ion
bond, van der Waals force, and host-guest bond, e.g., intercalation.

[0020] In the present invention, a part of the structure of light emitting substance may forms a part of the polymer
whereto the light emitting substance is bound, or a part of the ligand of the complex being a light emitting substance
may be incorporated into the polymer.

[0021] Also, the presentinventors have found that a polymer light emitting material obtained by forming a polymerizable
composition containing at least one light emitting compound into a film and then polymerizing it has good durability and
good processability and that immobilizing the light emitting substance (light emitting part) with a polymer can give rise
to light emission of high efficiency from an excited triplet state or light emission of high efficiency through an excited
triplet state, thus achieving the present invention.
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[0022] Thatis, the present invention relates to the following light emitting materials and light emitting devices.

[1] A polymer light-emitting material obtainable by polymerizing a polymerizable composition comprising a polym-
erizable light-emitting compound, wherein the polymerizable light-emitting compound is selected from a polymeriz-
able iridium complex and a polymerizable platinum complex and contains a polymerizable functional group having
a carbon-carbon double bond.

[2] The polymer light-emitting material according to claim 1, wherein the polymerizable light-emitting compound is
selected from an iridium complex and a platinum complex and has a coordinate bond between a nitrogen atom of
a ligand containing a pyrimidine skeleton and/or a quinoline skeleton and iridium or platinum.

[3] The polymer light emitting material according to [1], wherein the polymerizable light emitting compound is a
polymerizable compound represented by the formula (C-1) below:

,R¥a¢ R* RSRG

wherein at least one of AC, BC, and CC€ represents a substituent having a polymerizable functional group, and the
remainder of AC, BC, and CC independently represent a hydrogen atom, a halogen atom, a nitro group, an amino
group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which
may have one or more heteroatoms; and R! to R2! independently represent a hydrogen atom, a halogen atom, a
nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20
carbon atoms which may have one or more heteroatoms.

[4] The polymer light emitting material according to [1] , wherein the polymerizable light emitting compound is a
polymerizable compound represented by the formula (D-1) below:

(D-1)

R-] RB Rg R10

wherein at least one of X'P, Y1D, and Z'D represents a substituent having a polymerizable functional group, and
the remainder of XD, Y1D, and Z'D independently represent a hydrogen atom, or an organic group having 1 to 20
carbon atoms which may have one or more heteroatoms; and R to R16 independently represent a hydrogen atom,
a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic
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group having 1 to 20 carbon atoms which may have one or more heteroatoms.

[5] The polymer light emitting material according to [1], wherein the polymerizable light emitting compound is a
polymerizable compound represented by the formula (E-1) below:

(E-1)

wherein XE represents a substituent having a polymerizable functional group; R'E, R2E and R3E independently
represents a hydrogen atom, a halogen atom, or an organic group having 1 to 20 carbon atoms; and R4 to R19
independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a
sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms.
[6] The polymer light emitting material according to [1], wherein the polymerizable light emitting compound is a
polymerizable compound represented by the formula (F-1) below:

(F-1)

wherein at least one of X1F, YF, and Z'F represents a substituent having a polymerizable functional group, and the
remainder of X1F, Y1F and Z'F independently represent a hydrogen atom, a halogen atom, or an organic group
having 1 to 20 carbon atoms which may have one or more heteroatoms; and R to R'6 independently represent a
hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group,
or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms.

[7] The polymer light emitting material according to [1], wherein the polymerizable light emitting compound is a
polymerizable compound represented by the formula (G-1) below:
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(G-1)

wherein L represents a monovalent anionic bidentate ligand; XC represents a substituent having a polymerizable
functional group; and R to R7 independently represent a hydrogen atom, a halogen atom, a nitro group, an amino
group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which
may have one or more heteroatoms.

[8] The polymer light-emitting material according to any one of [1] to [7], wherein at least one polymerizable light-
emitting compound is a crosslinking polymerizable light-emitting compound having two or more polymerizable func-
tional groups and the polymer compound obtained by the polymerization is a crosslinked polymer.

[9] The polymer light-emitting material according to any one of [1] to [8], wherein the polymerizable functional group
having a carbon-carbon double bond is radically polymerizable.

[10] A light emitting composition comprising the polymer light emitting material according to any one of [1] to [9],
and a carrier transporting polymer compound.

[11] The light emitting composition according to [10], wherein the carrier transporting polymer compound is a hole
transporting polymer compound.

[12] The light emitting composition according to [10], wherein the carrier transporting polymer compound is an
electron transporting polymer compound.

[13] A light emitting composition comprising the light emitting material according to any one of [1] to [9], and a carrier
transporting low molecular weight compound.

[14] The light emitting composition according to [13], wherein the carrier transporting low molecular weight compound
is a hole transporting low molecular weight compound.

[15] The light emitting composition according to [13], wherein the carrier transporting low molecular weight compound
is an electron transporting low molecular weight compound.

[16] A layer containing a light emitting material for organic light emitting device, wherein a light emitting material is
a polymer light emitting material described in [1].

[17] The layer containing a light emitting material for organic light emitting device according to [16], obtained by
forming into a film a polymer light emitting material described in [1].

[18] The layer containing a light emitting material for organic light emitting device according to [17], wherein the
polymer light emitting material has no crosslinking structure.

[19] The layer containing a light emitting material for organic light emitting device according to [16], wherein the
polymer light emitting material is obtained by forming a polymerizable composition containing at least one light
emitting compound into a film and then polymerizing it.

[20] The layer containing a light emitting material for organic light emitting device according to [19], wherein the
polymer light emitting material has no crosslinking structure.

[21] The layer containing a light emitting material for organic light emitting device according to [19], wherein the
polymer light emitting material has a crosslinking structure.

[22] An organic light emitting device comprising the polymer light emitting material according to any one of [1] to [9].
[23] The organic light emitting device according to [22], comprising a light emitting layer comprising the polymer
light emitting material described in any one of [1] to [9] having both sides or one side thereof an electron transporting
layer of a coated type, and/or a hole transporting layer of a coated type.

[0023] Polymerizable compounds are represented by [A1] to [A3], [B1] to [B2], [C1] to [C60], [D1] to [D38], [E1] to
[E34], [F1] to [F38], and [G1] to [G26] below.

[A1] A polymerizable compound which is a metal complex having one or more ligands, wherein at least one ligand
is a bidentate ligand having pyridine ring which may have one or more substituents, and at least one ligand including
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the bidentate ligand above has a polymerizable functional group.

[A2] The polymerizable compound according to [A1], wherein a metal of the metal complex is iridium.

[A3] The polymerizable compound according to [A1] or [A2], wherein the bidentate ligand having pyridine ring is
phenylpyridine or benzothienylpyridine.

[B1] A polymerizable compound represented by the formula (B-1) :

wherein Q represents a bidentate ligand having one or more polymerizable functional groups, and R to R16 inde-
pendently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a
sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms.
[B2] A polymerizable compound represented by the formula (B-2) :

(B-2)

wherein Q represents a bidentate ligand having one or more polymerizable functional groups, and R' to R6 inde-
pendently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a
sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms.
[C1] A polymerizable compound represented by the formula (C-1) :
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(C-1)

wherein at least one of AC, BC, and CC€ represents a substituent having a polymerizable functional group, and the
remainder of AC, B¢, and C¢ independently represent a hydrogen atom, a halogen atom, a nitro group, an amino
group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which
may have one or more heteroatoms; and R! to R2! independently represent a hydrogen atom, a halogen atom, a
nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20
carbon atoms which may have one or more heteroatoms.

[C2] The polymerizable compound according to [C1] above, wherein at least one of AC, BC, and CC in the formula
(C-1) is a substituent having an acrylate group or a methacrylate group.

[C3] The polymerizable compound according to [C2] above, wherein one of AC, BC, and CC in the formula (C-1) is
a substituent having an acrylate group or a methacrylate group.

[C4] A polymerizable compound represented by the formula (C-2) :

(C-2)

wherein R! and R2 independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a
sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have
one or more heteroatoms.

[C5] The polymerizable compound according to [C4] above, wherein both R! and R2 in the formula (C-2) are a
hydrogen atom.

[C6] A polymerizable compound represented by the formula (C-3) :
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i
H,C=C~(-0 (CHj) ,~NH-C~0
o! 0

R (c-3)

wherein R! and R2 independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a
sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have
one or more heteroatoms.

[C7] The polymerizable compound according to [C6] above, wherein both R! and R? in the formula (C-3) are a
hydrogen atom.

[C8] The polymerizable compound according to [C2] above, wherein two of AC, BC, and C€ in the formula (C-1) are
substituents having an acrylate group or a methacrylate group.

[C9] A polymerizable compound represented by the formula (C-4) :

wherein R’ represents a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a
sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms.
[C10] The polymerizable compound according to [C9] above, wherein R in the formula (C-4) is a hydrogen atom.
[C11] A polymerizable compound represented by the formula (C-5) :

10
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g
H,C=C-C-0 (CHj) ,~NH-C-0
o o)
e
O-C-NH- (CH,) ,~0-C-C~CH,
0 o)
(C-5)

wherein R represents a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acrid group, a
sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms.
[C12] The polymerizable compound according to [C11] above, wherein R in the formula (C-5) is a hydrogen atom.
[C13] The polymerizable compound according to [C2] above, wherein all of AC, BC, and CC in the formula (C-1) are
a substituent having an acrylate group or a methacrylate group.

[C14] A polymerizable compound represented by the formula (C-6) :

Gt
OCC=CH2 (C"6)

o
H2C=Cﬁo
O

[C15] A polymerizable compound represented by the formula (C-7) :

11



10

15

20

25

30

35

40

45

50

55

EP 1 407 501 B1

i
H,C=C~C~0 (CH,) ,~NH-C-0
o)
s
O-C-NH- (CH,) ,~0-C-C=CH,
o) 0
¢Hs \_/ (C=7)
H,C=C-C~0(CH,) ,~NH-C-0
o) o)

[C16] A polymer obtained by polymerizing the polymerizable compound represented by the formula (C-1):

(C-1)

wherein at least one of AC, BC, and CC represents a substituent having a polymerizable functional group, and the
remainder of AC, BC, and CC independently represent a hydrogen atom, a halogen atom, a nitro group, an amino
group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which
may have one or more heteroatoms; and R' to R2! independently represent a hydrogen atom, a halogen atom, a
nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20
carbon atoms which may have one or more heteroatoms.

[C17] The polymer according to [C16] above, wherein at least one of AC, BC, and CC in the formula (C-1) is a
substituent having an acrylate group or a methacrylate group.

[C18] The polymer according to [C17] above, wherein one of AC, BC, and CC in the formula (C-1) is a substituent
having an acrylate group or a methacrylate group.

[C19] A polymer obtained by polymerizing the polymerizable compound represented by the formula (C-2):

12
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R (C-2)

wherein R! and R2 independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a
sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have
one or more heteroatoms.

[C20] The polymer according to [C19] above, wherein both R! and R2 in the formula (C-2) are a hydrogen atom.
[C21] A polymer obtained by polymerizing the polymerizable compound represented by the formula (C-3):

o
H2C=C_(I%—O (CHz) Z_NH—%-O
0 0

R (c-3)

wherein R! and R2 independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a
sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have
one or more heteroatoms.

[C22] The polymer according to [C21] above, wherein both R! and R2 in the formula (C-3) are a hydrogen atom.
[C23] The polymer according to [C17] above, wherein two of AC, BC, and CC in the formula (C-1) are substituents
having an acrylate group or a methacrylate group.

[C24] A polymer obtained by polymerizing the polymerizable compound represented by the formula (C-4):
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G
OCC=CH, (C-4)

R

wherein R’ represents a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a
sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms.
[C25] The polymer according to [C24] above, wherein R' in the formula (C-4) is a hydrogen atom.

[C26] A polymer obtained by polymerizing the polymerizable compound represented by the formula (C-5):

0"
H,C=C-C~0 (CHp) ,~NH-C~O
o

"
O-C-NH- (CH,) ;~0-C-C=CH,
0 o)
(C-5)

wherein R’ represents a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a
sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms.
[C27] The polymer according to [C26] above, wherein R' in the formula (C-5) is a hydrogen atom.

[C28] The polymer according to [C17] above, wherein all of AC, BC, and CC in the formula (C-1) are a substituent
having an acrylate group or a methacrylate group.

[C29] A polymer obtained by polymerizing the polymerizable compound represented by the formula (C-6):
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g

[C30] A polymer obtained by polymerizing the polymerizable compound represented by the formula (C-7):

CH,
H2C=C—(I'T'—O (CHz) ?‘—NH—(l%_O
0 0]
o
O-C-NH~ (CHy) ,~0-C~C=CH,
@) 0
o W o
H,C=C~C~0 (CH,) ,~NH-C-0
0 0]

[C31] A copolymer comprising at least one of monomer units derived from the polymerizable compounds represented
by any one of the formulae (C-1) to (C-7).

[C32] A method of producing a polymerizable compound containing a mononuclear iridium complex, comprising
reacting a binuclear iridium complex represented by the formula (C-8) with a phenylpyridine derivative represented
by the formula (C-9), and then reacting a reactive substituent of the reaction product with a compound having a
polymerizable functional group;
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(C-8)

wherein XC and Y€ independently represent a reactive substituent, or a hydrogen atom, a halogen atom, a nitro
group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon
atoms which may have one or more heteroatoms, and R' to R28 independently represent a hydrogen atom, a halogen
atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having
1 to 20 carbon atoms which may have one or more heteroatoms;

(C-9)

wherein ZC represents a reactive substituent, or a hydrogen atom, a halogen atom, a nitro group, an amino group,
a sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have
one or more heteroatoms, and R' to R7 independently represent a hydrogen atom, a halogen atom, a nitro group,
an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms
which may have one or more heteroatoms, provided that at least one of XC and Y€ in the formula (C-8) and Z€ in
the formula (C-9) is a reactive substituent.

[C33] The method of producing a polymerizable compound containing a mononuclear iridium complex according to
[C32] above, wherein XC and YC in the formula (C-8) independently represent a hydrogen atom, a halogen atom,
a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to
20 carbon atoms which may have one or more heteroatoms, and ZC in the formula (C-9) represents a reactive
substituent.

[C34] The method of producing a polymerizable compound containing a mononuclear iridium complex according to
[C33] above, wherein Z€ in the formula (C-9) represents a hydroxyl group.

[C35] The method of producing a polymerizable compound containing a mononuclear iridium complex according to
[C34] above, wherein the compound having a polymerizable functional group is an acid halide.

[C36] The method of producing a polymerizable compound containing a mononuclear iridium complex according to
[C34] above, wherein the compound having a polymerizable functional group is an isocyanate compound.

[C37] The method of producing a polymerizable compound containing a mononuclear iridium complex according to
[C32] above, wherein XC and Y€ in the formula (C-8) independently represent a reactive substituent, and ZC in the
formula (C-9) represents a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group,
asulfonic acid ester group, or an organic group having 1to 20 carbon atoms which may have one or more heteroatoms.
[C38] The method of producing a polymerizable compound containing a mononuclear iridium complex according to
[C37] above, wherein Z€ in the formula (C-9) represents a hydroxy! group.

[C39] The method of producing a polymerizable compound containing a mononuclear iridium complex according to
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[C38] above, wherein the compound having a polymerizable functional group is an acid halide.

[C40] The method of producing a polymerizable compound containing a mononuclear iridium complex according to
[C37] above, wherein the compound having a polymerizable functional group is an isocyanate compound.

[C41] A method of producing a polymerizable compound containing an iridium complex part, comprising reacting
an iridium complex represented by the formula (C-10) with a compound having polymerizable functional group in a
predetermined molar ratio, and optionally reacting an unreacted reactive substituent, if any, of the obtained product
with an unpolymerizable compound;

(C-10)

wherein XC represents a reactive substituent, and R to R2' independently represent a hydrogen atom, a halogen
atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having
1 to 20 carbon atoms which may have one or more heteroatoms.

[C42] The method of producing a polymerizable compound containing an iridium complex part according to [C41]
above, wherein the molar ratio of the iridium complex represented by the formula (C-10) to the compound having
a polymerizable functional group is 1: (0.5 to 1.5).

[C43] The method of producing a polymerizable compound containing an iridium complex part according to [C42]
above, wherein the reactive substituent in the formula (C-10) is a hydroxyl group. [C44] The method of producing
a polymerizable compound containing an iridium complex part according to [C43] above, wherein the compound
having a polymerizable functional group is an acid halide.

[C45] The method of producing a polymerizable compound containing an iridium complex part according to [C43]
above, wherein the compound having a polymerizable functional group is an isocyanate compound.

[C46] The method of producing a polymerizable compound containing an iridium complex part according to [C41]
above, wherein the molar ratio of the iridium complex represented by the formula (C-10) to the compound having
a polymerizable functional group is 1:(1.5 to 2.5).

[C47] The method of producing a polymerizable compound containing an iridium complex part according to [C46]
above, wherein the reactive substituent in the formula (C-10) is a hydroxyl group. [C48] The method of producing
a polymerizable compound containing an iridium complex part according to [C47] above, wherein the compound
having a polymerizable functional group is an acid halide.

[C49] The method of producing a polymerizable compound containing an iridium complex part according to [C47]
above, wherein the compound having a polymerizable functional group is an isocyanate compound.

[C50] The method of producing a polymerizable compound containing an iridium complex part according to [C41]
above, wherein the molar ratio of the iridium complex represented by the formula (C-10) to the compound having
a polymerizable functional group is 1: (2.5 or more).

[C51] The method of producing a polymerizable compound containing an iridium complex part according to [C50]
above, wherein the reactive substituent in the formula (C-10) is a hydroxyl group. [C52] The method of producing
a polymerizable compound containing an iridium complex part according to [C51] above, wherein the compound
having a polymerizable functional group is an acid halide.

[C53] The method of producing a polymerizable compound containing an iridium complex part according to [C51]
above, wherein the compound having a polymerizable functional group is an isocyanate compound.

[C54] A compound represented by the formula (C-11):
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(C-11)

wherein atleastone of XC, YC, and ZC represents a hydroxyl group, and the remainder of X©, Y€, and ZC independently
represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid
ester group, or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms; and R'
to R21 independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid
group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have one or more
heteroatoms.

[C55] The compound according to [C54] above, wherein one of X¢, YC, and ZC in the formula (C-11) is a hydroxyl group.
[C56] A compound represented by the formula (C-12):

(C-12)

[C57] The compound according to [C54] above, wherein two of XC, YC, and Z€ in the formula (C-11) are a hydroxyl

group.
[C58] A compound represented by the formula (C-13):

OH
(C-13)
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[C59] The compound according to [C54] above, wherein all of XC, YC, and ZC in the formula (C-11) are a hydroxyl

group.
[C60] A compound represented by the formula (C-14):

OH
(C-14)

[D1] A polymerizable compound represented by the formula (D-1):

(D-1)

wherein at least one of X'P, Y1D and Z1P represents a substituent having a polymerizable functional group, and
the remainder of X1D, YD, and Z1D independently represent a hydrogen atom, or an organic group having 1 to 20
carbon atoms which may have one or more heteroatoms, and R to R16 independently represent a hydrogen atom,
a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic
group having 1 to 20 carbon atoms which may have one or more heteroatoms.

[D2] The polymerizable compound according to [D1] above, wherein one of X'P or Z'D in the formula (D-1) is a
substituent having a polymerizable functional group.

[D3] A polymerizable compound represented by the formula (D-2) :
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— NSO
\ /N Tr N (D-2)

wherein XD represents a substituent having a polymerizable functional group, and Q'P and Q2P independently
represent a hydrogen atom, or an organic group having 1 to 20 carbon atoms which may have one or more heter-
oatoms.

[D4] The polymerizable compound according to any one of [D1] to [D3] above, wherein the polymerizable functional
group is a group having a carbon-carbon double bond.

[D5] A polymerizable compound represented by the formula (D-3) :

(D-3)

[D6] The polymerizable compound according to any one of [D1] to [D3] above, wherein the polymerizable functional
group is a styryl group.
[D7] A polymerizable compound represented by the formula (D-4) :

(D-4)

[D8] The polymerizable compound according to any one of [D1] to [D3] above, wherein the polymerizable functional
group is an acrylate group or a methacrylate group.
[D9] A polymerizable compound represented by the formula (D-5) :
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wherein R represents a hydrogen atom or a methyl group.
[D10] A polymerizable compound represented by the formula (D-6) :

Woig/\/oﬁ

wherein R represents a hydrogen atom or a methyl group.
[D7] A polymerizable compound represented by the formula (D-7) :

wherein R represents a hydrogen atom or a methyl group.
[D12] A polymerizable compound represented by the formula (D-8) :

21
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)

AN

H

wherein R represents a hydrogen atom or a methyl group.
[D13] A polymerizable compound represented by the formula (D-9) :

wherein R represents a hydrogen atom or a methyl group.
[D14] A polymerizable compound represented by the formula (D-10) :

/\

H

wherein R represents a hydrogen atom or a methyl group.
[D15] A polymerizable compound represented by the formula (D-11) :

22
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(D-11)

wherein R represents a hydrogen atom or a methyl group.
[D16] A polymerizable compound represented by the formula (D-12) :

0 R

(D-12)

wherein R represents a hydrogen atom or a methyl group.
[D17] A polymerizable compound represented by the formula (D-13) :

(D-13)

[D18] The polymerizable compound according to [D1] above, wherein YP in the formula (D-1) is a substituent having
a polymerizable functional group.
[D19] A polymerizable compound represented by the formula (D-14) :
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(D-14)

wherein YD represents a substituent having a polymerizable functional group, and Q2P and Q3P independently
represent a hydrogen atom, or an organic group having 1 to 20 carbon atoms which may have one or more heter-
oatoms.

[D20] The polymerizable compound according to [D18] or [D19] above, wherein the polymerizable functional group
is a group having a carbon-carbon double bond.

[D21] The polymerizable compound according to [D18] or [D19] above, wherein the polymerizable functional group
is a styryl group.

[D22] The polymerizable compound according to [D18] or [D19] above, wherein the polymerizable functional group
is an acrylate group or a methacrylate group.

[D23] A polymerizable compound represented by the formula (D-15) :

(D-15)

wherein R represents a hydrogen atom or a methyl group.
[D24] A polymerizable compound represented by the formula (D-16) :
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(D-16)

wherein R represents a hydrogen atom or a methyl group.
[D25] A method of producing a polymerizable compound containing a mononuclear iridium complex part, comprising
reacting a binuclear iridium complex represented by the formula (D-17) with a compound having a polymerizable
functional group represented by the formula (D-18) below:
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wherein R! to R32 independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a
sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have

one or more heteroatoms;

XlD

YlD

ZlD

25

(D-18)

(D-17)
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wherein at least one of XD, Y1D, and Z'D represents a substituent having a polymerizable functional group, and
the remainder of XD, Y1D, and Z'D independently represent a hydrogen atom, or an organic group having 1 to 20
carbon atoms which may have one or more heteroatoms.

[D26] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [D25] above, wherein XD or Z'D in the formula (D-18) is a substituent having a polymerizable functional group.
[D27] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [D25] above, wherein YD in the formula (D-18) is a substituent having a polymerizable functional group.

[D28] A method of producing a polymerizable compound containing a mononuclear iridium complex part, comprising
reacting a binuclear iridium complex represented by the formula (D-17) with a compound having a polymerizable
functional group represented by the formula (D-19) below and then reacting a reactive substituent of the obtained
mononuclear iridium complex with a compound having a polymerizable functional group:

31 p30
R R R29

(D-17)

RlB R19

wherein R! to R32 independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a
sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have
one or more heteroatoms;

2D
X 2 (D-19)

wherein at least one of X2D, Y2D, and Z2D represents a substituent having a polymerizable functional group, and
the remainder of X2D, Y2D, and Z2D independently represent a hydrogen atom, or an organic group having 1 to 20
carbon atoms which may have one or more heteroatoms.

[D29] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [D28] above, wherein X2D or Z2D in the formula (D-19) is a substituent having a hydroxyl group.

[D30] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [D28] above, wherein Y2D in the formula (D-19) is a substituent having a hydroxyl group.

[D31] A compound represented by the formula (D-20):
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(D-20)

wherein at least one of X2D, Y2D, and Z2D represents a substituent having a hydroxyl group, and the remainder of
X2D, ¥2D  and Z2D independently represent a hydrogen atom, or an organic group having 1 to 20 carbon atoms
which may have one or more heteroatoms; and R to R'6 independently represent a hydrogen atom, a halogen
atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having
1 to 20 carbon atoms which may have one or more heteroatoms.

[D32] The compound according to [D31] above, wherein X2D or Z2D in the formula (D-20) is a substituent having a

25

30

35

40

45

50

55

hydroxyl group. [D33] A compound represented by the formula (D-21):

an OH

wherein n is 0 or an integer of 1 to 20, and Q'P and Q2D independently represent a hydrogen atom, or an organic

(D-21)

group having 1 to 20 carbon atoms which may have one or more heteroatoms.

[D34] A compound represented by the formula (D-22):
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wherein n is 0 or an integer of 1 to 20, and QP and Q2P independently represent a hydrogen atom, or an organic
group having 1 to 20 carbon atoms which may have one or more heteroatoms.

[D35] The compound according to [D31] above, wherein Y2P in the formula (D-20) is a substituent having a hydroxyl
group.

[D36] A compound represented by the formula (D-23):

OH

(b-23)

wherein n is 0 or an integer of 1 to 20, and Q2P and Q3P independently represent a hydrogen atom, or an organic
group having 1 to 20 carbon atoms which may have one or more heteroatoms.

[D37] A polymer of the polymerizable compound according to any one of [D1] to [D24] above.

[D38] A polymer obtained by polymerizing a composition containing at least one of the polymerizable compounds
according to [D1] to [D24] above.

[E1] A polymerizable compound represented by the formula (E-1) :

(E-1)

wherein XE represents a substituent having a polymerizable functional group; R'E, R2E and R3E independently
represent a hydrogen atom, a halogen atom, or an organic group having 1 to 20 carbon atoms which may have one
or more heteroatoms; and R4 to R19 independently represent a hydrogen atom, a halogen atom, a nitro group, an
amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms
which may have one or more heteroatoms.

[E2] The polymerizable compound according to [E1] above, wherein the polymerizable functional group of XE in the
formula (E-1) is a group having a carbon-carbon double bond.

[E3] A polymerizable compound represented by the formula (E-2) :
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wherein XE represents a substituent having a polymerizable functional group.

[E4] The polymerizable compound according to [E1] or [E3] above, wherein the polymerizable functional group is
an acryloyloxy group or a methacryloyloxy group.

[E5] The polymerizable compound according to [E1] or [E3] above, wherein the polymerizable functional group of
XE in the formula (E-1) or (E-2) is a methacryloyloxy group.

[EB] A polymerizable compound represented by the formula (E-3) :

(E-3)

[E7] The polymerizable compound according to [E1] or [E3] above, wherein the polymerizable functional group of
XE in the formula (E-1) or (E-2) is a methacryloyloxymethyl group.
[E8] A polymerizable compound represented by the formula (E-4) :
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[E9] The polymerizable compound according to [E1] or [E3] above, wherein the polymerizable functional group of
XE in the formula (E-1) or (E-2) is a methacryloyloxyethyl-carbamoyloxymethyl group.
[E10] A polymerizable compound represented by the formula (E-5) :

[E11] The polymerizable compound according to [E1] or [E3] above, wherein the polymerizable functional group of
XE in the formula (E-1) or (E-2) is a methacryloyloxyethyloxycarbonyl group.
[E12] A polymerizable compound represented by the formula (E-6) :

CH,

0
O\\ T Il |
£\ / C-0- (CH,) 2—O-Cli—C=CH2
O\ N F 0

(E-6)

[E13] The polymerizable compound according to [E1] or [E3] above, wherein the polymerizable functional group is
a styryl group.

[E14] The polymerizable compound according to [E1] or [E3] above, wherein the polymerizable functional group of
XE in the formula (E-1) or (E-2) is a vinylbenzyloxy group.

[E15] A polymerizable compound represented by the formula (E-7) :
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(E-7)

(E-8)

[E17] A method of producing a polymerizable compound containing a mononuclear iridium complex part, comprising
reacting a binuclear iridium complex represented by the formula (E-9) with a picolinic acid derivative represented
by the formula (E-10) and then reacting the obtained reaction product with a compound having both a polymerizable
functional group and a functional group capable of reacting with and bonding the reactive substituent YE derived
from a compound represented by the formula (E-10) below:
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(E-9)

wherein R4 to R'9 independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a
sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have
one or more heteroatoms;

YE

(o) 2E
% R (E~10)
/ \ 3E

HO N R

wherein YE represents a reactive substituent; and R'E, R2E and R3E independently represent a hydrogen atom, a
halogen atom, or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms.

[E18] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [E17] above, wherein YE in the formula (E-10) is a group having an active hydrogen.

[E19] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [E17] above, wherein YE in the formula (E-10) is a hydroxyl group or a hydroxymethyl group.

[E20] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [E19] above, wherein the compound having both a polymerizable functional group and a functional group capable
of reacting with and bonding the reactive substituent YE is an acid chloride compound having a polymerizable
functional group.

[E21] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [E19] above, wherein the compound having both a polymerizable functional group and a functional group capable
of reacting with and bonding the reactive substituent YE is an alkyl halide compound having a polymerizable functional
group.

[E22] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [E18] or [E19] above, wherein the compound having both a polymerizable functional group and a functional group
capable of reacting with and bonding the reactive substituent YE is an isocyanate compound having a polymerizable
functional group.

[E23] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [E17] above,

wherein YE in the formula (E-10) is a carboxyl group.

[E24] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [E23] above,

wherein the compound having both a polymerizable functional group and a functional group capable of reacting
with and bonding the reactive substituent YE is a compound having a hydroxyl group and a polymerizable functional
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group.
[E25] A method of producing a polymerizable compound containing a mononuclear iridium complex part, comprising
reacting a binuclear iridium complex represented by the formula (E-9) and a picolinic acid derivative represented
by the formula (E-11):

(E-9)

wherein R4 to R'9 independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a
sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have
one or more heteroatoms;

x® R1E
0 2E
% R (E-11)
o  N-7>g3E

wherein XE represents a substituent having a polymerizable functional group, and R'E, R2E and R3E independently
represent a hydrogen atom, a halogen atom, or an organic group having 1 to 20 carbon atoms which may have one
or more heteroatoms.

[E26] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [E25] above,

wherein XE in the formula (E-11) is any one member selected from the group consisting of a methacryloyloxy group,
a methacryloyloxymethyl group, a methacryloyloxyethylcarbamoyloxymethyl group, a methacryloyloxyethyloxycar-
bonyl group, and a vinylbenzyloxy group.

[E27] A compound represented by the formula (E-12):
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(E-12)

wherein YE represents a reactive substituent, R1E, R2E and R3E independently represent a hydrogen atom, a halogen
atom, or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms, and R4 to R19
independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a
sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms.
[E28] The compound according to [E27] above, wherein YE in the formula (E-12) is a hydroxyl group.

[E29] A compound represented by the formula (E-13):

(E~13)

(E-14)

[E31] A compound represented by the formula (E-15):
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(E-15)

[E32] A polymerizable composition containing the polymerizable compound according to any one of [E1] to [E16]
above.

[E33] A polymer of the polymerizable compound according to any one of [E1] to [E16].

[E34] A polymer obtained by polymerizing the polymerizable composition according to [E32] above.

[F1] A polymerizable compound represented by the formula (F-1) :

(F-1)

wherein at least one of X1F, YF, and Z'F represents a substituent having a polymerizable functional group, and the
remainder of X'F, YIF and Z'F independently represent a hydrogen atom, a halogen atom, or an organic group
having 1 to 20 carbon atoms which may have one or more heteroatoms; and R to R'6 independently represent a
hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group,
or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms.

[F2] The polymerizable compound according to [F1] above, wherein either one of X'F and Z'F is a substituent having
a polymerizable functional group.

[F3] A polymerizable compound represented by the formula (F-2) :
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(F-2)

wherein X'F represents a substituent having a polymerizable functional group, and Q'F and Q2F independently
represent a hydrogen atom, a halogen atom, or an organic group having 1 to 20 carbon atoms which may have one
or more heteroatoms.

[F4] The polymerizable compound according to any one of [F1] to [F3] above, wherein the polymerizable functional
group is a group having a carbon-carbon double bond.

[F5] A polymerizable compound represented by the formula (F-3) :

(F-3)

wherein n is 0 or an integer of 1 to 20.

[F6] The polymerizable compound according to any one of [F1] to [F3] above, wherein the polymerizable functional
group is a styryl group.

[F7] A polymerizable compound represented by the formula (F-4) :

(F-4)
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wherein n is 0 or an integer of 1 to 20.
[F8] A polymerizable compound represented by the formula (F-5) :

(F-5)

[F9] The polymerizable compound according to any one of [F1] to [F3] above, wherein the polymerizable functional
group is an alkenoyloxy group.
[F10] A polymerizable compound represented by the formula (F-6) :

(F-6)

wherein nis 0 or an integer of 1 to 20, and A represents an organic group having 3 to 20 carbon atoms that has an
acryloyl group, a methacryloyl group, an acryloyloxy group, or a methacryloyloxy group.
[F11] A polymerizable compound represented by the formula (F-7) :
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(F-=7)

wherein R represents a hydrogen atom or a methyl group.
[F12] A polymerizable compound represented by the formula (F-8) :

(F-8)

wherein R represents a hydrogen atom or a methyl group.
[F13] A polymerizable compound represented by the formula (F-9) :

(F-9)

wherein n is 0 or an integer of 1 to 20, and A represents an organic group having 3 to 20 carbon atoms that has an
acryloyl group, a methacryloyl group, an acryloyloxy group, or a methacryloyloxy group.
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[F14] A polymerizable compound represented by the formula (F-10) :

wherein R represents a hydrogen atom or a methyl group.
[F15] A polymerizable compound represented by the formula (F-11) :

wherein R represents a hydrogen atom or a methyl group.
[F16] The polymerizable compound according to [F1], wherein YF in the formula (F-1) is a substituent having a

polymerizable functional group.

[F17] A polymerizable compound represented by the formula (F-12) :
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wherein Y'F represents a substituent having a polymerizable functional group, and Q2F and Q3F independently
represent a hydrogen atom, a halogen atom, or an organic group having 1 to 20 carbon atoms which may have one
or more heteroatoms.

[F18] The polymerizable compound according to [F16] or [F17] above, wherein the polymerizable functional group
is a group having a carbon-carbon double bond.

[F19] The polymerizable compound according to [F16] or [F17] above, wherein the polymerizable functional group
is a styryl group.

[F20] The polymerizable compound according to [F16] or [F17] above, wherein the polymerizable functional group
is an alkenoyloxy group.

[F21] A polymerizable compound represented by the formula (F-13) :

(F-13)

wherein R represents a hydrogen atom or a methyl group.
[F22] A polymerizable compound represented by the formula (F-14) :

(F-14)

wherein R represents a hydrogen atom or a methyl group.

[F23] A method of producing a polymerizable compound containing a mononuclear iridium complex part, comprising
reacting a binuclear iridium complex represented by the formula (F-15) below with a compound having a polymer-
izable functional group represented by the formula (F-16) below:
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(F-15)

wherein R! to R'6 independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a
sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have
one or more heteroatoms;

YlF

iF 1F
X WZ (F-16)

0O O

wherein at least one of X'F, Y1F and Z'F represents a substituent having a polymerizable functional group, and the
remainder of X'F, Y1F and Z'F independently represent a hydrogen atom, a halogen atom or an organic group
having 1 to 20 carbon atoms which may have one or more heteroatoms.

[F24] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [F23] above, wherein X'F or Z'F in the formula (F-16) is a substituent having a polymerizable functional group.
[F25] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [F23] above, wherein Y'F in the formula (F-16) is a substituent having a polymerizable functional group.

[F26] A method of producing a polymerizable compound containing a mononuclear iridium complex part, comprising
reacting a binucleariridium complex represented by the formula (F-15) with a compound having a reactive substituent
represented by the formula (F-17) below, and then reacting a reactive substituent of the obtained mononuclear
iridium complex with a compound having both a polymerizable functional group and a functional group capable of
reacting with and bonding to a reactive functional substituent derived from the compound of the formula (F-17) (at
least one of X2F, Y2F and Z2F) :
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(F-15)

wherein R! to R16 independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a
sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have
one or more heteroatoms.

2F 2F
X WZ (F-17)

wherein at least one of X2F, Y2F and Z2F represents a reactive substituent, and the remainder of X2F, Y2F and Z2F
independently represent a hydrogen atom, a halogen atom or an organic group having 1 to 20 carbon atoms which
may have one or more heteroatoms.

[F27] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [F26] above, wherein XE, YF or ZE in the formula (F-17) is a substituent having an active hydrogen.

[F28] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [F26] above, wherein X2F or Z2F in the formula (F-17) is a substituent having a hydroxyl group.

[F29] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [F26] above, wherein Y2F in the formula (F-17) is a substituent having a hydroxyl group.

[F30] A compound represented by the formula (F-18):
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(F-18)

wherein at least one of X2F, Y2F and Z2F represents a substituent having a hydroxyl group, and the remainder of
X2F, Y2F and Z2F independently represent a hydrogen atom, a halogen atom or an organic group having 1 to 20
carbon atoms which may have one or more heteroatoms; and R to R16 independently represent a hydrogen atom,
a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic
group having 1 to 20 carbon atoms which may have one or more heteroatoms.

[F31] The compound according to [F30] above, wherein X2F or Z2F in the formula (F-18) is a substituent having a
hydroxyl group. [F32] A compound represented by the formula (F-19):

(F-19)

wherein is 0 or an integer of 1 to 20, and Q'F and Q2F independently represent a hydrogen atom, a halogen atom,
or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms. [F33] A compound
represented by the formula (F-20):
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(F-20)

wherein is 0 or an integer of 1 to 20, and Q'F and Q2F independently represent a hydrogen atom, a halogen atom,
or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms. [F34] The compound
according to [E30] above, wherein Y2F in the formula (E-18) is a substituent having a hydroxyl group.

[F35] A compound represented by the formula (F-21):

(F-21)

wherein n is 0 or an integer of 1 to 20, and Q2F and Q3F independently represent a hydrogen atom, a halogen atom,
or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms. [F36] A polymer of the
polymerizable compound according to any one of [F1] to [F22] above.

[F37] A polymer obtained by polymerizing a polymerizable composition containing at least one of the polymerizable
compounds according to [F1] to [F22] above.

[F38] A polymerizable composition containing at least one of the polymerizable compounds according to [F1] to
[F22] above.

[G1] A polymerizable compound represented by the formula (G-1) :

44



10

15

20

25

30

35

40

45

50

55

EP 1 407 501 B1

(G-1)

wherein L represents a monovalent anionic bidentate ligand, XC represents a substituent having a polymerizable
functional group, and R to R7 independently represent a hydrogen atom, a halogen atom, a nitro group, an amino
group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which
may have one or more heteroatoms.

[G2] A polymerizable compound represented by the formula (G-2) :

(G-2)

wherein A1G, A2G and A3G independently represent a hydrogen atom, a halogen atom or an organic group having
1 to 20 carbon atoms which may have one or more heteroatoms; XG represents a substituent having a polymerizable
functional group, and R to R” independently represent a hydrogen atom, a halogen atom, a nitro group, an amino
group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which
may have one or more heteroatoms.

[G3] The polymerizable compound according to [G1] or [G2] above, wherein the polymerizable functional group of
XG in the formula (G-1) or (G-2) is a group having a carbon-carbon double bond.

[G4] The polymerizable compound according to [G1] or [G2] above, wherein X€ in the formula (G-1) or (G-2) is any
one of a methacryloyloxy group, a methacryloyloxyethylcarbamoyloxy group, and a vinylbenzyloxy group.

[G5] A polymerizable compound represented by the formula (G-3) :
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(G-3)

CH,4
|
o—lcl—NH— (CH,) ,~O0-C-C=CH,

(G-4)

[G7] A polymerizable compound represented by the formula (G-5) :

[G8] A method of producing a polymerizable compound containing a mononuclear iridium complex part, comprising
reacting a binuclear iridium complex represented by the formula (G-6) with a monovalent anionic bidentate ligand
L, and then reacting the reaction product with a compound having both a polymerizable functional group and a
functional group capable of reacting with and binding to the substituent Y& having a reactive functional group in the
compound represented by the formula (G-6):
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wherein Y@ is a substituent having a reactive functional group, and R to R independently represent a hydrogen
atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic
group having 1 to 20 carbon atoms which may have one or more heteroatoms.

[G9] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [G8] above, wherein YC in the formula (G-6) is a group having an active hydrogen.

[G10] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [G8] above,

wherein YG in the formula (G-6) is a substituent having a hydroxyl group.

[G11] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [G10] above, wherein the compound having both a polymerizable functional group and a functional group capable
of reacting with and binding to the substituent YC having a reactive group derived from the compound represented
by the formula (G-6) is an acid halide compound having a polymerizable functional group or an alkyl halide compound
having a polymerizable functional group.

[G12] The method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [G9] or [G10] above, wherein the compound having both a polymerizable functional group and a functional group
capable of reacting with and binding to the substituent YG having a reactive group derived from the compound
represented by the formula (G-6) is an isocyanate compound having a polymerizable functional group.

[G13] A method of producing a polymerizable compound containing a mononuclear iridium complex part, comprising
reacting a binuclear iridium complex represented by the formula (G-7) below with a monovalent anionic bidentate
ligand L:
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(G=7)

wherein XG is a substituent having a polymerizable functional group, and R' to R7 independently represent a
hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group,
or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms.

[G14] A method of producing a polymerizable compound containing a mononuclear iridium complex part according
to [G13] above,

wherein X€ in the formula (G-7) is any one of a methacryloyloxy group, a methacryloyloxyethylcarbamoyloxy group,
and a vinylbenzyloxy group.

[G15] A binuclear iridium complex represented by the formula (G-6):

(G-6)

wherein YC is a substituent having a reactive functional group, and R' to R independently represent a hydrogen
atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic
group having 1 to 20 carbon atoms which may have one or more heteroatoms.

[G16] The binuclear iridium complex according to [G15], wherein Y& in the formula (G-6) is a hydroxyl group.
[G17] A binuclear iridium complex represented by the formula (G-8):
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x
P~
N
5 OH
o (G-8)
I|r
; OH
N\
A
(G-9)

wherein L represents a monovalent anionic bidentate ligand, Y€ represents a substituent having a reactive functional
group, and R to R” independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a
sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have
one or more heteroatoms.

[G19] A compound represented by the formula (G-10):

(G-10)

wherein A1G, A2G and A3G independently represent a hydrogen atom, a halogen atom or an organic group having
1 to 20 carbon atoms which may have one or more heteroatoms, Y© represents a substituent having a reactive

49



10

15

20

25

30

35

40

45

50

55

EP 1 407 501 B1

functional group, and R to R17 independently represent a hydrogen atom, a halogen atom, a nitro group, an amino
group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which
may have one or more heteroatoms.

[G20] The compound according to [G18] or [G19] above, wherein Y& in the formula (G-9) or (G-10) is a hydroxyl group.
[G21] A compound represented by the formula (G-11):

(G-11)

(G-T7)

wherein XC represents a substituent having a polymerizable functional group, and R! to R” independently represent
a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group,
or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms.

[G23] The binuclear iridium complex according to [G22] above,

wherein X6 in the formula (G-7) is any one of a methacryloyloxy group, a methacryloyloxyethylcarbamoyloxy group,
and a vinylbenzyloxy group.

[G24] A composition containing the polymerizable compound according to any one of [G1] to [G7] above.

[G25] A polymer of the polymerizable compound according to any one of [G1] to [G7] above.

[G26] A polymer obtained by polymerizing a composition containing the polymerizable compound according to any
one of [G1] to [G7].

BRIEF DESCRIPTION OF THE DRAWING

[0024]
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Fig. 1 is a cross-sectional view showing an example of an organic light emitting device of the present invention.
MODE OF THE INVENTION

[0025] Hereinafter, modes of the present invention will be described with reference to the attached drawing.

[0026] Fig. 1 is a cross-sectional view showing an example of the construction of the organic light emitting device of
the present invention, which includes a hole transport layer 3, a light emitting layer 4 and an electron transport layer 5
provided in the order cited between an anode 2 provided on a transparent substrate 1 and a cathode 6. The construction
of the organic light emitting device is not limited to the example shown in Fig. 1 and may be one that has provided
between the anode and the cathode in the order cited either (1) a hole transport layer/a light emitting layer or (2) a light
emitting layer/an electron transport layer. Alternatively, the construction of the organic light emitting device of the present
invention may have only one layer from any one of (3) a layer containing a hole transporting material, a light emitting
material and an electron transporting material, (4) a layer containing a hole transporting material and a light emitting
material, (5) a layer containing a light emitting material and an electron transporting material, and (6) a layer containing
only a light emitting material. Furthermore, although the light emitting layer shown in Fig. 1 consists of one layer, it may
consist of two or more laminated layers.

[0027] In the present invention, the light emitting part means a part having a molecular structure that emits light from
an excited triplet state, i.e., a phosphorescent emissive part, or a part having a molecular structure that emits light through
an excited triplet state (hereinafter, referred to as a "part emits light through an excited triplet state") . The light emitting
parts are

characterized by constituting a part of a polymer or being bonded to a polymer. The part that emits light through an
excited triplet state refers to a system that consists of two constituent parts in which energy transfer occurs from an
excited triplet state of the constituent part corresponding to the phosphorescent emissive, the first organic compound
to an excited triplet state of the fluorescent emissive, the second organic compound, followed by fluorescent emission
through the constituent part corresponding to the second organic compound, as disclosed in Japanese Patent Application
Laid-open No. 2002-050483.

[0028] In the case where the organic light emitting device of the present invention contains the part that emits through
an excited triplet state as described above, it is preferred that at least one of the phosphorescent emissive part and the
fluorescent emissive part constitutes a part of a polymer or is bonded to a polymer. In this case, the phosphorescent
emissive part and/or fluorescent emissive part that constitutes a part of a polymer or is bonded to a polymer may form
the main chain of the polymer or a side chain of the polymer (which means a pendant group formed by a functional
group or the like pending from the main chain but may also be a long chain branch).

[0029] The quantum efficiency of the phosphorescent emissive part in an excited triplet state is preferably 0.1 or more,
more preferably 0.3 or more and particularly preferably 0.5 or more. The compound having high quantum efficiency in
an excited triplet state that can be used for the phosphorescent emissive part includes, for example, a metal complex
and an organometallic compound. Specific examples of the metal complex and the organometallic compound include
transition metal complexes such as iridium complexes and platinum complexes, organometallic compounds containing
a transition metal such as organometallic iridium compounds and organometallic platinum compounds and derivatives
thereof. These complexes are preferred in that they have relatively stable excited triplet states even at room temperatures.
Further, they are preferred since they can be readily obtained by coordinating a polymer having a functional group
capable of being coordinated to a transition metal atom as will be described later. Other compounds having high quantum
efficiencies in an excited triplet state that can be used for the phosphorescent emissive part may be selected from the
compounds described in, for example, "Handbook of Photochemistry, Second Edition (Steven L. Murov, et al., Marcel
Dekker Inc., 1993).

[0030] The transition metals used for the above-mentioned transition metal complexes and organometallic compounds
containing a transition metal include elements from Atomic No. 21, Sc, to Atomic No. 30, Zn in the first transient element
series, from Atomic No. 39, Y to Atomic No. 48, Cd in the second transient element series, and from Atomic No. 72, Hf
to Atomic No. 80, Hg, in the third transient element series of the periodic table.

[0031] Other specific examples of the metal complex and the organometallic compound that emit through an excited
triplet state include rare earth metal complexes and organometallic compounds containing a rare earth metal. The rare
earth metals used for the rare earth metal complexes and the organometallic compounds containing a rare earth metal
include elements from Atomic No. 57, La, to Atomic No. 71, Lu, in the periodic table. In the present invention, the light-
emitting compound is selected from an iridium complex and a platinum complex.

[0032] In the present invention, the light emitting material means a light emitting substance itself. In the present
invention, the light emitting part is a metal complex or the like, which is bonded to a polymer. That is, a light emitting
substance is a polymer-in-itself, which is also a light emitting material. However, for the sake of explanation, the light
emitting part bonded to a polymer is in some cases referred to as a light emitting substance. In a broader sense, the
term light emitting material is used inclusive of those substances that constitute a light emitting layer containing a light
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emitting substance, a binder, a hole transporting material and an electron transporting material.

[0033] In the present invention, the light emitting part is nonionic. This is because if the light emissive part is ionic,
application of a voltage to the light emitting layer containing the light emitting part results in the occurrence of electro-
chemical luminescence, which has a response speed as slow as an order of minutes, so that it is not suitable for
applications to displays.

[0034] In the present invention, the expression "the light emitting part constitutes a part of a polymer" means that the
structure of a light emitting part constitutes at least one repeating unit of a polymer. In the case where the polymer
concerned is a copolymer, that expression means that at least one constituent monomer has the structure of a light
emitting part. The light emitting part may constitute the main chain of a polymer or a side chain (a pendant group or the like).
[0035] The expression "the light emitting part is bonded to a polymer" means that it is only required that the light
emitting part is bonded to the polymer compound regardless of the degree and form of bonding. Specific method of this
bonding may include a method of incorporating the light emitting part as a main chain of the polymer, a method of bonding
the light emitting part to the polymer as a side chain (including a pendant group) and the like. However, the present
invention is not limited thereto. In the case of the transition metal complexes and rare earth metal complexes, mention
may be made of a method of incorporating at least one of the ligands that constitute the complex into the main chain of
the polymer, a method of bonding at least one of ligands that constitute the complex into a side chain of the polymer
and the like.

[0036] Examples of the ligand used for the above-mentioned transition metal complexes and rare earth metal com-
plexes include acetylacetonato, 2,2’-bipyridine, 4,4’-dimethyl-2,2’-bipyridine, 1,10-phenanthroline, 2-phenylpyridine, por-
phyrin, phthalocyanine, pyrimidine, quinoline, 2-benzothienylpyridine and/or derivatives thereof. However, the present
invention is by no means limited thereto. One kind or plural kinds of ligands may be coordinated for a single complex.
The above-mentioned complex compounds that can be used include a binuclear complex or a polynuclear complex or
a double complex form composed of two or more kinds of complexes.

[0037] Inthe presentinvention, the metal atom that serves as a central metal of the metal complex structure used in
the light emitting part is bound to at least one site of a polymer. The method of achieving this is not particularly limited
and includes various formations including complex formation through coordinate bonds, complex formation through
charge transfer, covalent bonds, ionic bonds, and the like. In this case, the method of bonding ligands to a polymer to
form a complex of a light emitting substance is preferred since it can immobilize the ligands to the polymer with a reduced
change in the state of electron of the light emitting substance. On this occasion, the method of binding ligands to a
polymer to form a complex is particularly preferred since it is easy to design and synthesize the material. In the case
where the metal atom that serves as the central metal is ion, a method of rendering the light emitting part neutral is
adopted for the reasons described above. This method includes, for example, a method of forming an organometallic
compound having a coordinate bond together with a covalent bond sufficient for neutralizing the valence of the metal
ion. However, the present invention is by no means limited thereto.

[0038] The polymer that immobilizes the metal atom in the present invention is not particularly limited. For example,
polymers having bound to the main chain or side chain thereof a heterocyclic compound having capability of coordination,
such as pyridine group, bipyridyl group, pyrimidine group, quinoline group, a phenylpyridine group or benzothienylpyridine
group may be used. Specific examples of such a polymer include polymers containing ligands in the main chain and/or
derivatives thereof, such as poly(pyridinediyl), poly(bipyridinediyl), poly(quinolinediyl), poly(phenylpyridinediyl) and poly
(benzothienylpyridinediyl), polymers having ligands in the side chain thereof and/or derivatives thereof, such as poly
(vinylpyridine), poly((meth)acrylpyridine), poly(vinylquinoline), poly(vinylphenylpyridine) and poly(vinylbenzothienylpyri-
dine), and/or polymers having combined the above-mentioned structures, and the like.

[0039] The polymer that can be used in the present invention may be a copolymer of a monomer unit having a light
emitting part that constitutes a part thereof or is bound thereto and a monomer unit having no light emitting part. Examples
of the monomer unit having no light emitting part include alkyl (meth) acrylates such as methyl acrylate and methyl
methacrylate, styrene and derivatives thereof. However, the present invention is not limited thereto.

[0040] The use of the copolymer containing a monomer unit having no light emitting part as described above as a
light emitting layer of an organic light emitting device improves the processability of it and provides flexibility to the film
after film formation. This is extremely advantageous in fabricating a flexible light emitting device using a polymer film
substrate.

[0041] The polymer used in the present invention has a degree of polymerization of preferably from 5 to 10, 000 and
more preferably from 10 to 5,000.

[0042] Since the molecular weight of the polymer depends on the molecular weight and degree of polymerization of
the constituent monomer or monomers, it is generally difficult to determine a suitable range of molecular weight of the
polymer used in the present invention. However, usually, the molecular weight of the polymer used in the present
invention has a weight average molecular weight of preferably from 1,000 to 2,000,000 and more preferably from 5,000
to 1,000,000, independently of the above-mentioned degree of polymerization.

[0043] Here, the method of measuring molecular weight includes the methods described in "Koubunshi-Kagaku no
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Kiso (Basis of Polymer Chemistry) " (Tokyo Kagaku Dojin, 1978) , that is, a GPC method (gel permeation chromatog-
raphy), a method using osmotic pressure, a light scattering method, an ultracentrifugation method and so forth.

[0044] In the organic light emitting device of the present invention, light emission occurs by the following mechanism.
That is, electric excitation generates 25% of the lowest excited singlet state and 75% of the lowest excited triplet state.
In the case of using a transition metal complex or a rare earth metal complex as a light emitting substance, the intersystem
crossing from the lowest excited singlet state to the lowest excited triplet state tends to occur due to the heavy atom
effect, so that the ratio of the lowest excited triplet state increases to more than 75%. In the case of the transition metal
complex, which emits phosphorescence from the lowest excited triplet state, there exists nonradiative transition together
with radiative transition that emits phosphorescence. On the other hand, in the case of the rare earth metal complex,
the excitation energy of the lowest excited triplet state of the ligand is transferred to the central metal ion and light
emission occurs from the excitation level of the central metal ion. On this occasion, too, there exists nonradiative transition
together with radiative transition that causes light emission. These nonradiative transitions cannot be prevented from
occurring unless low temperature as low as the temperature of liquid nitrogen is used. Usually, light emission of the
above-mentioned compounds at room temperature is extremely weak.

[0045] However, in the organic light emitting device of the present invention, immobilization of the light emitting sub-
stance to the polymer on the level of molecules inhibits the vibration of molecules so that loss of excited energy in the
form of vibration of molecules is prevented. Generally, the excited triplet states are deactivated with oxygen. However,
in the organic light emitting device of the present invention, confinement of the light emitting substance in the polymer
makes it possible to prevent the invasion of oxygen.

[0046] The polymer light emitting material of the present invention can be prepared by polymerizing a polymerizable
composition containing at least one light emitting compound. The polymerizable composition as used herein means a
composition that contains a polymerizable compound having at least one polymerizable functional group such as a
(meth)acrylic group, a vinyl group, a styryl group, an isocyanate group, or a thiocyanate group. In the present invention,
the polymerizable composition contains a compound containing a polymerizable functional group having a carbon-carbon
double bond.

[0047] When the number of polymerizable functional groups in the polymerizable compound is 1, the polymer after
the polymerization has no crosslinked structure. When the number of polymerizable functional groups in the polymerizable
compound is 2 or more, the polymer after the polymerization has a crosslinked structure. Since the crosslinked polymer
is excellent in thermal stability, it is preferable that at least one of the polymerizable compounds to be used is a crosslink-
able compound having two or more polymerizable functional groups.

[0048] In the present invention, the polymerizable compound in the polymerizable composition used for the polymer
light emitting material may be a light emitting compound having a polymerizable functional group, an electron transporting
compound having a polymerizable functional group, a hole transporting compound having a polymerizable functional
group, or mixtures of these with

other polymerizable compounds. It is preferred that the light emitting compound used in the present invention is a light
emitting compound having the above-mentioned polymerizable functional group. In the case where the polymerizable
composition used for the polymer light emitting material of the present invention contains a polymerizable compound
other than the light emitting compound having a polymerizable functional group, the polymer light emitting material of
the present invention serves as a copolymer of the light emitting compound and other polymerizable compound.
[0049] The light emitting part includes conjugated structures such as a stilbene structure, transition metal complexes
and the like. From the viewpoints of stability, freedom in design and the like, metal complex structures are preferred.
[0050] The light emitting layer of the organic light emitting device of the present invention, which is a layer containing
a light emitting substance bound to a polymer as a light emitting material, may contain other light emitting material, a
hole transporting material, an electron transporting material and so forth.

[0051] Specifically, in order to further increase the carrier transportability of the phosphorescent emissive polymer
compound of the present invention, the organic light emitting device of the present invention may use a composition
containing the polymer compound of the present invention and a carrier transporting compound as a light emitting material.
[0052] That is, a hole transporting compound and an electron transporting compound may be mixed with the phos-
phorescent emissive polymer compound of the presentinvention. When the phosphorescent emissive polymer compound
of the present invention is hole transporting, it is preferred to mix an electron transporting compound therewith. On the
contrary, when the phosphorescent emissive polymer compound of the present invention is an electron transporting, it
is preferred to mix a hole transporting compound therewith. On this occasion, the hole transporting and the electron
transporting compound may each be a low molecular weight compound or a polymer.

[0053] As the low molecular weight hole transporting compound to be blended in the phosphorescent polymer com-
pound of the present invention, known hole transporting materials including triphenylamine derivatives such as TPD (N,
N’-diphenyl-N,N’-(3-methylphenyl)-1,1’-biphenyl-4,4’-diamine), o-NPD (4,4’-bis[N-(1-naphthyl)-N-phenylamino]biphe-
nyl), and m-MTDATA (4,4’,4"-tris(3-methylphenylphenylamino)triphenylamine) and carbazole derivatives such as CBP
(4,4’-N,N’-dicarbazole-biphenyl) may be used. However, the present invention is not limited thereto.
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[0054] The polymer hole transporting compound to be blended in the phosphorescent emissive polymer compound
of the present invention include in addition to poly(N-vinylcarbazole), polymer compounds obtained by polymerizing
monomers composed of the above-mentioned low molecular weight hole transporting compound, such as TPD, a-NPD,
m-MTDATA, or CPD, to which a polymerizable functional group such as a vinyl group, a styryl group, an acrylate group,
or a methacrylate group has been introduced, polymer compounds having a triphenylamine skeleton as disclosed in
Japanese Patent Application Laid-open No. 8-157575 and so forth. However, the present invention is by no means
limited thereto.

[0055] On the other hand, as the low molecular weight electron transporting compound to be blended in the phospho-
rescent polymer compound of the present invention, quinolinol derivative metal complexes such as Algs (trisaluminum
quinolinol), oxadiazole derivatives such as PBD (2-biphenyl-4-yl-5- (4-tert-butylphenyl) -1, 3, 4-oxadiazole) and OXD-7
(1,3-bis[5-(p-tert-butylphenyl)-1,3,4-oxadiazol-2-yl]benzene, triazole derivatives such as TAZ (3-biphenyl-4-yl-5- (4-tert-
butylphenyl)-4-phenyl-4H-1,2,4-triazole), imidazole derivatives, triazine derivatives and so forth may be used. However,
the present invention is by no means limited thereto.

[0056] The polymer electron transporting compound to be blended in the phosphorescent polymer compound of the
present invention include in addition to the poly PBD (compound obtained by polymerizing a monomer composed of the
PBD described above having introduced therein a vinyl group) as disclosed in Japanese Patent Application Laid-open
No. 10-1665, compounds obtained by polymerizing monomers composed of the low molecular weight electron trans-
porting compound such as the above-mentioned Algs, OXD-7, or TAZ to which a polymerizable functional group, such
as a vinyl group, a styryl group, an acrylate group or a methacrylate group, has been introduced. However, the present
invention is by no means limited thereto.

[0057] The blending ratio of the low molecular weight hole transporting compound and/or electron transporting com-
pound to be blended with the phosphorescent emissive polymer compound of the present invention is preferably from
0 to 100 mass%, more preferably from 10 to 70 mass%, and particularly preferably from 20 to 50 mass% based on the
phosphorescent emissive polymer compound of the present invention. Further, the blending ratio of the high molecular
weight hole transporting compound and/or electron transporting compound to be blended with the phosphorescent
emissive compound of the present invention is preferably from 0 to 200 mass%, more preferably from 20 to 150 mass%,
and particularly preferably from 40 to 100 mass% based on the phosphorescent emissive compound of the present
invention.

[0058] Forimproving the physical properties and the like of the film obtained by film formation, a composition obtained
by blending the phosphorescent emissive polymer compound or composition of the present invention with a polymer
compound that does not participate in the light emission characteristics may also be used as a light emitting material.
For example, to impart flexibility to the obtained film, PMMA (poly(methyl methacrylate)), polycarbonate, polystyrene
and the like may be blended. However, the present invention is by no means limited thereto.

[0059] The blending ratio of the polymer compound that does not participate in the light emission characteristics to
be blended with the phosphorescent emissive polymer compound of the present invention is preferably from 0 to 40
mass%, more preferably from 0 to 20 mass% and particularly preferably from 0 to 10 mass%.

[0060] Specific examples of the polymerizable light emitting compound used in the present invention include metal
complexes having introduced therein polymerizable functional groups as represented by the following formulae (C-1),
(D-1), (E-1), (F-1) and (G-1), respectively.

(C-1)

[0061] In the formula (C-1), at least one of AC, BC, and CC represents a substituent having a polymerizable functional
group having a carbon-carbon double bond, and the remainder of AC, BC, and CC independently represent a hydrogen
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atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic
group having 1 to 20 carbon atoms which may have one or more heteroatoms. R to R2! independently represent a
hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an
organic group having 1 to 20 carbon atoms which may have one or more heteroatoms.

(D-1)

[0062] Intheformula (D-1), atleastone of X1D, YD and Z1D represents a substituent having a polymerizable functional
group having a carbon-carbon double bond, and the remainder of X1D, Y1D, and Z'D independently represent a hydrogen
atom, or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms. R to R'6 independently
represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester
group, or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms.

(E-1)

[0063] In the formula (E-1), XE represents a substituent having a polymerizable functional group having a carbon-
carbon double bond R'E, R2E and R3E independently represent a hydrogen atom, a halogen atom, or an organic group
having 1 to 20 carbon atoms which may have one or more heteroatoms. R* to R'9 independently represent a hydrogen
atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic
group having 1 to 20 carbon atoms which may have one or more heteroatoms.
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(F-1)

[0064] Inthe formula (F-1), atleast one of X1F, Y1F, and Z'F represents a substituent having a polymerizable functional
group, and the remainder of X'F, Y1F and Z'F independently represent a hydrogen atom, a halogen atom, or an organic
group having 1 to 20 carbon atoms which may have one or more heteroatoms. R to R'6 independently represent a
hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an
organic group having 1 to 20 carbon atoms which may have one or more heteroatoms.

(G-1)

[0065] In the formula (D-1), L represents a monovalent anionic bidentate ligand, XC represents a substituent having
a polymerizable functional group having a carbon-carbon double bond, and R to R independently represent a hydrogen
atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic
group having 1 to 20 carbon atoms which may have one or more heteroatoms.

[0066] Hereinafter, the polymerizable compounds of the formulae (C-1) to (G-1) will be described in detail.

Polymerizable compound (C-1)

[0067] The substituent having a polymerizable functional group represented by A¢, B¢ and C¢ in the formula (C-1)
includes substituents having a vinyl group, an acrylate group, a methacrylate group, a urethane (meth)acrylate group
such as a methacryloyloxyethylcarbamate group, a styryl group and its derivatives, a vinyl amide group and its derivative,
respectively. Among these polymerizable functional groups, an acrylate group, a methacrylate group and a urethane
(meth)acrylate group are preferred from the viewpoint of polymerizability. The position to which these substituents are
bonded may be any one of the 2-, 3-, 4- and 5-positions of the phenyl group of the phenylpyridine ligand.

[0068] In the formulae (C-1) to (C-5) and (C-8) to (C-11), the expression "organic group having 1 to 20 carbon atoms
which may have one or more heteroatoms" is not particularly limited as far as it is not detrimental to the purpose of the
present invention. Preferred examples of such organic group include an alkyl group, an alkoxy group, an alkoxyalkyl
group, an aryl group, an aryloxy group, an aralkyl group or an aralkoxy group having 1 to 20 carbon atoms and halogen-
substituted derivatives thereof.

[0069] The substituents having no polymerizable functional group represented by Ac, B¢ and C¢, and R to R21in the
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formula (C-1) include a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic
acid ester group such as methyl sulfonate, alkyl groups such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl,
amyl, and hexyl, alkoxy groups such as methoxy, ethoxy, propoxy, isobutoxy, and tert-butoxy, an acetoxy group, an
ester group such as propoxycarbonyl, and the like organic groups. These organic groups may contain substituents such
as a halogen atom, a nitro group, and an amino group.

[0070] Next, examples of the synthesis methods for the polymerizable compounds of formula (C-1) will be presented
below. However, the present invention is by no means limited thereto.

[0071] A first synthesis method is a method of producing a polymerizable compound containing a mononuclear iridium
complex part by reacting a binuclear iridium complex represented by the formula (C-8) with a phenylpyridine derivative
represented by the formula (C-9) to obtain a mononuclear iridium complex having a reactive substituent as an interme-
diate, and then reacting the reactive substituent of the intermediate with a compound having a polymerizable functional

group.

(C-8)

wherein XC and YC independently represent a reactive substituent, or a hydrogen atom, a halogen atom, a nitro group,
an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms
which may have one or more heteroatoms, and R! to R28 independently represent a hydrogen atom, a halogen atom,
a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20
carbon atoms which may have one or more heteroatoms.

(C-9)

wherein ZC represents a reactive substituent, or a hydrogen atom, a halogen atom, a nitro group, an amino group, a
sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have one
or more heteroatoms, and R to R7 independently represent a hydrogen atom, a halogen atom, a nitro group, an amino
group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may
have one or more heteroatoms, provided that at least one of XC and Y€ in the formula (C-8) and ZC€ in the formula (C-
9) is a reactive substituent.

[0072] The binuclear iridium complex of the formula (C-8) can be synthesized by the known method (S. Lamansky et
al., Inorganic Chemistry, 40, 1704 (2001)) . Examples of R to R28 in the formula (C-8) include a hydrogen atom, a
halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group such as methyl sulfonate,
alkyl groups such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and hexyl, alkoxy groups such as
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methoxy, ethoxy, propoxy, isobutoxy, and tert-butoxy, an acetoxy group, an ester group such as propoxycarbonyl, and
the like organic groups. These organic groups may contain substituents such as a halogen atom, a nitro group, and an
amino group.

[0073] Atleast one of XC and YC in the formula (C-8) and Z€ in the formula (C-9) is a reactive substance, for example,
a hydroxy group. However, the present invention is by no means limited thereto. Further, the reactive substituent may
be protected with a protective group. In this case, the reaction is performed by using the complex or compound having
a protected reactive substituent as it is to obtain a mononuclear iridium complex, which then is subjected to deprotection
to obtain a mononuclear iridium complex having a reactive substituent as an intermediate. Thereafter, the reactive
substituent of the intermediate and a compound having a polymerizable functional group are reacted to obtain a polym-
erizable compound containing a mononuclear iridium complex part. From the functional groups for the reactive substit-
uents are excluded the above-mentioned polymerizable functional groups.

[0074] Examples of R to R7 in the compound of the formula (C-9) include a hydrogen atom, a halogen atom, a nitro
group, an amino group, a sulfonic acid group, a sulfonic acid ester group such as methyl sulfonate, alkyl groups such
as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and hexyl, alkoxy groups such as methoxy, ethoxy,
propoxy, isobutoxy, and tert-butoxy, an acetoxy group, an ester group such as propoxycarbonyl, and the like organic
groups. These organic groups may contain substituents such as a halogen atom, a nitro group, and an amino group.
[0075] The polymerizable functional group in the compound having a polymerizable functional group to be reacted
with the above-mentioned intermediate includes, for example, substituents having a vinyl group, an acrylate group, a
methacrylate group, a urethane (meth)acrylate group such as a methacryloyloxyethylcarbamate group, a styryl group
and its derivatives, a vinyl amide group and its derivative, respectively. Among these polymerizable functional groups,
an acrylate group, a methacrylate group and a urethane (meth)acrylate group are preferred from the viewpoint of po-
lymerizability.

[0076] In the first synthesis method, when XC and Y€ in the binuclear iridium complex of the formula (C-8) are non-
reactive substituent and Z€ in the phenylpyridine derivative of the formula (C-9) is a reactive substituent, a mononuclear
iridium complex having a single reactive substituent is obtained as an intermediate by the reaction and further reaction
of the intermediate with a compound having a polymerizable functional group can give rise to a monofunctional polym-
erizable compound containing a mononuclear iridium complex part. Further, when XC and Y€ in the binuclear iridium
complex of the formula (C-8) are reactive substituents and ZC in the phenylpyridine derivative of the formula (C-9) is a
nonreactive substituent, a mononuclear iridium complex having two reactive substituents is obtained as an intermediate
by these reactions and further reaction of the intermediate with a compound having a polymerizable functional group
can give rise to a bifunctional polymerizable compound containing a mononuclear iridium complex part.

[0077] A second synthesis method for the polymerizable compound of formula (C-1) is a method of producing a
polymerizable compound containing an iridium complex part having a predetermined number of polymerizable functional
groups by reacting the iridium complex of the formula (C-10) as an intermediate with a compound having a polymerizable
functional group in a predetermined molar ratio.

(C-10)

wherein XC represents a reactive substituent, and R to R2! independently represent a hydrogen atom, a halogen atom,
a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20
carbon atoms which may have one or more heteroatoms.

[0078] The reactive substituent XC in the iridium complex of the formula (C-10) includes, for example, a hydroxyl group
and an amino group. However, the present invention is by no means limited thereto. On the other hand, the compound
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having a polymerizable functional group to be reacted with the iridium complex of the formula (C-10) includes, for example,
a polymerizable acid halide and a polymerizable isocyanate. However, the present invention is by no means limited
thereto.

[0079] Next, the use of the second synthetic method in producing polymerizable acid halides and/or polymerizable
isocyanates will be described in detail.

[0080] In the case where the molar ratio of the iridium complex of the formula (C-10) to the polymerizable acid halide
and/or polymerizable isocyanate is close to 1:1, for example, 1: (0.5 to 1.5), a mixture composed mainly of a monofunc-
tional polymerizable compound can be obtained. Purification of the product affords the monofunctional polymerizable
compound. On the other hand, in the case where this molar ratio is close to 1:2, for example, 1:(1.5 to 2.5), a mixture
composed mainly of a bifunctional polymerizable compound can be obtained. Purification of the product affords the
bifunctional polymerizable compound. Further, in the case where the molar ratio is close to 1:3, for example, 1:(2.5 or
more), a mixture composed mainly of a trifunctional polymerizable compound can be obtained. Purification of the product
affords the trifunctional polymerizable compound. However, when the above-mentioned molar ratio is 1:(3 or more),
purification for removing mono- and bifunctional polymerizable compounds is not always necessary. In the case where
mono- and bifunctional polymerizable compounds are synthesized, a polymerizable acid halide is reacted in a prede-
termined molar ratio and then a reaction for rendering the residual reactive substituent remaining in the product nonre-
active is performed. In the case where the reactive substituent is a hydroxyl group, examples of the unpolymerizable
compound used for this purpose include alkyl halides, carboxylic acids, carboxylic acid halides, sulfonic acid halides,
chloroformates, isocyanates and the like. However, the present invention is by no means limited thereto.

[0081] Examples of the polymerizable acid halide used in the second synthetic method include acrylic acid chloride,
methacrylic acid chloride and the like. Examples of the unpolymerizable acid halide include propionic acid chloride,
acetic acid chloride and the like. Examples of the polymerizable isocyanate include methacryloyl isocyanate, methacry-
loyloxyethyl isocyanate and the like. Unpolymerizable isocyanate includes, for example, hexyl isocyanate, benzyl iso-
cyanate and the like.

[0082] Still another synthetic method for the polymerizable compound of formula (C-1) includes, for example, a method
of producing a monofunctional polymerizable compound containing an iridium complex part by reacting iridium (l11) bis
(2-phenylpyridinato)acetylacetonato complex with the phenylpyridine derivative of the formula (C-9) having a reactive
substituent and then introducing to the product a polymerizable substituent.

[0083] The polymerand copolymer of the presentinvention has a degree of polymerization of preferably from 3 to 5,000.

Polymerizable compound (D-1)

[0084] In the substituent having a polymerizable functional group represented by XD, Y1D and Z'D in the formula (D-
1), a polymerizable functional group may be any of a radical polymerizable group, a cation polymerizable group, an
anion polymerizable group, an addition polymerizable group, and a condensation polymerizable group. Among these,
a radical polymerizable functional group is preferred. Examples of the polymerizable functional group include a vinyl
group, an allyl group, an alkenyl group, an acrylate group, a methacrylate group, a urethane (meth) acrylate group such
as methacryloyloxyethyl carbamate, a styryl group and derivatives thereof, a vinyl amide group and derivatives thereof .
Among the polymerizable functional groups, an acrylate group, a methacrylate group and a urethane (meth)acrylate
group are preferred from the viewpoint of polymerizability.

[0085] In the formulae (D-1), (D-2), (D-14) and (D-17) to (D-23), the expression "organic group having 1 to carbon
atoms which may have one or more heteroatoms" is not particularly limited as far as it is not detrimental to the purpose
of the presentinvention. Preferred examples of such organic group include an alkyl group, an alkoxy group, an alkoxyalkyl
group, an aryl group, an aryloxy group, an aralkyl group or an aralkoxy group having 1 to 20 carbon atoms and halogen-
substituted derivatives thereof.

[0086] In the formulae (D-1), (D-2), (D-14) and (D-18) to (D-23), examples of the substituents having no polymerizable
functional group represented by Q'P, Q2P and Q3P out of XD, Y1D and Z'D, and QP to Q3P include a hydrogen atom,
alkyl groups such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and hexyl, alkoxy groups such as
methoxy, ethoxy, propoxy, isobutoxy, and tert-butoxy, an acetoxy group, an ester group such as propoxycarbonyl, an
aryl group, and the like organic groups.

[0087] In the formulae (D-1), (D-17) and (D-20), examples of R! to R'® and R'7 to R32 in each formula include a
hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group such
as methyl sulfonate, alkyl groups such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and hexyl,
alkoxy groups such as methoxy, ethoxy, propoxy, isobutoxy, and tert-butoxy, an acetoxy group, an ester group such as
propoxycarbonyl, an aryl group, and the like organic groups. These organic groups may contain substituents such as a
halogen atom, a nitro group, and an amino group.

[0088] Next, examples of the synthetic method for the polymerizable compound of formula (D-1) will be described.
However, the present invention is by no means limited thereto.
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[0089] A first synthetic method is a method of producing a polymerizable compound containing a mononuclear iridium

complex part by reacting a binuclear iridium complex represented by the formula (D-17) with a compound having a
polymerizable functional group represented by the formula (D-18) below.

(D-17)

wherein R1 to R32 independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic
acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have one or more
heteroatoms.

YlD
1D 1D
X 2 (D-18)

wherein at least one of X'P, YD, and Z'D represents a substituent having a polymerizable functional group, and the
remainder of X1D, Y1D, and Z'D independently represent a hydrogen atom, or an organic group having 1 to 20 carbon
atoms which may have one or more heteroatoms.

[0090] The binuclear iridium complex of the formula (D-17) can be synthesized by the known method (S. Lamansky
et al., Inorganic Chemistry, 40, 1704 (2001)). Examples of R to R32 in the formula (D-17) include a hydrogen atom, a
halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group such as methyl sulfonate,
alkyl groups such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and hexyl, alkoxy groups such as
methoxy, ethoxy, propoxy, isobutoxy, and tert-butoxy, an acetoxy group, an ester group such as propoxycarbonyl, and
the like organic groups. These organic groups may contain substituents such as a halogen atom, a nitro group, and an
amino group.

[0091] At least one of the substituents XD, Y1D and ZD of the compound of the formula (D-18) is a substituent having
polymerizable functional group and means the same group as explained on the formula (D-1) . The substituent having
no polymerizable functional groups out of the substituents represented by the substituents X'P, YD and Z1D of the
compound of the formula (D-18) are the same as the formula (D-1) .

[0092] A second synthesis method for the polymerizable compound of formula (D-1) is a method of producing a
polymerizable compound containing a mononuclear iridium complex part by reacting a binuclear iridium complex rep-
resented by the formula (D-17) with a compound having a reactive substituent represented by the formula (D-19) below
to obtain a mononuclear iridium complex having a reactive substituent as an intermediate, and then reacting the reactive
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substituent of the obtained mononuclear iridium complex with a compound having a polymerizable functional group.

(D-17)

R18 R19

wherein R to R32 independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic
acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have one or more
heteroatoms.

YZD

2D 2D
X Z (D-19)

wherein at least one of X2D | Y2D, and Z2D represents a reactive substituent, and the remainder of X2D, Y2D and z2D
independently represent a hydrogen atom, or an organic group having 1 to 20 carbon atoms which may have one or
more heteroatoms.

[0093] Atleastone of the substituents X2P, Y2D and Z2D of the compound of the formula (D-19) is a reactive substituent
having a functional group, for example, a hydroxyl group. Examples of the functional group may include a hydroxyl group,
an amino group and a carboxyl group. However, the present invention is by no means limited thereto. The reactive
substituent having a functional group includes a hydroxyl group, a hydroxyalkyl group, a hydroxyphenyl group and the like.
[0094] Further, the reactive substituent may be protected with a protective group. In this case, the reaction is performed
by using the complex or compound having a protected reactive substituent, as it is to obtain a mononuclear iridium
complex, which then is subjected to deprotection to obtain a mononuclear iridium complex having a reactive substituent
as an intermediate. Thereafter, the reactive substituent of the intermediate and a compound having a polymerizable
functional group are reacted to obtain a polymerizable compound containing a mononuclear iridium complex part. From
the functional groups for the reactive substituents are excluded the above-mentioned polymerizable functional groups.
[0095] Examples of the substituents having no polymerizable functional group represented by X2D, Y2D and z2D in
the formula (D-19) include a hydrogen atom, a halogen atom, alkyl groups such asmethyl, ethyl, propyl, isopropyl, butyl,
isobutyl, tert-butyl, amyl, and hexyl, alkoxy groups such as methoxy, ethoxy, propoxy, isobutoxy, and tert-butoxy, an
acetoxy group, an ester group such as propoxycarbonyl, an aryl group, and the like organic groups. These organic
groups may have a substituent such as a halogen atom.

[0096] The compound having a polymerizable functional group to be reacted with the mononuclear iridium complex
having a reactive substituent obtained by the reaction between the binuclear iridium complex and the compound of the
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formula (D-19) having a reactive substituent must have in addition to the polymerizable group a functional group having
a group reactive with the reactive substituents X2P, Y2D and Y3D in the formula (D-19). In the case of the second synthesis
method for the polymerizable compounds according to the present invention, R to R32 in the formula (D-17) must be
selected so as to be groups that do not react with the compound having a polymerizable functional group to be reacted
with the above-mentioned mononuclear iridium complex.

[0097] Examples of the compound having a polymerizable functional group to be reacted with the above-mentioned
mononuclear iridium complex include polymerizable acid chlorides and polymerizable isocyanates. However, the present
invention is by no means limited thereto. The polymerizable functional group may be any of a radical polymerizable
group, a cation polymerizable group, an anion polymerizable group, an addition polymerizable group, and a condensation
polymerizable group. Among these, a radical polymerizable functional group is preferred. Examples of the polymerizable
functional group include a vinyl group, an allyl group, an alkenyl group, an acrylate group, a methacrylate group, a
urethane (meth)acrylate group such as methacryloyloxyethyl carbamate, a styryl group and derivatives thereof, a vinyl
amide group and derivatives thereof. Among the polymerizable functional groups, an acrylate group, a methacrylate
group and a urethane (meth) acrylate group are preferred from the viewpoint of polymerizability. Specifically, examples
of the polymerizable acid chloride include acrylic acid chloride, methacrylic acid chloride and the like. Examples of the
polymerizable isocyanate include methacryloyl isocyanate and methacryloyloxyethyl isocyanate and the like.

[0098] The chemicalformulae such as the formula (D-1) representing the compounds of the presentinvention represent
metal complex structures, in which O-C-C-C-O indicates resonant structures. Of course they include chemically accept-
able structures.

Polymerizable compound (E-1)

[0099] The substituent having a polymerizable functional group represented by XE in the formula (E-1) is preferably
a substituent having a carbon-carbon double bond as a polymerizable functional group, examples of which include
substituents having a vinyl group, an acryloyloxy group, a methacryloyloxy group, a urethane (meth)acryloyloxy group,
such as a methacryloyloxyethylcarbamate group, a styryl group and its derivatives, and a vinyl amide group and its
derivative, respectively. Among these polymerizable functional groups, an acryloyloxy group, a methacryloyloxy group,
a urethane (meth)acryloyloxy group, and a styryl group are preferred from the viewpoint of polymerizability. The position
to which these substituents are bonded may be any one of the 3-, 4-, 5- and 6-positions of the picolinic acid ligand.
[0100] In the formulae (E-1), and (E-9) to (E-22), the expression "organic group having 1 to 20 carbon atoms which
may have one or more heteroatoms" is not particularly limited as far as it is not detrimental to the purpose of the present
invention. Preferred examples of such organic group include an alkyl group, an alkoxy group, an alkoxyalkyl group, an
aryl group, an aryloxy group, an aralkyl group or an aralkoxy group having 1 to 20 carbon atoms and halogen-substituted
derivatives thereof.

[0101] Examples of R'E, R2E and R3E in the formulae (E-1) include a hydrogen atom, a halogen atom, alkyl groups
such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and hexyl, alkoxy groups such as methoxy,
ethoxy, propoxy, isobutoxy, and tert-butoxy, an aralkyl group, an acetoxy group, an ester group such as propoxycarbonyl,
and the like organic groups. These substituents may further have a substituent such as a halogen atom.

[0102] Examples of R4 to R19 in the formula (E-1) include a hydrogen atom, a halogen atom, a nitro group, an amino
group, a sulfonic acid group, a sulfonic acid ester group such as methyl sulfonate, alkyl groups such as methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and hexyl, alkoxy groups such as methoxy, ethoxy, propoxy, isobutoxy,
and tert-butoxy, an aralkyl group, an acetoxy group, an ester group such as propoxycarbonyl, and the like organic groups.
These organic groups may further have substituents such as a halogen atom, a nitro group, and an amino group. Among
these, a hydrogen atom, a halogen atom and alkyl groups having 1 to 20 carbon atoms are preferred.

[0103] Next, examples of the synthesis methods for the polymerizable compound of the formula (E-1) will be presented
below. However, the present invention is by no means limited thereto.

[0104] A first synthesis method for the polymerizable compound of the formula (E-1) is a method of producing a
polymerizable compound containing a mononuclear iridium complex part by reacting a binuclear iridium complex rep-
resented by the formula (E-9) with a picolinic acid derivative represented by the formula (E-10) to obtain a mononuclear
iridium complex having a reactive substituent as an intermediate, and then reacting the reactive substituent of the
intermediate with a compound having a polymerizable functional group.
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(E-9)

wherein R4 to R'® independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic
acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have one or more
heteroatoms.

Y® RIE

o) 2E
% R (E-10)

A
40  N—7 g3

wherein YE represents a reactive substituent. R'E, R2E and R3E independently represent a hydrogen atom, a halogen
atom, or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms.

[0105] The binuclear iridium complex of the formula (E-9) can be synthesized by the known method (S. Lamansky et
al., Inorganic Chemistry, 40, 1704 (2001). Examples of R4 to R19 in the formula (E-9) include a hydrogen atom, a halogen
atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group such as methyl sulfonate, alkyl
groups such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and hexyl, alkoxy groups such as methoxy,
ethoxy, propoxy, isobutoxy, and tert-butoxy, an aralkyl group, an acetoxy group, an ester group such as propoxycarbonyl,
and the like organic groups. These organic groups may contain substituents such as a halogen atom, a nitro group, and
an amino group. Among these, a hydrogen atom, a halogen atom and alkyl groups having 1 to 20 carbon atoms are
preferred.

[0106] The YE in the formula (E-10) is a reactive substituent, examples of which include groups having an active
hydrogen such as a hydroxymethyl group, a hydroxyl group, a mercapto group and an amino group, respectively, and
a carboxyl group. However, the present invention is by no means limited thereto. Further, the reactive substituent may
be protected with a protective group. In this case, the reaction is performed as it is, i.e., in a state where the reactive
substituent is protected with a protecting group to obtain a mononuclear iridium complex, which then is subj ected to
deprotection to obtain a mononuclear iridium complex having a reactive substituent as an intermediate. Thereafter, the
reactive substituent of the intermediate and a compound having a polymerizable functional group are reacted to obtain
a polymerizable compound containing a mononuclear iridium complex part. From the functional groups for the reactive
substituents are to be excluded the above-mentioned polymerizable functional groups.

[0107] Examples of R'E, R2E and R3E in the formula (E-10) include a hydrogen atom, a halogen atom, alkyl groups
such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and hexyl, alkoxy groups such as methoxy,
ethoxy, propoxy, isobutoxy, and tert-butoxy, an aralkyl group, an acetoxy group, an ester group such as propoxycarbonyl,
and the like organic groups. These organic groups may further contain substituents such as a halogen atom. Among
these, a hydrogen atom, a halogen atom and alkyl groups having 1 to 20 carbon atoms are preferred.

[0108] The compound having a polymerizable functional group to be reacted with the mononuclear iridium complex
having areactive substituent (intermediate) obtained by the reaction between the binuclear iridium complex of the formula
(E-9) and the compound of the formula (E-10) having a reactive substituent must have in addition to the polymerizable
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group a functional group having a group reactive with the reactive substituent YE in the formula (E-10). Examples of
such a functional group include an isocyanato group and a carboxyl group when the reactive substituent YE is a hy-
droxymethyl group or a hydroxyl group, or an isocyanato group and an acid chloride (R-COC1) group when the reactive
substituent YE is a mercapto group or an amino group. On the other hand, R4 to R in the formula (E-9) must be selected
from groups that do not react with the compound having a polymerizable functional group to be reacted with the above-
mentioned mononuclear iridium complex.

[0109] The polymerizable functional group in the compound having a polymerizable functional group to be reacted
with the above-mentioned intermediate is preferably a group having a carbon-carbon double bond as a polymerizable
functional group, examples of which include a vinyl group, an acryloyloxy group, a methacryloyloxy group, a urethane
(meth)acryloyloxy group, such as a methacryloyloxyethylcarbamate group, a styryl group and its derivatives, a vinyl
amide group and its derivative, respectively. Among these polymerizable functional groups, an acryloyloxy group, a
methacryloyloxy group, a urethane (meth)acryloyloxy group, and a styryl group are preferred from the viewpoint of
polymerizability.

[0110] The second synthesis method for the polymerizable compound of the formula (E-1) is a method of directly
producing a polymerizable compound containing a mononuclear iridium complex part by reacting a binuclear iridium
complex of the formula (E-9) with a picolinic acid derivative of the formula (E-11):

B
X RIE
2%
Q ( R (E-11)
Ho  N—7R3E

wherein XE represents a substituent having a polymerizable functional group, and R'E, R2E and R3E independently
represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester
group, or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms.

[0111] The XE in the formula (E-11), which is a substituent having a polymerizable functional group, is preferably a
substituent having a carbon-carbon double bond as a polymerizable functional group. Examples thereof include a meth-
acryloyloxy group, a methacryloyloxyethylcarbamoyloxy group, a methacryloyloxyethylcarbamoyloxymethyl group, a
vinylbenzyloxy group, a methacryloyloxyethyloxycarbonyl group and the like. However, the present invention is by no
means limited thereto.

[0112] Examples of R'E, R2E and R3E in the formula (E-11) include a hydrogen atom, a halogen atom, alkyl groups
such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and hexyl, alkoxy groups such as methoxy,
ethoxy, propoxy, isobutoxy, and tert-butoxy, an aralkyl group, an acetoxy group, an ester group such as propoxycarbonyl,
and the like organic groups. These organic groups may further contain substituents such as a halogen atom.

Polymerizable compound (F-1)

[0113] In the substituent having a polymerizable functional group represented by X'F, Y1F and Z'F in the formula (F-
1), a polymerizable functional group may be any of a radical polymerizable group, a cation polymerizable group, an
anion polymerizable group, an addition polymerizable group, and a condensation polymerizable group. Among these,
a radical polymerizable functional group is preferred. Examples of the polymerizable functional group include those
groups having a vinyl group, an allyl group, an alkenyl group, an alkenoyloxy group such as an acryloyloxy group and
a methacryloyloxy group, a urethane (meth) acryloyloxy group such as a methacryloyloxyethylcarbamate group, a styryl
group and its derivatives, a vinyl amide group and its derivatives, respectively. Among these polymerizable functional
groups, an acryloyloxy group, a methacryloyloxy group, a urethane (meth)acryloyloxy group, and a styryl group are
preferred from the viewpoint of polymerizability.

[0114] In the formulae (F-1), (F-2), (F-12), and (F-15) to (F-21), the "organic group having 1 to 20 carbon atoms which
may have one or more heteroatoms" is not particularly limited as far as it is not detrimental to the purpose of the present
invention and may have a heteroatom such as an oxygen atom, a nitrogen atom, a sulfur atom or a halogen atom.
Preferred examples of such an organic group include an alkyl group, an alkoxy group, an alkoxyalkyl group, an aryl
group, an aryloxy group, an aralkyl group or an aralkoxy group having 1 to 20 carbon atoms and halogen-substituted
derivatives thereof.

[0115] Examples of the substituents having no polymerizable functional group represented by Q'F, Q2F and Q3F out
of X'F, Y1F and Z1F in the formulae (F-1), (F-2), (F-12), and (F-15) to (F-21), include a hydrogen atom, a halogen atom,
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alkyl groups such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and hexyl, an aralkyl group, alkoxy
groups such as methoxy, ethoxy, propoxy, isobutoxy, and tert-butoxy, an acetoxy group, an ester group such as pro-
poxycarbonyl, an aryl group, and the like organic groups. Among these, a hydrogen atom, a halogen atom, and alkyl
groups having 1 to 20 carbon atoms are preferred.

[0116] The R'to R'6in the formulae (F-1), (F-15) and (F-18) include a hydrogen atom, a halogen atom, a nitro group,
an amino group, a sulfonic acid group, a sulfonic acid ester group such as methyl sulfonate, alkyl groups such as methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and hexyl, an aralkyl group, alkoxy groups such as methoxy,
ethoxy, propoxy, isobutoxy, and tert-butoxy, an acetoxy group, an ester group such as propoxycarbonyl, an aryl group,
and the like organic groups, provided that they fall in the range as defined above. These organic groups may further
have substituents such as a halogen atom, a nitro group, and an amino group. Among these, a hydrogen atom, a halogen
atom, and alkyl groups having 1 to 20 carbon atoms are preferred.

[0117] "A"s in the formula (F-6) and (F-9) are organic groups having 3 to 20 carbon atoms, containing an acryloyl
group, a methacryloyl group, an acryloyloxy group or a methacryloyloxy group . The organic groups may have a heter-
oatom such as an oxygen atom, a nitrogen atom, a sulfur atom, or a halogen atom as far as it is not detrimental to the
purpose of the present invention. Preferred examples of such an organic group include an alkyl group, an aryl group
and an aralkyl group. Further, these groups may contain an isocyanate bond.

[0118] Next, examples of the synthesis methods for the polymerizable compound in the formula (F-1) will be presented
below. However, the present invention is by no means limited thereto.

[0119] A first synthesis method is a method of producing a polymerizable compound containing a mononuclear iridium
complex part by reacting a binuclear iridium complex represented by the formula (F-15) with a compound having a
polymerizable functional group represented by the formula (F-16):

(F-15)

wherein R1 to R16 independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic
acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have one or more
heteroatoms.

YlF

1F 1iF
X WZ (F-16)

0 O

wherein at least one of X'F, Y1F, and Z'F represents a substituent having a polymerizable functional group, and the
remainder of X1F, Y1F and Z'F independently represent a hydrogen atom, a halogen atom or an organic group having
1 to 20 carbon atoms which may have one or more heteroatoms.

[0120] The binuclear iridium complex of the formula (F-15) can be synthesized by the known method (S. Lamansky
et al., Inorganic Chemistry, 40, 1704 (2001)). Examples of R to R6 in the formula (F-15) include a hydrogen atom, a
halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group such as methyl sulfonate,
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alkyl groups such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and hexyl, an aralkyl group such
as a benzyl group, alkoxy groups such as methoxy, ethoxy, propoxy, isobutoxy, and tert-butoxy, an acetoxy group, an
ester group such as propoxycarbonyl, and the like organic groups. These organic groups may further contain substituents
such as a halogen atom, a nitro group, and an amino group. Among these, a hydrogen atom, a halogen atom, and alkyl
groups having 1 to 20 carbon atoms are preferred.

[0121] At least one of the substituents X1F Y1F and Z'F of the compound of the formula (F-16) is a substituent having
polymerizable functional group and has the same meaning as explained on the formula (F-1) The substituent having no
polymerizable functional group represented by the substituents X'F, Y1F and Z'F of the compound of the formula (F-16)
are the same as in the case of the formula (F-1).

[0122] A second synthesis method for the polymerizable compound of formula (F-1) is a method of producing a
polymerizable compound containing a mononuclear iridium complex part by reacting a binuclear iridium complex rep-
resented by the formula (F-15) with a compound having a reactive substituent represented by the formula (F-17) to
obtain a mononuclear iridium complex having a reactive substituent as an intermediate, and then reacting the reactive
substituent of the intermediate with a compound having a polymerizable functional group:

(F-15)

wherein R1 to R16 independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic
acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have one or more
heteroatoms.

2F 2F
X \H)YZ (F-17)

wherein at least one of X2F, Y2F and Z2F represents a reactive substituent, and the remainder of X2F, Y2F and Z2F
independently represent a hydrogen atom, a halogen atom or an organic group having 1 to 20 carbon atoms which may
have one or more heteroatoms.

[0123] Atleastone ofthe substituents X2F, Y2F and Z2F of the formula (F-17) is a reactive substituent having a functional
group, for example, a hydroxyl group. Examples of the functional group may include an active hydrogen, such as a
hydroxyl group, a mercapto group, and an amino group, and a carboxyl group. However, the present invention is by no
means limited thereto. Examples of the reactive substituent having a functional group include a hydroxyl group, a
hydroxyalkyl group, a hydroxyphenyl group, a mercapto group, an amino group and the like.

[0124] Further, the reactive substituent may be protected with a protective group. In this case, the reaction is performed
asitis, i.e., in a state where the reactive substituent is protected with a protective group to obtain a mononuclear iridium
complex, which then is subjected to deprotection to obtain a mononuclear iridium complex having a reactive substituent
as an intermediate. Thereafter, the reactive substituent of the intermediate and a compound having a polymerizable
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functional group are reacted to obtain a polymerizable compound containing a mononuclear iridium complex part. From
the functional groups for the reactive substituents are to be excluded the above-mentioned polymerizable functional
groups.

[0125] The substituents out of the substituents X2F, Y2F and Z2F of the compound of the formula (F-19) other than the
reactive substituents include a hydrogen atom, a halogen atom, alkyl groups such as methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, tert-butyl, amyl, and hexyl, alkoxy groups such as methoxy, ethoxy, propoxy, isobutoxy, and tert-butoxy,
an acetoxy group, an ester group such as propoxycarbonyl, an aryl group, and the like organic groups. These substituents
may further have a substituent such as a halogen atom.

[0126] The compound having a polymerizable functional group to be reacted with the mononuclear iridium complex
having a reactive substituent obtained by the reaction between the binuclear iridium complex and the compound of the
formula (F-17) having a reactive substituent must have in addition to the polymerizable group a functional group having
a group reactive with the reactive substituent X2F, Y2F, and Z2F in the formula (F-17). Examples of such a functional
group include an isocyanato group and a carboxyl group when the reactive substituents X2F, Y2F or Z2F are groups that
contain a hydroxyl group, such as a hydroxymethyl group or a hydroxyl group, or an isocyanato group and an acid
chloride (R-COC1) group when the reactive substituents X2F, Y2F or Z2F are groups that contain a mercapto group or
an amino group, or a hydroxyl group when the reactive substituents X2F, Y2F or Z2F are groups that contain a carboxyl
group.

[0127] In the case of the second synthesis method for the polymerizable compound of formula (F-1), R to R'6 in the
formula (F-15) must be selected from groups that do not react with the compound having a polymerizable functional
group to be reacted with the above-mentioned mononuclear iridium complex.

[0128] Examples of the compound having a polymerizable functional group to be reacted with the above-mentioned
mononuclear iridium complex include polymerizable acid chlorides and polymerizable isocyanates. However, the present
invention is by no means limited thereto. In these compounds, the polymerizable functional group may be any of a radical
polymerizable group, a cation polymerizable group, an anion polymerizable group, an addition polymerizable group, and
a condensation polymerizable group. Among these, a radical polymerizable functional group is preferred. The polymer-
izable functional group is preferably a group having a carbon-carbon double bond. Examples thereof include a vinyl
group, an allyl group, an alkenyl group, an alkenoyloxy group such as an acryloyloxy group and a methacryloyloxy group,
a urethane (meth)acryloyloxy group such as a methacryloyloxyethylcarbamate group, a styryl group and its derivatives,
a vinyl amide group and derivatives thereof. Among these polymerizable functional groups, an acryloyloxy group, a
methacryloyloxy group, and a urethane (meth)acryloyloxy group are preferred from the viewpoint of polymerizability.
Specifically, examples of the polymerizable acid chloride include acrylic acid chloride, methacrylic acid chloride and the
like. Examples of the polymerizable isocyanate include methacryloyl isocyanate, methacryloyloxyethyl isocyanate and
the like.

[0129] The chemical formulae such as the formula (F-1) representing the compounds of the presentinvention represent
metal complex structures, in which O-C-C-C-O indicates a resonant structure. Of course they include chemically ac-
ceptable structures.

Polymerizable compound (G-1)

[0130] The monovalentanionic bidentate ligand represented by L in the formula (G-1) is a monovalent anion compound
obtainable by eliminating one hydrogen atom from a compound having in the molecule a nonionic coordination site such
as a pyridine ring, a carbonyl group, or an imine group, and a site that can become a monovalent anionic coordination
site upon elimination of one hydrogen ion, such as a phenyl group, a hydroxyl group, or a carboxyl group, or from a
compound having a conjugate structure having two coordination sites that can become a monovalent anionic group as
a whole upon elimination of one hydrogen ion, such as a B-diketone. Among these compounds, preferred are compounds
that can form a 5-membered or 6-membered ring structure including the iridium atom when the compound is coordinated
to one iridium atom at the two coordination sites thereof. Examples of such preferred compounds include monovalent
anionic compounds derived from 2-phenylpyridine, B-diketone, picolinic acid, N-alkylsalicylimine, 8-hydroxyquinoline,
and derivatives thereof by eliminating one hydrogen ion. Among these bidentate ligands, monovalent anionic compounds
derived from B-diketone, picolinic acid and N-alkylsalicylimine by elimination of one hydrogen atom are preferred from
the viewpoint of light emission characteristics.

[0131] In the substituent having a polymerizable functional group represented by X in the formula (G-1), the polym-
erizable functional group may be any one of a radical polymerizable substituent, a cation polymerizable substituent, an
anion polymerizable substituent, an addition polymerizable substituent, and a condensation polymerizable substituent.
Among these, a radical polymerizable functional group is preferred. The polymerizable functional group is preferably a
group having a carbon-carbon double bond. Examples thereof include a vinyl group, an allyl group, an alkenyl group,
alkenoyloxy groups such as an acryloyloxy group and a methacryloyloxy group, a urethane (meth) acryloyloxy group
such as methacryloyloxyethyl carbamate, a styryl group and derivatives thereof, a vinyl amide group and derivatives
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thereof. Among the polymerizable functional groups, an acryloyloxy group, a methacryloyloxy group, a urethane (meth)
acrylate and a styryl group are preferred from the viewpoint of polymerizability. Specifically, examples of the substituent
having a polymerizable functional group include a methacryloyloxy group, a methacryloyloxyethylcarbamoyloxy group,
and a vinylbenzyloxy group. However, the present invention is by no means limited thereto. The position to which these
substituents are bonded may be any one of the 3-, 4-, 5- and 6-positions of the phenyl group of the phenylpyridine ligand.
[0132] In the formulae (G-1), (G-2), (G-6), (G-7), (G-9) and (G-10), the "organic group having 1 to 20 carbon atoms
which may have one or more heteroatoms" in each formula is not particularly limited as far as it is not detrimental to the
purpose of the present invention. Preferred examples of such organic group include an alkyl group, an alkoxy group, an
alkoxyalkyl group, an aryl group, an aryloxy group, an aralkyl group, an aralkoxy group having 1 to 20 carbon atoms
and halogen-substituted derivatives thereof .

[0133] Examples of the R! to R7 in the formula (G-1) include a hydrogen atom, a halogen atom, a nitro group, an
amino group, a sulfonic acid group, a sulfonic acid ester group such as methyl sulfonate, alkyl groups such as methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and hexyl, alkoxy groups such as methoxy, ethoxy, propoxy,
isobutoxy, and tert-butoxy, an aralkyl group, an acetoxy group, an ester group such as propoxycarbonyl, and the like
organic groups. These organic groups may further have substituents such as a halogen atom, a nitro group, and an
amino group . Among these, a hydrogen atom, a halogen atom and alkyl groups having 1 to 20 carbon atoms are
preferred. It should be noted that although in the formula (G-1), the two sets of R! to R” bonded to two phenylpyridine
groups are explained to be the same, they may be different for different phenylpyridine skeletons.

[0134] Among the compounds of the formula (G-1), those compounds in which the monovalent anionic bidentate
ligand represented by L is a compound derived from (3-diketone by elimination of one hydrogen ion is indicated by the
formula (G-2).

(G-2)

wherein A6, A2G and A3G independently represent a hydrogen atom, a halogen atom or an organic group having 1 to
20 carbon atoms which may have one or more heteroatoms. XC represents a substituent having a polymerizable functional
group, and R' to R” independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic
acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have one or more
heteroatoms.

[0135] Examples of the A1G, A2G and A3G in the formula (G-2) include a hydrogen atom, a halogen atom, alkyl groups
such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and hexyl, alkoxy groups such as methoxy,
ethoxy, propoxy, isobutoxy, and tert-butoxy, an aralkyl group, an acetoxy group, an ester group such as propoxycarbonyl,
and the like organic groups. These organic groups may further have substituents such as a halogen atom.

[0136] In the formula (G-2), the substituent having a polymerizable functional group, represented by X& and R to R”
have the same meanings as those in the formula (G-1).

[0137] The chemical formulae such as the formula (G-1) representing the compounds of the presentinvention represent
metal complex structures, and O-C-C-C-O in the chemical formulae such as the formula (G-2) indicates a resonant
structure. Of course they include chemically acceptable structures.

[0138] Next, examples of the synthesis methods for the polymerizable compound of formula (G-1) will be presented
below. However, the present invention is by no means limited thereto.

[0139] Afirst synthesis method for the polymerizable compounds is a method of producing a polymerizable compound
containing a mononuclear iridium complex part by reacting a binuclear iridium complex having a reactive substituent
represented by the formula (G-6) with a compound that can become a monovalent anionic bidentate ligand upon elim-
ination of one hydrogen ion to form a mononuclear iridium complex having a reactive substituent as an intermediate,
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and then reacting the reactive substituent of the intermediate with a compound having a polymerizable functional group:

(G-6)

wherein YC is a substituent having a reactive functional group, and R to R independently represent a hydrogen atom,
a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic group
having 1 to 20 carbon atoms which may have one or more heteroatoms.

[0140] The binuclear iridium complex of the formula (G-6) can be synthesized by the known method (S. Lamansky et
al., Inorganic Chemistry, 40, 1704 (2001)).

[0141] The YC in the formula (G-6) is a substituent having a reactive functional group, examples of which include a
hydroxyl group, a mercapto group, an amino group, and a carboxyl group. However, the present invention is by no
means limited thereto. The substituent YG having a reactive functional group may be the above-mentioned functional
group by itself or a substituent having a functional group such as a hydroxymethyl group. The reactive functional group
of YG may be protected with a protective group. In this case, the reaction is performed by using the complex or compound
having a protected reactive substituent as it is to obtain a mononuclear iridium complex having a monovalent anionic
bidentate ligand L, which then is subjected to deprotection to obtain a mononuclear iridium complex having a substituent
YG containing a reactive functional group as an intermediate. A further reaction between the reactive substituent of the
intermediate and a compound having a polymerizable functional group gives rise to a polymerizable compound containing
a mononuclear iridium complex part. From the functional groups for the reactive substituents are to be excluded the
above-mentioned polymerizable functional groups.

[0142] Inthe formula (G-6), R to R7 have the same meanings as those in the formula (G-1). As in the formula (G-1),
the four sets of R' to R7 bonded to four phenylpyridine skeletons may be different for different phenylpyridine skeletons.
[0143] Examples of the compound that can become a monovalent anionic bidentate ligand upon elimination of one
hydrogenioninclude 2-phenylpyridine, f-diketone, picolinic acid, N-alkylsalicylimine, 8-hydroxyquinoline, and derivatives
thereof. However, the present invention is by no means limited thereto.

[0144] The compound having a polymerizable functional group to be reacted with the mononuclear iridium complex
having a substituent YC containing a reactive functional group obtained by the reaction between the binuclear iridium
complex having a substituent containing a reactive functional group of the formula (G-6) and the compound that can
become a monovalent anionic bidentate ligand upon elimination of one hydrogen ion must have in addition to the
polymerizable group a functional group to be reacted with a substituent Y having a reactive functional group in the
formula (G-6). The R to R” in the formula (G-6) must be selected from groups that do not react with the compound
having a polymerizable functional group to be reacted with the above-mentioned mononuclear iridium complex.
[0145] Examples of the compound having a polymerizable functional group to be reacted with the above-mentioned
intermediate include polymerizable acid chlorides, polymerizable alkyl halides, and polymerizable isocyanates. However,
the present invention is by no means limited thereto. The polymerizable functional group may be any one of a radical
polymerizable group, a cation polymerizable group, an anion polymerizable group, an addition polymerizable group, and
a condensation polymerizable group. Among these, a radical polymerizable functional group is preferred. The polymer-
izable functional group is preferably a group having a carbon-carbon double bond. Examples thereof include a vinyl
group, an allyl group, an alkenyl group, alkenoyloxy groups such as an acryloyloxy group and a methacryloyloxy group,
a urethane (meth) acryloyloxy group such as methacryloyloxyethyl carbamate, a styryl group and derivatives thereof, a
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vinyl amide group and derivatives thereof. Among the polymerizable functional groups, an acryloyloxy group, a meth-
acryloyloxy group, a urethane (meth) acryloyloxy group, and a styryl group are preferred from the viewpoint of polym-
erizability. Specifically, examples of the polymerizable acid chloride include acrylic acid chloride, methacrylic acid chloride
and the like. Examples of the polymerizable alkyl halide include vinylbenzyl chloride. Examples of the polymerizable
isocyanate include methacryloyl isocyanate and methacryloyloxyethyl isocyanate.

[0146] A second synthesis method for the polymerizable compound of the formula (G-1) is a method of directly pro-
ducing a polymerizable compound containing a mononuclear iridium complex part by reacting a binuclear iridium complex
represented by the formula (G-7) having a polymerizable functional group with a compound that can become a monovalent
anionic bidentate ligand upon elimination of one hydrogen ion:

(G=17)

wherein XC is a substituent having a polymerizable functional group, and R to R” independently represent a hydrogen
atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic
group having 1 to 20 carbon atoms which may have one or more heteroatoms.

[0147] In the formula (G-7), the substituent having a polymerizable functional group represented by XC has the same
meaning as in the formula (G-1). R" to R” have the same meanings as those in the formula (G-1).

[0148] Examples of the compound that can become a monovalent anionic bidentate ligand upon elimination of one
hydrogenioninclude 2-phenylpyridine, B-diketone, picolinic acid, N-alkylsalicylimine, 8-hydroxyquinoline, and derivatives
thereof. However, the present invention is by no means limited thereto.

[0149] The composition containing a polymerizable light emitting compound for use in the polymer light emitting
material of the present invention may contain an electron transporting compound for forming an electron transport layer.
As the electron transporting compound, known electron transporting material, such as quinolinol derivative metal com-
plexes, oxadiazole derivatives, and triazole derivatives may be used. However, the present invention is by no means
limited thereto. The electron transporting materials may be used singly or in admixture with other electron transporting
materials.

[0150] The electron transporting compound contained in the composition containing a polymerizable light emitting
compound used for the polymer light emitting material of the present invention may be a electron transporting material
that is polymerizable. The use of electron transporting compound being polymerizable is more preferable, since the
freedom in selecting the composition containing a polymerizable light emitting compound for use in the polymer light
emitting material of the present invention is increased.

[0151] Examples of the polymerizable electron transporting compound include those compounds composed of the
above-mentioned known electron transporting compounds such as quinolinol derivative metal complex such as Alqgs
(trisquinolinol aluminum), oxadiazole derivatives, and triazole derivatives to which at least one polymerizable functional
group, such as a (meth) acrylic group, a vinyl group, a styryl group, an isocyanate group, or a thiocyanate group, is
bonded. Specific examples thereof include bisquinolinol methacryloyloxy quinolinol aluminum, quinolinol bismethacry-
loyloxy quinolinol aluminum, methacryloyloxy oxadiazole, styryl oxadiazole, bisstyryl oxadiazole and the like. In the case
of the polymerizable electron transporting compound, crosslinking polymerizable electron transporting compounds such
as quinolinol bismethacryloyloxy quinolinol aluminum and bisstyryl oxadiazole are preferred.

[0152] The composition containing a polymerizable light emitting compound for use in the polymer light emitting
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material of the present invention may contain other polymerizable compounds. The existence of other polymerizable
compounds in the composition is preferable since such increases the freedom in selecting the composition.

[0153] Other polymerizable compounds are not particularly limited as far as they do not inhibit light emission of the
polymer light emitting material of the present invention. Examples thereof include methyl methacrylate, ethyl acrylate,
ethylene glycol dimethacrylate, propylene glycol diacrylate, trimethylolpropane triacrylate, styrene, stilbene and the like.
In the case of other polymerizable compounds, crosslinking compounds such as ethylene glycol dimethacrylate, pro-
pylene glycol diacrylate, trimethylolpropane triacrylate and stilbene are preferred.

[0154] The polymerizable composition for use in the polymer light emitting material of the present invention may
contain a polymerization initiator. Any polymerization initiator may be used without particular limitations as far as it can
initiate the polymerization of the above-mentioned polymerizable functional groups. Depending on the mechanism of
polymerization of the polymerizable functional group, a radical polymerization initiator, a cation polymerization initiator,
an anion polymerization initiator and the like can be used. A radical polymerization initiator is preferred. Further, classifying
the polymerization initiators by the mechanism of their activation, a thermal polymerization initiator and an optical po-
lymerization initiator can be used. The optical polymerization initiator as used herein refers to those that initiate polym-
erization by actinic rays such as visible light, ultraviolet ray, electron beam, and gamma ray.

[0155] Examples of the thermal radical polymerization initiator include azo compounds such as 2,2’-azobisisobuty-
ronitrile (AIBN) and 2,2’-azobisisovaleronitrile, ketone peroxides such as methyl ethyl ketone peroxide, methyl isobutyl
ketone peroxide, and cyclohexanone peroxide, diacyl peroxides such as benzoyl peroxide, decanoyl peroxide, and
lauroyl peroxide, dialkyl peroxides such as dicumyl peroxide, t-butyl cumyl peroxide, and di-t-butyl peroxide, peroxy
ketals such as 1,1-bis(t-hexylperoxy)-3,3,5-trimethylcyclohexane, 1,1-di-t-butylperoxycyclohexane, and 2,2-(di-t-butylp-
eroxy)butane, alkyl peroxy esters such as t-butyl peroxypivalate, t-butyl peroxy-2-ethylhexanoate, t-butyl peroxyisobu-
tyrate, di-t-butyl peroxyhexahydroterephthalate, di-t-butyl peroxyazelate, t-butyl peroxy-3,5,5-trimethylhexanoate, t-butyl
peroxyacetate, t-butyl peroxybenzoate, di-t-butyl peroxytrimethyladipate, t-butyl peroxy-2-ethylhexanoate, t-hexyl per-
oxy-2-ethylhexanoate, percarbonates such as diisopropyl peroxydicarbonate, di-sec-butyl peroxydicarbonate, and t-
butyl peroxyisopropylcarbonate, and the like.

[0156] Examples of the optical radical polymerization initiator include acetophenone, acetophenone derivatives such
as 2,2-dimethoxy-2-phenylacetophenone, diethoxyacetophenone, 1-hydroxycyclohexylphenylketone, 2-methyl-
1-[4-(methylthio)-phenyl]-2-morpholino-1-propanone, 2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)-1-butanone,
and 2-hydroxy-2-methyl-1-phenylpropan-1-one, benzophenone, benzophenone derivatives such as 4,4’-bis(dimethyl-
amino)benzophenone, and 4-trimethylsilylbenzophenone, 4-benzoyl-4’-methyldiphenyl sulfide, benzoin, benzoin deriv-
atives such as benzoin ethyl ether, benzoin propyl ether, benzoin isobutyl ether, and benzoin isopropyl ether, methyl
phenyl glyoxylate, benzoin dimethyl ketal, 2,4,6-trimethylbenzoyldiphenylphosphine oxide, and so forth.

[0157] The use amount of the polymerization initiators is in a range of from 0.001 to 5 mass% and preferably from
0.01 to 1 mass%, based on the weight of the polymerizable composition of the present invention.

[0158] The polymerizable composition containing at least one light emitting compound of the present invention can
be formed in a form of a film on a layer that serves as a base by a coating method. The layer that serves as a base may
vary depending on the construction of the organic light emitting device. In the case of the device shown in Fig. 1, the
hole transporting layer 3 serves as a base layer, and in Examples 19 to 22, an ITO anode serves as a base layer. Upon
coating the polymerizable composition containing at least one light emitting compound of the present invention on a
base layer, the composition may also be coated after diluting it with a solvent. The dilution with a solvent can decrease
the viscosity of the composition so that the film thickness can be reduced. The solvent used can be removed by a
treatment such as heating or reduction in pressure before, during or after the polymerization.

[0159] Althoughitis not generally limited, the thickness of the light emitting layer composed of the polymer light emitting
material of the present invention is preferably from 1 nm to 10 wm and more preferably from 5 nm to 1 um.

[0160] A layer containing a light emitting material for organic light emitting device of the present invention can be
prepared by forming (for example, by coating) a composition containing a polymer light emitting material into a form of
a film on a layer that serves as a base for an organic EL device, or by forming a polymerizable composition containing
at least one light emitting compound into a form of a film on a layer that serves as a base for an organic EL device and
then polymerizing it to form a polymer.

[0161] The layer containing a light emitting material for organic light emitting device as used herein means (1) a layer
containing only a light emitting material, (2) a layer containing a hole transporting material, a light emitting material and
an electron transporting material, (3) a layer containing a hole transporting material and a light emitting material, or (4)
a layer containing a light emitting material and an electron transporting material.

[0162] When a polymer light emitting material has a crosslinked structure, it is difficult that the polymer obtained by
polymerizing is formed into a film under normal conditions. In the case where the crosslinkable compound having two
or more polymerizable functional groups is homopolymerized by a solution polymerization method, the crosslinked
polymer precipitates in the solvent as insoluble matter. Therefore, the crosslinked polymer in film form can be produced
by dissolving a polymerizable light emitting compound into a solvent or other liquid monomers, forming it into a film by
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printing methods such as a spin coating method, dip coating and ink jet printing method, screen printing method and
micro gravure method, and then polymerizing it.

[0163] Inthe case of copolymerizing of the crosslinkable compound with a large amount of monofunctional monomers,
copolymer having a solubility to the solvent can be obtained and be coated on a substrate of an organic light emitting
device in liquid state. In this case, the monofunctional monomer must be used in large excess to an amount of the
crosslinkable compound.

[0164] In the organic light emitting device of the present invention, formation of a hole transport layer and an electron
transport layer on the both sides or one side of the light emitting layer can further improve the light emission efficiency
and/or durability of the device.

[0165] As the hole transport material for forming a hole transport layer, known hole transport materials such as triphe-
nylamine derivatives, e.g., TPD (N,N’-diphenyl-N,N’-(3-methylphenyl)-1,1-biphenyl-4,4’-diamine), o-NPD (4,4’-bis[N-(1-
naphthyl)-N-phenylamino]biphenyl), and m-MTDATA (4,4’,4" -tris(3-methylphenylphenylamino)triphenylamine), and
polyvinylcarbazole may be used. These hole transporting materials may be used singly or in admixture with or laminated
on other hole transporting materials. The thickness of the hole transport layer also depends on the electroconductivity
of the hole transport layer so that it cannot be generally limited. However, it is preferably from 10 nm to 10 wm and more
preferably from 10 nm to 1 pm.

[0166] As the electron transporting material for forming an electron transport layer, known electron transporting ma-
terial, such as quinolinol derivatives metal complexes, e.g., Algs (trisquinolinol aluminum), oxadiazole derivatives, and
triazole derivatives may be used. However, the presentinvention is by no means limited thereto. The electron transporting
materials may be used singly or in admixture with or laminated on other electron transporting materials. The thickness
of the electron transport layer also depends on the electroconductivity of the electron transport layer so that it cannot
be generally limited. However, it is preferably from 10 nm to 10 wm and more preferably from 10 nm to 1 pm.

[0167] The light emitting material, hole transport material and electron transport material used in the above-mentioned
light emitting layer can be used singly for forming each layer. In addition, the polymer material may be used as a binder
for forming each layer. Examples of the polymer material used for this purpose include polymethyl methacrylate, poly-
carbonate, polyester, polysulfone, polyphenylene oxide and the like. However, the present invention is by no means
limited thereto.

[0168] The light emitting material, hole transporting material and electron transporting material used in the above-
mentioned light emitting layer can be formed into a film by using various methods such as a resistance heating vapor
deposition method, an electron beam vapor deposition method, a sputtering method, a coating method, a solution coating
method, and a printing method and the present invention is not particularly limited thereto. In the case of low molecular
weight compounds, mainly resistance heating vapor deposition and electron beam vapor deposition are frequently used.
In the case of polymer materials, mainly a casting method and a solution casting method are frequently used.

[0169] As the anode material of the organic light emitting device of the present invention, known transparent electro-
conductive materials such as ITO (indium tin oxide), tin oxide, zinc oxide, electroconductive polymers, e.g., polythiophene,
polypyrrole and polyaniline can be used. However, the present invention is not particularly limited thereto. The surface
resistance of the electrode made of such a transparent electroconductive material is preferably 1 to 50 Q/CJ (ohm/square).
Such an anode material can be formed into a film by various methods such as an electron bean vapor deposition method,
a sputtering method, a chemical reaction method, and a coating method. However, the presentinvention is not particularly
limited thereto. The thickness of the anode is preferably from 50 to 300 nm.

[0170] For the purpose of relaxation of the injection barrier wall, a buffer layer may be inserted between the anode
and a hole transport layer or between the anode and an organic layer laminated adjacent to the anode. For the buffer
layer, known materials such as copper phthalocyanine and polyethylene dioxythiophene may be used. However, the
present invention is not particularly limited thereto.

[0171] As the cathode material of the organic light emitting device of the present invention, known cathode materials,
for example, Al, Mg-Ag alloys, alkaline earth metals such as Ca, alloys of Al and an alkaline metal, such as Al-Ca, and
the like may be used. However, the present invention is not particularly limited thereto . As the method of forming a film
of these cathode materials, a resistance heating vapor deposition method, an electron beam vapor deposition method,
a sputtering method, an ion plating method and the like can be used. However, the present invention is not particularly
limited thereto. The thickness of the cathode is preferably from 10 nm to 1 wm and more preferably from 50 to 500 nm.
[0172] For the purpose of improving the efficiency of electron injection, an insulating layer having a thickness of 0.1
to 10 nm may be inserted between the cathode and an electron transport layer or between the cathode and an organic
layer laminated adjacent to the cathode. For the insulating layer, known cathode materials such as lithium fluoride,
magnesium fluoride, magnesium oxide, and alumina may be used. However, the present invention is not particularly
limited thereto.

[0173] Furthermore, in order to prevent holes to pass through the light emitting layer and allow holes to efficiently
recombine with electrons within the light emitting layer, a hole blocking layer may be provided adjacent to the cathode
side of the light emitting layer. For forming such a hole blocking layer, known materials such as triazole derivatives and
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oxadiazole derivatives may be used. However, the present invention is not particularly limited thereto.

[0174] As the substrate of the organic light emitting device of the present invention, an insulating substrate transparent
to the emission wavelength of the light emitting material may be used. As such, known materials such as transparent
plastics including PET (polyethylene terephthalate) and polycarbonate as well as glass may be used. However, the
present invention is not particularly limited thereto.

[0175] The organic light emitting device of the present invention can constitute a matrix-type or segment-type pixels
by a known method. Also, it can be used as a backlight without forming pixels.

[0176] However, the present invention is not particularly limited thereto.

BEST MODE FOR CARRYING OUT THE INVENTION

[0177] Hereinafter, the present invention will be described in more detail by referring to typical examples. However,
the examples are merely exemplary for the purpose of explanation and the present invention should by no means be
limited thereto.

<Measurement Apparatus, etc.>

[0178]

1) TH-NMR

JNM EX270 manufactured by JEOL, Ltd.

270 MHz

Solvent: chloroform-d; or dimethyl sulfoxide-dg

2) GPC Measurement (Measurement of Molecular Weight)

Column : Shodex KF-G + KF804L + KF802 + KF801
Eluent : Tetrahydrofuran (THF)

Temperature :  40°C

Detector : RI (Shodex RI-71)

3) Elementary Analysis Equipment

Model CHNS-932, manufactured by LECO

4) ICP Elementary Analysis

ICPS 8000, manufactured by Shimadzu Corporation

<Reagents>

[0179] Unless otherwise indicated specifically, commercially available preparation (reagent grade) was used without
purification.

Example 1 : Synthesis of Polymerizable compound Ir(3-MA-PPy) (3-PrCO-PPy),

[0180]

(1) 2-(3-Methoxyphenyl)pyridine (3-MeO-PPy) was synthesized by a conventional method.

That is, as shown in the reaction scheme below, (3-methoxyphenyl) magnesium bromide was synthesized from 22.4 g
(120 mmol) of 3-bromoanisole with 3.4 g of magnesium in dry tetrahydrofuran (THF) in an argon stream by a conventional
manner. This was slowly added to a dry THF solution of 15.8 g (100 mmol) of 2-bromopyridine and 1.8 g of (1,2-bis
(diphenylphosphino)-ethane)dichloronickel (Il) (Ni(dppe)Cl,) and the mixture was stirred at 50°C for 1 hour. After adding
250 ml of 5% hydrochloric acid aqueous solution to the reaction mixture, the reaction mixture was extracted with chloroform
to obtain a target substance and the organic layer was distilled under reduced pressure. 17.4 g (93.9 mmol) of 2-(3-
methoxyphenyl)pyridine (3-MeO-PPy) was obtained as a colorless transparent liquid. Identification was performed by
CHN elementary analysis and TH-NMR.

TH-NMR (CDCls, ppm) : 8 8.68 (d, 1H), 7.72 (m, 2H), 7.59 (s, 1H), 7.54 (d, 1H), 7.37 (t, 1H), 7.22 (d,1H), 6.97 (d, 1H),
3.89 (s, 3H).

Elementary analysis  Calcd: C77.81, H599, N7.56.
Found: C77.44, H6.01, NZ7.53.
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H3CO H,CO,

Mg
Br —————> MgBr
THF

Br‘-<t> H3CO '
00
- \
. N /
Ni (dppe) C1,
3-MeO-PPy

(2) Then, 3-MeO-PPy thus obtained and tris(acetylacetonato)iridium (lll) (Ir(acac);) were allowed to react at a high
temperature as shown in the reaction scheme below to synthesize tris[2-(3-methoxyphenyl)pyridine]iridium (1) (Ir(3-
MeO-PPY),).

That is, 5.00 g (27.0 mmol) of 3-MeO-PPy and 2.0 g (4.1 mmol) of Ir (acac); were allowed to react in 200 ml of glycerol
at 250°C for 9 hours and purified using column chromatography to obtain 0.400 g (0.54 mmol) of Ir(3-MeO-PPy); as
yellow powder.

Repeating the above-mentioned operation 8 times afforded 3.20 g (4.32 mmol) in total of Ir(3-MeO-PPy),.
Identification of the product was performed by TH-NMR and CHN elementary analysis.

TH-NMR (CDCls5, ppm) : 8 7.82(d, 3H), 7.56 (t, 3H), 7.53(s- 3H), 7.25(d, 3H), 6.84(t, 3H), 6.67(d,3H), 6.60(d, 3H), 3.80
(s, 9H).

Elementary analysis  Calcd: C 58.05, H 4.06, N 5.64.
Found: C57.60, H4.17, NJ5.57.

H,CO

H5CO,
_— glycerol
\_ + Ir(acac); ————> OCH,
N
3-MeO-PPy

H,CO
Ir (3-MeO-PPy),

(3) The Ir(3-MeO-PPy)5 thus obtained was subjected to hydrolysis in an aqueous solution of hydrochloric acid by a
conventional method to convert the methoxy groups to hydroxyl groups to obtain [2-(3-hydroxyphenyl)pyridine]iridium
(11) (Ir(3-HO-PPy)3) as powder as shown in the reaction scheme below.
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H,0
OCHj EEE— OH
HC1
H3CO
Ir (3-MeO-PPy) ;5 Ir(3-HO-PPy),

(4) Ir(3-HO-PPy); was allowed to react with methacryloyl chloride in a molar ratio of 1:1 by the reaction scheme below
to esterify a part of the hydroxyl groups thereof, thereby synthesizing a complex composed mainly of Ir(3-MA-PPy)(3-
HO-PPy),. Then, the remaining hydroxyl groups were allowed to react with propionyl chloride (PrCOCI) to obtain a
complex composed mainly of Ir(3-MA-PPy) (3-PrCO-PPy),.

[0181] Thatis, aftercharging 32 mlofdry THF, 2.81 g (4 mmol) of Ir (3-HO-PPy); and 2.40 g (23. 6 mmol) of triethylamine
as a base in a reactor, a solution of 0.424 g (4 mmol) of methacryloyl chloride in 16 ml of dry THF was dripped over 30
minutes and the mixture was stirred at 20°C for 5 hours. To this reaction mixture, a solution of 1.48 g (16 mmol) of
propionyl chloride in 16 ml of dry THF was dripped over 30 minutes, followed by reaction of the resulting mixture at 20°C
for 5 hours to esterify the remaining hydroxyl groups to react. Then triethylamine hydrochloride was filtered off. The
solventin the filtrate was evaporated to dryness and the solid component was purified by recrystallization from chloroform/
methanol mixed solvent 2 times to afford 2.305 g (2. 60 mmol) of the objective compound Ir (3-MA-PPy) (3-PrCO-PPy),
as powder. Identification of the product was performed by "H-NMR and CHN elementary analysis.

"H-NMR (CDCl3, ppm) : & 7.82(m, 3H), 7.56(m, 6H), 7.26(m, 3H), 6.84(m, 3H), 6.67(m,3H), 6.61(m, 3H), 6.35(s, 1H) ,
5.74 (s, 1H), 2.67(q, 4H), 2.08(s, 3H), 1.42(t, 6H).

Elementary analysis  Calcd: C 58.49, H4.11, N 4.76.
Found: C€58.13, H4.10, N4.72.
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HO
\
IN /

N N “Tr OH

1 \ OH

N_
\ 7/

HO

Ir (3-HO-PPy) 3

CH,
]
H,C=C-C-0
1 © \—/
CH,CH,CC
3-H2y; N
O
- OCCH,CH,
({PrCcoOCl) 1l
O
CH?’CHZ(lfO

0
Ir (3-MA-PPy) (3—-PxCO-PPy),

Example 2 : Synthesis of Ir(3-MA-PPy)(3-PrCO-PPy), polymer

[0182] In areactor were charged 2.22 g (2.5 mmol) of Ir(3-MA-PPy) (3-PrCO-PPy) , complex synthesized in Example
1, 0.010 g (0. 061 mmol) of 2, 2’-azobis (isobutyronitrile) (AIBN) , and 30 ml of butyl acetate and the atmosphere was
exchanged with nitrogen. Thereafter, the mixture was allowed to react at 80°C for 10 hours (cf. Reaction Scheme below).
After completion of the reaction, the reaction mixture was dripped into acetone to perform reprecipitation and the resultant
polymer was recovered by filtration. A procedure of reprecipitation by dripping a chloroform solution of the recovered
polymer into methanol was further repeated 2 times to purify the polymer, which was then recovered and dried in vacuum
to afford 1.85 g of the objective Ir(3-MA-PPy)(3-PrCO-PPy), polymer as powder. The elementary analysis of C, H, N
and Ir of the obtained polymer indicated that the polymer had the same composition as Ir (3-MA-PPy) (3-PrCO-PPy),.
The weight average molecular weight of the polymer was 8, 000 in terms of polystyrene (by GPC measurement using
HFIP (hexafluoroisopropanol) as an eluent).
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r
CHZ'—(I:
C=0
(IIH3 I m

0]

OCCH,CH
0

CH;CH,C0 CH,CH,CO
o) 0
Ir (3-MA-PPy) (3-PrCO-PPy),

Example 3 : Synthesis of Polymerizable compound Ir(3-MOI-PPy) (3-PrCO-PPy),

[0183] A monomer intermediate Ir(3-HO-PPy); synthesized in the same manner as in Example 1 was allowed to react
with 2-methacryloyloxyethyl isocyanate (Trade name "Karenz MOI", manufactured by Showa Denko K. K., hereinafter
sometimes referred to as "MOI") in a ratio of 1:1 (molar ratio) and then the remaining hydroxyl groups were allowed to
react with PrCOCI to obtain a complex composed mainly of Ir(3-MOI-PPy)(3-PrCO-PPy),.

[0184] Thatis, in a reactor were charged 32 ml of dry THF, 2.81 g (4 mmol) of Ir (3-HO-PPy)3, and 0.636 g (4 mmol)
of MOI, and after addition of a catalyst amount of dibutyltin (IV) dilaurate, the mixture was allowed to react at 20°C for
5 hours. To this reaction mixture was added 2.400 g (24.5 mmol) of triethylamine as a base. Thereafter, a solution of
1.48 g (16 mmol) of propionyl chloride in 16 ml of dry THF was dripped over 30 minutes, followed by reaction at 20°C
for 5 hours to react the remaining hydroxyl groups. Then triethylamine hydrochloride was filtered off. The solvent in the
filtrate was evaporated to dryness and the solid component was purified by performing recrystallization from chloroform/
methanol mixed solvent 2 times to afford 2.62 g (2.70 mmol) of the objective compound Ir(3-MOI-PPy) (3-PrCO-PPYy),
as powder. Identification of the product was performed by "TH-NMR and CHN elementary analysis.

TH-NMR (CDCl5, ppm) : 8 7.82(m, 3H), 7.56(m, 6H), 7.26(m, 3H), 6.84(m, 3H), 6.67(m,3H), 6.61(m, 3H), 6.14(s, 1H),
5.61(s, 1H), 5.23 (br, 1H), 4.29(t, 2H), 3.58(m, 2H), 2.66(q, 4H), 1.95(s, 3H), 1.41(t, 6H).

Elementary analysis  Calcd: C56.95, H4.26, N5.78.
Found: C56.58, H4.25  N572
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Example 4 : Synthesis of Ir(3-MOI-PPy)(3-PrCO-PPy), polymer

[0185] In areactor were charged 2.43 g (2.5 mmol) of Ir(3-MOI-PPy) (3-PrCO-PPy) complex synthesized in Example
1, 0.010 g (0.061 mmol) of 2,2’-azobis(isobutyronitrile) (AIBN), and 30 ml of butyl acetate and the atmosphere was
exchanged with nitrogen. Thereafter, the mixture was allowed to react at 80°C for 10 hours (cf. Reaction Scheme below).
[0186] After completion of the reaction, the reaction mixture was dripped into acetone to perform reprecipitation and
the resultant polymer was recovered by filtration. A procedure of reprecipitation by dripping a chloroform solution of the
recovered polymer into methanol was further repeated 2 times to purify the polymer, which was then recovered and
dried in vacuum to afford 2.05 g of the objective Ir(3-MOI-PPy) (3-PrCO-PPy), polymer as powder. The elementary
analysis of C, H, N and Ir of the obtained polymer indicated that the polymer had substantially the same composition as
Ir (3-MOI-PPy) (3-PrCO-PPy),. The weight average molecular weight of the polymer was 18,000 in terms of polystyrene
(by GPC measurement using HFIP (hexafluoroisopropanol) as an eluent).
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Example 5 : Synthesis of (HPPy) Polymer Ir/PPy Complex

[0187] As shown in Reaction Scheme below, 1.98 g (5.00 mmol) of 5-bromo-2-(4-bromo-3-hexylphenyl)pyridine
(HPPyBr,) was polymerized in 10 ml of N,N-dimethylformamide (DMF) with bis(cyclooctadine)nickel(0) (Ni(COD),),
cyclooctadiene (COD) and 2,2'-bipyridine as catalysts by a conventional method to synthesize hexylphenylpyridine
polymer (HPPy polymer).

[0188] Then, 0.625 g (4 mmol) of the HPPy polymer and 0.099 g (0.2 mmol) of Ir (acac) 5 were dissolved in m-cresol
and allowed to react at 250°C for 10 hours. Further, to this solution was added 0.062 g (0.4 mmol) of 2-phenylpyridine
(PPy) and the mixture was allowed to react at 250°C for 10 hours. After completion of the reaction, the reaction mixture
was dripped into acetone to perform reprecipitation and the obtained polymer was recovered by filtration. A procedure
of reprecipitation by dripping a DMF solution of the recovered polymer into acetone was further repeated 2 times to
purify the polymer, which was then recovered and dried in vacuum to afford 0.564 g of the objective (HPPy) Polymer
Ir/PPy complex as powder. The elementary analysis of C, H, N and Ir of the obtained polymer supported the presumed
structure of the polymer. The weight average molecular weight of the polymer was 23,000 in terms of polystyrene (by
GPC measurement using HFIP (hexafluoroisopropanol) as an eluent).
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Example 6 to 8 : Fabrication and evaluation of organic light emitting devices

[0189] 5 Mass% hexafluoroisopropanol (HFIP) solutions of three phosphorescent polymers synthesized in Examples
2,4and5, i.e., Ir(3-MA-PPy)(3-PrCO-PPy), polymer, Ir(3-MOI-PPy)(3-PrCO-PPy), polymer, and (HPPy) polymer Ir/PPy
complex, respectively, were each coated in a size of 5 mm X 5 mm by a spin coating method on an ITO anode (ITO-
coated glass substrate) on which polyethylenedioxythiophene (PEDOT, manufactured by Bayer AG) had been prelim-
inarily coated to a thickness of 500 Angstroms and dried by heating at 80°C in vacuum for 10 hours to form phosphorescent
polymer layer having a thickness of about 1,000 Angstroms on the PEDOT/ITO anode for each polymer.

[0190] On the three types of (two for each) phosphorescent polymer/PEDOT/ITO electrodes, a layer of PBD (2-(4-
biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole) was formed as an electron transport layer to a thickness of about
500 Angstroms by vacuum deposition. Subsequently, on the electron transport layer was formed a layer of Ag/Mg in
atomic ratio of 1/10 to a thickness of about 1,000 Angstroms to fabricate 6 (two for each polymer) organic light emitting
devices. To these devices attached lead wires under argon atmosphere in a glove box and the devices were sealed in
a glass tube under argon atmosphere and used for evaluation of luminescence.

[0191] The luminance of the devices was measured by using a luminance meter BM-8, manufactured by Topcon
Corporation while applying a voltage to the organic light emitting device using a programmable direct voltage/current
source TR6143, manufactured by Advantest Corporation.

[0192] When the DC voltage was applied, luminescence starting voltage, initial luminance at a voltage of 10 V and
luminance after 240 hours’ consecutive luminescence with a fixed voltage of 10 V were obtained as shown in Table 1
(as an average of the two devices for each polymer).

Comparative Examples 1 and 2 : Fabrication and evaluation of organic light emitting devices

[0193] Four (two for each polymer) of organic light emitting devices were fabricated in the same manner as in Example
6, 7 and 8 except that 5 mass% chloroform solutions of intermediate complex Ir(3-MeO-PPy); synthesized in Example
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1 and PMMA (poly(methyl methacrylate)) in place of the 5 mass% HFIP solutions of the three phosphorescent polymers
used in Examples 6, 7 and 8 in proportions shown in Table 2. When a DC voltage was applied to the fabricated devices
in the same manner as in Examples 6, 7 and 8, luminescence starting voltage was 10 V and 11 V, respectively. Initial
luminance at a voltage of 12 V, and luminance after 240 hours’ consecutive luminescence with a fixed voltage of 12 V
were as shown in Table 2 (as an average of the two devices for each polymer) .

Table 1
i i 10 V Luminance (Cd/m?2)
Example | Phosphorescent Polymer Luminescence Starting Voltage
V) Initial After 240 Hours
6 Ir(3-MA-PPYy) (3-PrCO-PPYy), 5 1280 1180
Polymer
7 Ir (3-MOI-PPy) (3-PrCO-PPYy), 6 1450 1250
Polymer
8 (HPPy) Polymer Ir/PPy Complex 3 730 680
Table 2
. Complex (Ir (3-MeO-PPy),) Luminescence Starting 12V Luminance (Cd/m?)
Comparative Example .
/PMMA (Mass Ratio) Voltage (V) Initial After 240 Hours
1 1/5 10 150 70
2 1/2 11 120 50

Example 9 : Fabrication and evaluation of an organic light emitting device using a light emitting composition composed
of a phosphorescent polymer compound and a hole transporting polymer compound

[0194] 3 mass% chloroform solution of the phosphorescent polymer synthesized in Example 4, i.e., Ir (3-MOI-PPy)
(3-PrCO-PPy), polymer and poly(N-vinylcarbazole) was prepared. The solution contained the polymers in a ratio of 70
mass% of the Ir(3-MOI-PPy) (3-PrCO-PPy), polymer to 30 mass% of the poly(N-vinylcarbazole). Two organic light
emitting devices were fabricated in the same manner as in Examples 6, 7 and 8 except that this solution was used in
place of the 5 mass% HFIP solutions of the three phosphorescent polymer used in Examples 6, 7 and 8. When a DC
voltage was applied to the fabricated devices in the same manner as in Examples 6, 7 and 8, the luminescence starting
voltage was 5V and the luminance at 12 V was 1,860 cd/m2, and the luminance after 240 hours’ consecutive luminescence
at a fixed voltage of 12 V was 1, 690 cd/m? (as an average of the two devices for each polymer).

Example 10 : Fabrication and evaluation of an organic light emitting device using a light emitting composition composed
of a phosphorescent polymer compound and an electron transporting low molecular weight compound

[0195] 4 mass% chloroform solution of the phosphorescent polymer synthesized in Example 4, i.e., Ir(3-MOI-PPy)(3-
PrCO-PPy), polymer and PBD was prepared. The solution contained the polymers in a ratio of 70 mass% of the Ir (3-
MOI-PPy) (3-PrCO-PPy), polymer to 30 mass% of the PBD. This solution was coated in a size of 5 mm X 5 mm by a
spin coating method on an ITO anode (ITO-coated glass substrate) on which polyethylenedioxythiophene (PEDOT,
manufactured by Bayer AG) had been preliminarily coated to a thickness of 500 Angstroms and dried by heating at 80°C
in vacuum for 10 hours to form phosphorescent polymer composition layer having a thickness of about 1, 000 Angstroms
on the PEDOT/ITO anode. Subsequently, on each the phosphorescent polymer composition layer was formed a film of
Ag/Mg (weight ratio: 9/1) as a cathode to a thickness of about 1,000 Angstroms to fabricate two organic light emitting
devices . To these devices were attached lead wires in an argon atmosphere in a glove box and the devices were sealed
in a glass tube in an argon atmosphere and used for evaluation of luminescence. When a DC voltage was applied to
the fabricated devices in the same manner as in Examples 6, 7 and 8, the luminescence starting voltage was 6 V and
the luminance at 12 V was 1,580 cd/m2, and the luminance after 240 hours’ consecutive luminescence at a fixed voltage
of 12 V was 1,340 cd/mZ2 (as an average of the two devices for each polymer). Example 11 : Fabrication and evaluation
of an organic light emitting device using a light emitting composition composed of a phosphorescent polymer compound
and an electron transporting polymer compound

[0196] 3 mass% chloroform solution of the phosphorescent polymer synthesized in Example 4, i.e., Ir(3-MOI-PPy)(3-
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PrCO-PPy), polymer and the poly PBD synthesized by the method disclosed in Japanese Patent Application Laid-open
No. 10-1665 was prepared. The solution contained the polymers in a ratio of 70 mass% of the Ir(3-MOI-PPy) (3-PrCO-
PPy), polymer to 30 mass% of the poly PBD. Two organic light emitting devices were fabricated in the same manner
as in Example 10 except that this solution was used in place of the 5 mass% chloroform solution of the phosphorescent
polymer and PBD used in Example 10. When a DC voltage was applied to the fabricated devices in the same manner
as in Examples 6, 7 and 8, the luminescence starting voltage was 5 V and the luminance at 12 V was 1,710 cd/m2, and
the luminance after 240 hours’ consecutive luminescence at a fixed voltage of 12 V was 1, 580 cd/m2 (as an average
of the two devices for each polymer).

Example 12 : Synthesis of polymerizable light emitting compound Ir(3-MA-PPy),

[0197] In the same manner as in the synthesis described in Example 1, Ir(3-MeO-PPy); was subjected to hydrolysis
of methoxy groups in an aqueous solution of hydrochloric acid to convert them into hydroxyl groups to obtain tris(3-
hydroxyphenylpyridine)iridium (lll) (Ir(3-HO-PPy)3) as powder (cf. Reaction Scheme below).

[0198] Then, Ir (3-HO-PPy); was allowed to react with methacryloyl chloride in a molar ratio of 1: 3 to esterify all the
hydroxyl groups thereof to synthesize an Ir(3-MA-PPy); complex.

[0199] Thatis, in a reactor were charged 32 ml of dry THF, 2.81 g (4 mmol) of Ir (3-HO-PPy)5 and 2.40 g (23. 6 mmol)
of triethylamine as a base and a solution of 1.293 g (12.2 mmol) of methacryloyl chloride in 32 ml of dry THF was dripped
over 90 minutes to perform reaction at 20°C for 5 hours. The precipitated triethylamine hydrochloride was filtered off
and the solvent in the filtrate was evaporated to dryness. The obtained solid component was purified by performing
recrystallization from a mixed solvent of hexafluoroisopropanol/methanol two times to obtain 2.805 g (3.08 mmol) of the
objective trifunctional Ir(3-MA-PPy); as powder. Identification of the product was performed by "H-NMR and CHN ele-
mentary analysis.

"H-NMR (CDCls, ppm) : & 7.82(d, 3H), 7.58(t, 3H), 7.55(s, 3H), 7.26(d, 3H), 6.86(t, 3H), 6.67(d,3H), 6.63(d, 3H), 6.36
(s, 3H), 5.74(s, 3H), 2.09(s, 9H).

Elementary analysis  Calcd: C5959, H4.00, NA4.63.
Found: C59.21, H3.98, N4.58.

CH;

Ir (3-HO-PPy), Ir (3-MA-PPy),

Example 13 : Synthesis of polymerizable light emitting compound Ir(3-MOI-PPy),(3-PrCO-PPy)

[0200] The monomer intermediate Ir(3-HO-PPy); synthesized in the same manner as in Example 1 was allowed to
react with 2-methacryloyloxyethyl isocyanate (Trade name "Karenz MOI", manufactured by Showa Denko K. K., here-
inafter sometimes referred to as "MOI") in a ratio of 1: 3 (by mole) and the remaining OH group was allowed to react
with propionyl chloride (PrCOCI) to obtain an Ir (3-MOI-PPy) 2 (3-PrCO-PPy) complex.

[0201] Thatis, in a reactor were charged 48 ml of dry THF and 2.81 g (4 mmol) of Ir(3-HO-PPy); and 1.272 g (8 mmol)
of MOI and a catalyst amount of dibutyltin (V) dilaurate was added thereto, and the mixture was allowed to react at
20°C for 5 hours. After adding 2.400 g (24.5 mmol) of triethylamine as a base to the reaction mixture, a solution of 0.74
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g (8.0 mmol) of PrCOC1 in 8 ml of dry THF was dripped over 30 minutes and the mixture was allowed to react at 20°C
for additional 5 hours to esterify the remaining hydroxyl groups. The precipitated triethylamine hydrochloride was filtered
off and the solvent in the filtrate was evaporated to dryness. The obtained solid component was purified by performing
recrystallization from a mixed solvent of chloroform/methanol two times to obtain 2.75 g (2.57 mmol) of the objective Ir
(3-MOI-PPy) , (3-PrCO-PPy) as powder. Identification of the product was performed by "H-NMR and CHN elementary
analysis.

TH-NMR (CDCl3, ppm) : 8 7.81 (m, 3H), 7.54 (m, 6H), 7.26 (m, 3H), 6.86(m, 3H), 6.68(m,3H), 6.59(m, 3H), 6.13(s, 2H),
5.60(s, 2H), 5.22(br, 2H), 4.27(t, 4H), 3.57(m, 4H), 2.67(q, 2H), 1.95(s, 6H), 1.41 (t, 3H).

Elementary analysis  Calcd: C56.17, H4.34, NBG6.55.
Found: C55.86, H4.37, NBG6.51.

CI:H3 i
H,C=C~-CO-CH,CH,-NHCOQ
o) —
G
o 2 HoC=C-CO-CH,CH,-NCO ok
o -
(MOI)
CH,
H,C=C-CO-CH,CH,-NHCO
" = ]
o) o)
© Ir (3—~HO-PPy),
CH 0
H,C=C-CO~CH,CH,-NHCO
o} —
CH.CH,CC1 \
3y N
o) p
(Prcocl) v O CHCHy
N= O
cH, \_7/
H,C=C-CO-CH,CH,~NHCO
0 o}

Ir(3-MOI-PPy), (3-PrCO-PPy)

Examples 14 to 19 : Fabrication and evaluation of organic light emitting devices using polymerizable compositions

[0202] 10 Mass% chloroform solutions of combinations of the four phosphorescent polymerizable compounds syn-
thesized in Examples 1, 3, 12 and 13, i.e., monofunctional Ir(3-MA-PPy) (3-PrCO-PPy), monofunctional Ir(3-MOI-PPy)
(3-PrCO-PPYy),, trifunctional (3-MOI-PPy),, and bifunctional (3-MOI-PPy),(3-PrCO-PPYy), respectively as shown in Table
3 were prepared. After addition of AIBN (azobisbutyronitrile) as a polymerization initiator in an amount of 2 mass parts
per 100 mass parts of the total amount of the monomers, each of the solutions was coated in an area of a size of 5 mm
X 5 mm by a spin coating method on an ITO anode (ITO-coated glass substrate) on which polyethylenedioxythiophene
(PEDOT, manufactured by Bayer AG) had been preliminarily coated to a thickness of 500 Angstroms. This was dried
by heating at 60°C for 2 hours to polymerize and cure each monomer and further dried at 80°C under reduced pressure
for 8 hours to form phosphorescent polymer layer having a thickness of about 1, 000 Angstroms on the PEDOT/ITO
anode for each combination.

[0203] On each of the six types of (total twelve) phosphorescent polymer/PEDOT/ITO electrodes, a layer of TAZ (3-(4-
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biphenylyl)-4-phenyl-5-(4-tert-butylphenyl)-1,2,4-triazole) was formed as an electron transport layer to a thickness of
about 500 Angstroms by vacuum deposition. Subsequently, on the electron transport layer was formed a layer of Ag/Mg
(mass ratio: 9/1) as a cathode to a thickness of about 1,000 Angstroms to fabricate 6 (two for each polymer) organic
light emitting devices. To these devices were attached lead wires in an argon atmosphere in a glove box and the devices
were sealed in a glass tube in an argon atmosphere and used for evaluation of luminescence.

[0204] The luminance of the devices was measured by using a luminance meter BM-8, manufactured by Topcon
Corporation while applying a voltage to the organic light emitting device using a programmable direct voltage/current
source TR6143, manufactured by Advantest Corporation.

[0205] When the DC voltage was applied, luminescence starting voltage, initial luminance at 10 V and luminance after
240 hours’ consecutive luminescence with a fixed voltage of 10 V were obtained as shown in Table 3 (as an average
of the two devices for each polymer system).

Table 3
Monomers of . 10 V Luminance (Cd/m?2)
Phosphorescent Luminescence
Example Polymer Starting Voltage Scheme
Polymer (Molar y Initial | After 240 Hours
. V)
Ratio)
Ir(3-MA-PPYy)/(3- .
14 PICO-PPY), Not cross-linked 5 1560 1150 (A)
15 Ir(3-MA-PPy), Cross-linked 6 1430 1350 -
Ir(3-MA-PPy)(3-
PrCO-PPy), /Ir .
16 (3-MA-PPy), Cross-linked 5 1580 1420 (B)
(1/1)
Ir(3-MOI-PPy)(3- .
17 PrCO-PPY), Not cross-linked 6 1600 1280 (©
Ir(3-MOI-PPy), .
18 (3-PrCO-PPy) Cross-linked 6 1510 1380
Ir(3-MOI-PPy)(3-
PrCO-PPy), /Ir .
19 (3-MOI-PPy),(3- Cross-linked 6 1600 1450 (D)
PrCO-PPy) (1/1)
Scheme A

OCCH,CHj

CH3CH,CO
)

Ir(3-MA-PPy) (3-PrCO-PPy),
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Scheme B

(I’,‘H3 CHj
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CH3CH,CO H,C=C-C-0
o
Ir(3-MA-PPy) (3-PrCO-PPy), Ir(3-MA-PPy),

Scheme C
g
CH,~C
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Q
CH,
CH,
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CHy ~-0
]
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i — —
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0
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0

Ir (3-MOI-PPy) (3-PrCO-PPy),
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Scheme D
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Examples 20 to 23 and Comparative Example 3 : Fabrication and evaluation of organic light emitting devices using
polymerizable compositions

[0206] Phenylpyridine (PPy) and tris(acetylacetonato)iridium (lIl) (Ir (acac) 3) were allowed to react at 300°C by a
conventional method to synthesize a phosphorescent compound tris(phenylpyridine)iridium (Ill) (Ir (PPy) 3) .

[0207] Electron transporting compound-added polymerizable luminescent compound compositions as 10 mass% chlo-
roform solutions were prepared by combining the phosphorescent polymerizable compounds synthesized in Examples
1 and 12, i.e., monofunctional Ir(3-MA-PPy) (3-PrCO-PPy), and trifunctional (3-MOI-PPy),, respectively, and a bifunc-
tional electron transporting compound: bisstyryl oxadiazole (BSODA), and a comparative electron transporting com-
pound: oxadiazole (ODA) as shown in Table 4 were prepared. After addition of AIBN (azobisbutyronitrile) as a polym-
erization initiator in an amount of 2 mass parts per 100 mass parts of the total amount of the monomers, each of the
solutions was coated in an area of a size of 5 mm X 5 mm by a spin coating method on an ITO anode (ITO-coated glass
substrate) on which polyethylenedioxythiophene (PEDOT, manufactured by Bayer AG) had been preliminarily coated
to a thickness of 500 Angstroms. This was dried by heating at 60°C for 2 hours to polymerize and cure each monomer
and further dried at 80°C under reduced pressure for 8 hours to form phosphorescent polymer layer having a thickness
of about 1,000 Angstroms on the PEDOT/ITO anode for each combination.

[0208] On each of the five types of (total ten) phosphorescent polymer/PEDOT/ITO electrodes, a layer of Ag/Mg (mass
ratio: 9/1) as a cathode was formed to a thickness of about 1,000 Angstroms to fabricate five types of (two for each type)
organic light emitting devices. To these devices were attached lead wires in an argon atmosphere in a glove box and
the devices were sealed in a glass tube in an argon atmosphere and evaluated for light emitting properties in the same
manner as in Examples 14 to 19.
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Table 4
Phosphorescent 10 V Luminance (Cd/m?2)
Compound/ .
Luminescence
Electron .
. Polymer Starting Voltage

Transporting V) Initial | After 240 Hours
Compound (molar
ratio)

Example 20 I(r1(/|jl)3y)3/BSODA Crosslinked 6 1660 1120
Ir(3-MA-PPy)(3-

Example 21 PrCO-PPy)Z/ Crosslinked 7 1480 1210
BSODA(1/1)
Ir(3-MA- .

Example 22 PPy),/ODA(1/1) Crosslinked 5 1380 1320
Ir(3-MA-PPy)(3-

Example 23 PrCO-PPy),/ODA Not crosslinked 5 1510 1080
(171)

Comparative, Ir(PPy);/ODA .

Example 3 (1) Non-polymerized 5 1680 880

Example 25 : Synthesis of a polymerizable compound Ir(MA-PPy) (PPy),

[0209]

(1) The methoxy group of 3-MeO-PPy synthesized in the same manner as in Example 1 was hydrolyzed by a conventional
method.

That is, as shown in Reaction Scheme below, 16.0 g (86.4 mmol) of 3-MeO-PPy was dissolved in concentrated hydro-
chloric acid and stirred in a sealed vessel at 130°C for 4 hours . After completion of the reaction, the reaction mixture
was neutralized with an aqueous solution of sodium hydrogen carbonate and the objective compound was extracted
with chloroform. Crystallization of the extract from a chloroform/hexane solution afforded 10.4 g (60.7 mmol) of 2-(3-
hydroxyphenyl)pyridine (3-HO-PPYy) as colorless crystal. Identification was performed by TH-NMR and elementary anal-
ysis of C, H and N.

"H-NMR (CDCls, ppm) : & 8.66(d, 1H) , 7.76(t, 1H), 7.67(d, 1H), 7.56(s, 1H), 7.40(d, 1H), 7.30(t, 1H), 7.26(t,1H), 6.88
(d, 1H), 2.08(br, 1H).

Elementary analysis  Calcd: C7717, H5.30, NB8.18.
Found: C76.81, H5.37, NB&8.11.
H,CO, HO
— H,O / HC1 =
\ DMF \
\_/ \_/
3-MeO-PPy 3-HO-PPy

(2) The hydroxyl group of 3-HO-PPy was protected by tertbutyldimethylsilyl chloride (TBDMS-CI) by a conventional
method.
That is, as shown in the Reaction Scheme below, a solution of 8.6 g (50.2 mmol) of 3-HO-PPy, 10.2 g of imidazole and
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11.3 g (75.0 mmol) of tert-butyldimethylchlorosilane in 200 ml of N,N-dimethylformamide was allowed to react at room
temperature for 4 hours. Purification of the reaction mixture using a silica gel column afforded 13.0 g (45.5 mmol) of
2-(3-tert-butyldimethylsilyloxyphenyl)pyridine (3-SiO-PPy) as a colorless transparent liquid. Identification was per-
formed by elementary analysis of C, H and N and "H-NMR.

TH-NMR (CDCl5, ppm) : & 8.68 (d, 1H), 7.74(t, 1H), 7.68(d, 1H), 7.58 (d, 1H), 7.48(s, 1H), 7.32(t, 1H) , 7.22 (t, 1H) ,
6.89(d, 1H) , 1.01(s, 9H), 0.24 (s, 6H).

Elementary analysis  Calcd: C 71.53, H8.12, N 4.91.
Found: C71.08, H®8.14, N4.88.

HO TBDMSO
— TBDMS—Cl/imidazolek —
\ DMF - \
N / N /
3-HO-PPy 3-Si0-PPy

(3) The 3-SiO-PPy was allowed to react with di (w-chloro)tetrakis(2-phenylpyridine)diiridium (l11) ([Ir(PPy),Cl],) synthe-
sized by a conventional method in the presence of silver (1) trifluoromethanesulfonate (AgCF3;SO3).

That is, as shown in the Reaction Scheme below, 2.70 g of AQCF3;SO5 was added to a suspension of 5.71 g (20.0
mmol) of SiO-PPy and 5.37 g (5.0 mmol) of [Ir(PPy),Cl], in 5.37 g (5.0 mmol) of dry toluene and refluxed for 6 hours.
Purification of the reaction mixture using a silica gel column and then distilling off the solvent afforded 2.53 g (3.2 mmol)
of (2-(3-tert-butyldimethylsilyloxyphenyl) pyridine) bis(2-phenylpyridine) iridium (Ill) (Ir(PPy),(3-SiO-PPy)) as yellow
powder. |dentification was performed by elementary analysis of C, H and N and TH-NMR.

"H-NMR (CDCl; ppm) : & 7.86(d, 2H), 7.78(d, 1H), 7.64(d, 2H), 7.55(m, 6H), 7.16(s, 1H) , 6.85(m,9H), 6.60(d, 1H),
6.45(d, 1H).

Elementary analysis  Calcd: C59.67, H4.88, NA5.35.
Found: C59.53, H4.89, N5.34.
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=
N N TBDMSO
:/ .\: =

r. . / + \ /

ﬁ N

3-5i0~PPy

[Ir (PPy),Cl],

AgCF;S0,

Y

toluene

Ir(PPy), (3-Si0-PPy)

(4) The silyl group of Ir(PPy),(3-SiO-PPy) was hydrolyzed by a conventional method.

That is, as shown in the Reaction Scheme below, 5.1 ml of a 1 M THF solution of tetra-n-butylammonium fluoride
(TBAF) was added to a THF solution of 2.00 g (2.55 mmol) of Ir(PPy),(3-SiO-PPy) and the mixture was allowed to
react at room temperature for 30 minutes. Purification of the reaction mixture using a silica gel column and then distilling
off the solvent afforded 1.69 g (2.52 mmol) of (2-(3-hyroxyphenyl)pyridine) bis(2-phenylpyridine) iridium (1) (Ir(PPy),
(3-HO-PPy)). Identification was performed by elementary analysis of C, H and N and 'H-NMR.

"H-NMR (CDCl5, ppm) : § 7.87 (d, 2H), 7.78 (d, 1H) , 7. 6 (m, 9H) , 6.85 (m, 10H), 6.63(d, 1H) , 4.23(s, 1H) .

Elementary analysis  Calcd: C59.09, H3.61, NBG6.26.
Found: C58.64, H3.74, NB6.17.
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TBDMSO

TBAF

THF

Ir (PPy),(3-SiO-PPy) Ir (PPy), (3-HO-PPy)

(5) As shown in the Reaction Scheme below, 0.25 g (2.4 mmol) of methacryloyl chloride was added to a solution of
1.34 g (2.0 mmol) of Ir(PPy),(3-HO-PPy) and 0.81g (8.0 mmol) of triethylamine as a base in dry THF under argon
stream and the mixture was allowed to react at 20°C for 5 hours. Triethylamine hydrochloride was filtered from the
reaction mixture and purification of the filtrate using a silica gel column followed by distilling of the solvent afforded
1.28 g (1.73 mmol) of (2-(3-methacryloyloxyphenyl)pyridine) bis(2-phenylpyridine) iridium (Ill) (Ir (3-MA-PPYy) (PPy) 5) .
Identification was performed by elementary analysis of C, H and N and TH-NMR.

TH-NMR (CDClg, ppm) : & 7.87(d, 2H) , 7.78(d, 1H) , 7.6(m, 8H) , 7.40(s, 1H), 6.8(m, 10H), 6.59(d,1H), 6.35(s, 1H),
5.74 (s, 1H) , 2.08(s, 3H).

Elementary analysis  Calcd: C60.15, H3.82, Nb5.69.
Found: C59.85, H3.86, N5.66.

i
cH, H,C=C-C-0
H,C=C-C-Cl
O | -
THF
Ir (PPy), (3-HO-PPy) Ir (PPy), (3-MA-PPy)

Example 26 : Synthesis of a polymerizable compound Ir(3-MOI-PPy) (PPy),

[0210] As shown in the Reaction Scheme below, 0.37 g (2.38 mmol) of 2-methacryloyloxyethyl isocyanate (Trade
name "Karenz MOI", manufactured by Showa Denko K. K., hereinafter sometimes referred to as "MOI") was added to
a solution of 1.34 g (2.0 mmol) of Ir(PPy),(3-HO-PPy) synthesized in the same manner as in Example 25, 9 mg of 2, 6-
di-tert-butyl-4-methylphenol (BHT) , and 13 mg of dibutyltin (IV) dilaurate (DBTL) in dry THF under argon stream and
the mixture was allowed to react at 50°C for 1 hour. Purification of the reaction mixture using a silica gel column followed
by distilling off the solvent afforded 1.48 g (1.79 mmol) of (2-(3-((2-methacryloyloxyethyl)carbamoyloxy)phenyl)-pyridine)
bis(2-phenylpyridine) iridium (Ill) (Ir(PPy),(3-MOI-PPy)). Identification was performed by elementary analysis of C, H
and N and "H-NMR.

"H-NMR (CDCl3, ppm) : 8 7.87 (d, 2H) , 7.80(d, 1H) , 7. 6 (m, 8H) , 7.42 (s, 1H) , 6.8 (m, 10H), 6.59 (d, 1H) , 6. 14 (s,
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1H) , 5. 60 (s, 1H) , 5.21(br, 1H) , 4 .28 (t, 2H), 3.57 (m, 2H), 1.96(s, 3H).

Elementary analysis  Calcd: C58.17, HA4.03, N 6.78
Found: C57.78, H4.02, NG6.72.

T i
H,C=C-CO~CH,CH,-NHCQ
g —
-
H,C=C~CO-CH,CH,~NCO
0 (MOI)
THF

Ir (PPy) , (3-HO-PPy) Ir (PPy),(3-MOI-PPy)

Example 27 : Synthesis of a polymerizable compound Ir(4-MA-PPy), (PPy)

[0211]

(1) 2-(4-Methoxyphenyl)pyridine (4-MeO-PPy) was synthesized by a conventional method.

That is, as shown in the Reaction Scheme below, (4-methoxyphenyl)magnesium bromide was synthesized from 22.4 g
(120 mmol) of 4-bromoanisole by a conventional method by using 3.4 g of magnesium (Mg) in dry tetrahydrofuran (THF)
under argon stream and added slowly into a solution of 15.8 g (100 mmol) of 2-bromopyridine and 1.8 g of (1,2-bis
(diphenylphosphino)-ethane)dichloronickel (Il) (Ni(dppe)Cl,) in dry THF and the mixture was refluxed for 1 hour. After
adding 250 ml of an aqueous solution of 5% hydrochloric acid to the reaction mixture, the reaction mixture was washed
with chloroform. The water layer was neutralized with an aqueous solution of sodium hydrogen carbonate and the
objective compound was extracted with chloroform and the organic layer was distilled off under reduced pressure. The
distillate immediately solidified at room temperature to obtain 15.1 g (81.5 mmol) of 2-(4-methoxy-phenyl)pyridine (4-
MeO-PPy) as white solid. Identification was performed by elementary analysis of C, H and N and "H-NMR.

TH-NMR (CDCls3, ppm) : 8 8.65 (d, 1H) , 7.95(d, 2H), 7.71(t, 1H), 7.66(d, 1H) , 7.16 (t, 1H), 7.00(d, 2H), 3.86(s, 3H).

Elementary analysis  Calcd: C77.81, H 5.99, N 7.56.
Found: C77.52, H®6.10, N 7.40.
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Mg
H3CO-®—Br —_— > H3C0—®-MgBr

Br—\
N / =
—» H,CO \ /
Ni (dppe)Cl, N
4-MeO—-PPy

(2) The methoxy group of 4-MeO-PPy was hydrolyzed by a conventional method.

That is, as shown in Reaction Scheme below, 15.0 g (80.1 mmol) of 4-MeO-PPy was dissolved in concentrated hydro-
chloric acid and stirred in a sealed vessel at 130°C for 4 hours. After completion of the reaction, the reaction mixture
was neutralized with an aqueous solution of sodium hydrogen carbonate and the objective compound was extracted
with chloroform. Crystallization of the extract from a chloroform/hexane solution afforded 10.0 g (58.5 mmol) of 2-(4-
hydroxyphenyl)pyridine (4-HO-PPy) as colorless crystal. Identification was performed by elementary analysis of C, H
and N, and "H-NMR.

TH-NMR (CDCl5, ppm) : § 8.63(d, 1H), 7.82(d, 2H), 7.74(t, 1H), 7.65(d, 1H), 7.20(t, 1H) , 6.85(d, 2H).

Elementary analysis  Calcd: Cc7717, H5.30, NB8.18.
Found: C76.91, H5.39, NB8.02.

— H,0 / HCl —
H,CO \ > HO \
N / N /
4-MeO-PPy 4-HO-PPy

(3) 4-HO-PPy was allowed to react with sodium hexachloroiridate n-hydrate (NaslrClg « nH,0O) by a conventional method
to synthesize di(u.-chloro)tetrakis(2-(4-hydroxyphenyl)pyridine)diiridium (l1) ([Ir(4-HO-PPy),Cl],).

That is, as shown in the Reaction Scheme below, 10.0 g of Na3IrClg * nH,O was dissolved in 400 ml of a 3:1 mixed
solvent of 2-ethoxyethanol and water and argon gas was blown therein for 30 minutes. Then 8.6 g (5.2 mmol) of 4-
HO-PPywas added and dissolved in the solution under argon stream, followed by reflux for 5 hours. After completion
of the reaction, the solvent was distilled off and recrystallization of the residue from ethanol afforded 5.88 g (5.18 mmol)
of [Ir(4-HO-PPy),Cl], as reddish brown crystal. Identification was performed by elementary analysis of C, H and N
and "H-NMR.

TH-NMR (DMSO-dg, ppm) : 8 9.66 (d, 2H), 9.38(d, 2H), 7.95(m, 8H), 7.61(d, 2H), 7.54(d, 2H), 7.38(t, 2H), 7.26(t, 2H),
6.33(d, 2H), 6.28(d, 2H), 5.67(s, 2H), 5.12(s, 2H).

Elementary analysis  Calcd: C46.52, H2.84, N4.93.
Found: C46.33, H251, N4.76.
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Na;IrClg-nH,0 + HO-{<::>——<(:;>
N

4-HO-PPy

Y

(4) [Ir(4-HO-PPy),Cl], was allowed to react with 2-phenylpyridine (PPy) in the presence of silver (l) trifluoromethanesul-
fonate (AgCF5;S0O3) by a conventional method.

That is, as shown in the Reaction Scheme below, 1.98 g of AgCF3;SO5 was added to a suspension of 3.98 g (3.5 mmol)
of [Ir(4-HO-PPy),Cl], and 15.5 g (10.0 mmol) of PPy in dry toluene and the mixture was refluxed for 6 hours. Purification
of the reaction mixture using a silica gel column followed by distilling off the solvent afforded 2.20 g (3.2 mmol) of bis
(2-(4-hydroxyphenyl)pyridine)(2-phenylpyridine)iridium (l1l) (Ir(4-HO-PPy),(PPy)) as yellow powder. Identification was
performed by elementary analysis of C, H and N and "H-NMR.

TH-NMR (CDCl5, ppm) : § 7.88 (d, 1H) , 7.78(d, 2H) , 7. 6 (m, 9H), 6.85 (m, 8H), 6.64 (d, 2H).

Elementary analysis  Calcd: Cc57.71, H352, NG6.12.
Found: C57.46, H349, N5.99
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OH 4
+
OH N /
PPy
[Ir (4-HO-PPy),C1],
AgCF;3S0;
-

Ir (4-HO-PPy), (PPy)

(5) As shown in the Reaction Scheme below, 0.50 g (4.8 mmol) of methacryloyl chloride was added to a solution of
1.37 g (2.0 mmol) of Ir (4-HO-PPy),(PPy) and 0.81 g (8.0 mmol) of triethylamine as a base in dry THF under argon
stream and the mixture was allowed to react at 20°C for 5 hours. Triethylamine hydrochloride was filtered off from the
reaction mixture and purification of the filtrate using a silica gel column followed by distilling of the solvent afforded
1.55 g (1.88 mmol) of bis(2-(4-methacryloyloxyphenyl)pyridine) (2-phenylpyridine) iridium (Ill) (Ir(4-MA-PPy),(PPYy)).
Identification was performed by elementary analysis of C, H and N and TH-NMR.

TH-NMR (CDClg, ppm) : 8 7.87 (d, 1H) , 7.78 (d, 2H) , 7.6 (m, 9H) , 6.8 (m, 8H), 6.59(s 2H) , 6.35(s, 2H), 5.74 (s, 2H),
2.08 (s, 6H).

Elementary analysis  Calcd: C59.84, H392, N511.
Found: C59.95  H3.82, NS5.04.
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iy
OH m,c=C-c-c1
0
TEA
Ir (4-HO-PPY) , (PPYy) Ir (4-MA-PPy), (PPy)

Example 28 : Synthesis of a polymerizable compound Ir(4-MOI-PPy),(PPy)

[0212] As shown in the Reaction Scheme below, 0.75 g (4.83 mmol) of 2-methacryloyloxyethyl isocyanate (Trade
name "Karenz MOI", manufactured by Showa Denko K. K., hereinafter sometimes referred to as "MOI") was added to
a solution of 1.37 g (2.0 mmol) of Ir(4-HO-PPy),(PPy) synthesized in the same manner as in Example 27, 18 mg of 2,6-
di-tert-butyl-4-methylphenol (BHT), and 26 mg of dibutyltin (IV) dilaurate (DBTL) in dry THF under argon stream and the
mixture was allowed to react at 50°C for 1 hour. Purification of the reaction mixture using a silica gel column followed
by distilling off the solvent afforded 1. 68 g (1. 68 mmol) of bis(2-(4-((2-methacryloyloxyethyl)carbamoyloxy)phenyl)-py-
ridine) (2-phenylpyridine) iridium (l1l) (Ir(4-MOI-PPy),(PPy)). Identification was performed by elementary analysis of C,
Hand N and "H-NMR.

"H-NMR (CDCl3, ppm) : 5 7.85 (d, 1H) , 7. 81 (d, 2H) , 7.6(m, 9H) , 6.8 (m, 8H) , 6.58(d, 2H) , 6.12(s, 2H), 5.60(s, 2H),
5.21(br, 2H), 4.28 (t, 4H), 3.58(m, 4H), 1.96(s, 6H).

Elementary analysis  Calcd: C56.62, H4.25 N7.02
Found: C€56.38, H4.02, NB&6.72.
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MOI / BHT, DBTL

—
= (l:H3
0-CNH-CH,CH,~0-C~C=CH,
I ]
0 0
CHs
O-CNH-CH,CH,~0-¢~C=CH,

o 0o

Ir (4-MOI-PPY), (PPy)

Example 29 : Synthesis of Ir(3-MA-PPy) (PPy), polymer

[0213] Inareactor were charged 1.11 g (1.5 mmol) of Ir(3-MA-PPy) (PPy), complex synthesized in Example 25, 0.010
g (0.061 mmol) of 2,2’-azobis(isobutyronitrile) (AIBN), and 10 ml of butyl acetate and the atmosphere was exchanged
with nitrogen. Thereafter, the mixture was allowed to react at 80°C for 10 hours (cf . Reaction Scheme below). After
completion of the reaction, the reaction mixture was dripped into acetone to perform reprecipitation and the resultant
polymer was recovered by filtration. A procedure of reprecipitation by dripping a chloroform solution of the recovered
polymer into methanol was further repeated 2 times to purify the polymer, which was then recovered and dried in vacuum
to afford 0.92 g of the objective Ir(3-MA-PPy)(PPy), polymer as powder. The elementary analysis of C, H, N of the
obtained polymer indicated that the polymer had the same composition as Ir (3-MA-PPy) (PPy),. The weight average
molecular weight of the polymer was 12, 000 in terms of polystyrene (GPC measurement, eluent : THF).
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or,
0

N / .
\_,N- -11':\

\N_

\ /

Ir (3-MA-PPy) (PPy),

Example 30 : Synthesis of Ir(3-MOI-PPy)(PPy), polymer

[0214] In a reactor were charged 1.11 g (1.5 mmol) of Ir(3-MOI-PPy) (PPy), complex synthesized in Example 26,
0.010 g (0.061 mmol) of 2, 2’-azobis (isobutyronitrile) (AIBN), and 10 ml of butyl acetate and the atmosphere was
exchanged with nitrogen. Thereafter, the mixture was allowed to react at 80°C for 10 hours (cf. Reaction Scheme below).
After completion of the reaction, the reaction mixture was dripped into acetone to perform reprecipitation and the resultant
polymer was recovered by filtration. A procedure of reprecipitation by dripping a chloroform solution of the recovered
polymer into methanol was further repeated 2 times to purify the polymer, which was then recovered and dried in vacuum
to afford 1.02 g of the objective Ir(3-MOI-PPy) (PPy), polymer as powder. The elementary analysis of C, H, N and Ir of
the obtained polymer indicated that the polymer had substantially the same composition as Ir(3-MOI-PPy) (PPy),. The
weight average molecular weight of the polymer was 20, 000 in terms of polystyrene (GPC measurement, eluent : THF).

T i

Ir (PPy),(3-MOI-PPy)
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Example 31 : Synthesis of Ir(3-MA-PPy)(3-PrCO-PPy), polymer

[0215] In a reactor were charged 2.22 g (2.5 mmol) of Ir(3-MA-PPy) (3-PrCO-PPy), complex synthesized in Example
1, 0.010 g (0.061 mmol) of 2, 2’-azobis (isobutyronitrile) (AIBN), and 30 ml of butyl acetate and the atmosphere was
exchanged with nitrogen. Thereafter, the mixture was allowed to react at 80°C for 10 hours (cf. Reaction Scheme below).
After completion of the reaction, the reaction mixture was dripped into acetone to perform reprecipitation and the resultant
polymer was recovered by filtration. A procedure of reprecipitation by dripping a chloroform solution of the recovered
polymer into methanol was further repeated 2 times to purify the polymer, which was then recovered and dried in vacuum
to afford 1.85 g of the objective Ir(3-MA-PPy) (3-PrCO-PPy), polymer as powder. The elementary analysis of C, H, N
of the obtained polymer indicated that the polymer had the same composition as Ir(3-MA-PPy) (3-PrCO-PPy),. The
weight average molecular weight of the polymer was 8,000 in terms of polystyrene (GPC measurement, eluent : THF).

cry
H,C=C-C-Q
2 g _
\Y \
lN /
\ N-IT O%CHZCH3 — \ N-—Ir OCCHZCH3
\
N=
\ 7/ \ /
CH3CH,CO CH;CH,GO
o) 8

Ir (3-MA-PPy) (3-PrCO-PPy),

Example 32 : Synthesis of Ir (3-MA-PPy) polymer

[0216] In a reactor were charged 2.28 g (2.5 mmol) of the Ir(3-MA-PPy); complex synthesized in Example 12, 0.010
g (0.061 mmol) of 2, 2’-azobis (isobutyronitrile) (AIBN) , and 30 ml of butyl acetate and the atmosphere was exchanged
with nitrogen. Thereafter, the mixture was allowed to react at 80°C for 10 hours (cf. Reaction Scheme below). As a result
an insoluble polymer precipitated. The polymer was recovered by filtration, washed with 100 ml of chloroform and then
with 100 ml of methanol, and dried under vacuum to obtain 2.10 g of the objective Ir(3-MA-PPy); polymer as powder.
Elementary analysis of C, H and N of the obtained polymer supported for its having substantially identical composition
with that of Ir(3-MA-PPy);. The polymer was deemed to have a crosslinked structure and was insoluble in most of
common organic solvents so that it was impossible to measure its molecular weight by GPC.
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Y
N CH,
\ NIz OCC=CH,

0 C=0
CHQ—CII
CH, k

Ir (3-MA-PPy),

Example 33 : Synthesis of Ir(3-MOI-PPy) (3-PrCO-PPy), polymer

[0217] In areactor were charged 2.43 g (2.5 mmol) of Ir(3-MOI-PPy) (3-PrCO-PPy), complex synthesized in Example
3, 0.010 g (0.061 mmol) of 2,2’-azobis(isobutyronitrile) (AIBN), and 30 ml of butyl acetate and the atmosphere was
exchanged with nitrogen. Thereafter, the mixture was allowed to react at 80°C for 10 hours (cf. Reaction Scheme below).
After completion of the reaction, the reaction mixture was dripped into acetone to perform reprecipitation and the resultant
polymer was recovered by filtration. A procedure of reprecipitation by dripping a chloroform solution of the recovered
polymer into methanol was further repeated 2 times to purify the polymer, which was then recovered and dried in vacuum
to afford 2.05 g of the objective Ir(3-MOT-PPy) (3-PrCO-PPy), polymer as powder. The elementary analysis of C, H, N
of the obtained polymer supported for its having substantially the same composition as that of Ir(3-MOI-PPy) (3-PrCO-
PPy),. The weight average molecular weight of the polymer was 18,000 in terms of polystyrene (GPC measurement,
eluent : THF).
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CH3 ﬁ C=
!
CH,=CH-COCH,CH,NHCO 0

0

CH;CH,CO CH3CH,CO
0 o)

Ir(3-MOI-PPy) (3-PrCO-PPy),

Example 34 : Synthesis of Ir(3-MOI-PPy),(3-PrCO-PPy) polymer

[0218] In areactor were charged 2.46 g (2.5 mmol) of Ir(3-MOI-PPy),(3-PrCO-PPy) complex synthesized in Example
13, 0.010 g (0.061 mmol) of 2,2’-azobis(isobutyronitrile) (AIBN), and 30 ml of butyl acetate and the atmosphere was
exchanged with nitrogen. Thereafter, the mixture was allowed to react at 80°C for 10 hours (cf. Reaction Scheme below).
As a result an insoluble polymer precipitated. The polymer was recovered by filtration, washed with 100 ml of chloroform
and then with 100 ml of methanol, and dried under vacuum to obtain 2.21 g of the objective Ir(3-MOI-PPy),(3-PrCO-
PPy) polymer as powder. Elementary analysis of C, H and N of the obtained polymer supported for its having substantially
the same composition as that of Ir(3-MOI-PPy),(3-PrCO-PPy) . The polymer was deemed to have a crosslinked structure
and was insoluble in most of common organic solvents so that it was impossible to measure its molecular weight by GPC.
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CH,=C- COCH, CH,NHCO
(o]
(I:H3 i
CH=C~COCH,CH,NHCO o
]
o §=
NH
CH
Ir (3-MOI-PPy),(3-PrCO-PPy) CHa
CHy
(o]
[
?:
——écnz—ﬁ:ﬁ—;
CH; /m

Example 35 : Synthesis of Ir(3-MA-PPy) (3-PrCo-PPy),/Ir(3-MA-PPy); copolymer

[0219] In areactor were charged 1.11 g (1.25 mmol) of Ir(3-MA-PPy)(3-PrCO-PPy), complex synthesized in Example
1, 1.14 g (1.25 mmol) of Ir (3-MA-PPy); complex synthesized in Example 12, 0. 010 g (0.061 mmol) of 2,2’-azobis
(isobutyronitrile) (AIBN) , and 30 ml of butyl acetate and the atmosphere was exchanged with nitrogen. Thereafter, the
mixture was allowed to react at 80°C for 10 hours (cf. Reaction Scheme below). As a result an insoluble polymer
precipitated. The polymer was recovered by filtration, washed with 100 ml of chloroform and then with 100 ml of methanol,
and dried under vacuum to obtain 2.05 g of the objective Ir(3-MA-PPy) (3-PrCO-PPy),/Ir(3-MA-PPy), copolymer as
powder. Elementary analysis of C, H and N of the obtained copolymer supported for the polymerization of I(3-MA-PPy)
(3-PrCO-PPy), with Ir(3-MA-PPy)5 in a molar ratio of 1:1. The copolymer was deemed to have a crosslinked structure
and was insoluble in most of common organic solvents so that it was impossible to measure its molecular weight by GPC.
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Example 36 : Synthesis of Ir(3-MOI-PPy) (3-PrCO-PPy),/Ir(3-MOI-PPy),(3-PrCO-PPy) copolymer

[0220] Inareactor were charged 1.21 g (1.25 mmol) of Ir(3-MOI-PPy) (3-PrCO-PPy), complex synthesized in Example
3, 1.23 g (1.25 mmol) of Ir(3-MOI-PPYy),(3-PrCO-PPy) complex synthesized in Example 13, 0.010 g (0.061 mmol) of
2,2’-azobis(isobutyronitrile) (AIBN), and 30 ml of butyl acetate and the atmosphere was exchanged with nitrogen. There-
after, the mixture was allowed to react at 80°C for 10 hours (cf. Reaction Scheme below). As a result an insoluble polymer
precipitated. The polymer was recovered by filtration, washed with 100 ml of chloroform and then with 100 ml of methanol,
and dried under vacuum to obtain 2.18 g of the objective Ir(3-MOI-PPy)(3-PrCO-PPy),/Ir(3-MOI-PPy),(3-PrCO-PPy)
copolymer as powder. Elementary analysis of C, H and N of the obtained copolymer supported for the polymerization
of Ir (3-MOI-PPy) (3-PrCO-PPy), with Ir(3-MOI-PPy), (3-PrCO-PPy) in a molar ratio of 1:1. The copolymer was deemed
to have a crosslinked structure and was insoluble in most of common organic solvents so that it was impossible to
measure its molecular weight by GPC.
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Example 37 : Synthesis of a polymerizable compound (8-nonen-2,4-dionato) bis(2-phenylpyridine) Iridium (Ill) (herein-
after abbreviated as Ir(PPy),(1-Bu-acac))

[0221] As shown in the Reaction Scheme below, di(w.-chloro)tetrakis(2-phenylpyridine) diiridium (l11) (hereinafter ab-
breviated as [Ir(PPy) ,Cl],) synthesized by a conventional method and 8-nonen-2,4-dione synthesized by the known
method (H. Gerlach et al., Helv. Chim. Acta, 60, 638 (1977)) were allowed to react to synthesize Ir(PPy),(1-Bu-acac).

[0222] Thatis, 261 mg (0.24 mmol) of [Ir(PPy),Cl], was suspended in 30 ml of nitrogen-purged methanol and 87 mg
(0.56 mmol) of 8-nonen-2,4-dione and 76 mg (0.75 mmol) of triethylamine were added thereto, and the obtained mixture
was heated under reflux in an oil bath for 3 hours. The obtained pale yellow reaction mixture was cooled to room
temperature and concentrated by using a rotary evaporator. Then, 200 ml of dilute hydrochloric acid solution and 50 ml
of chloroform were added to the reaction mixture and the obtained mixture was stirred vigorously. The chloroform layer
was separated and dried over magnesium sulfate and the solvent was distilled off under reduced pressure. The obtained
yellow residue was dissolved in dichloromethane and the solution was subjected to silica gel column chromatography
to separate a pale yellow main product. A solution of the product was concentrated under reduced pressure and then
a small amount of hexane was added thereto, followed by cooling to -20°C to obtain 270 mg (0.41 mmol) of the objective
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Ir(PPy),(1-Bu-acac) as pale yellow crystal (yield: 85%). Identification was performed by elementary analysis of C, H and
N and 'H-NMR.

TH-NMR (CDCls, ppm) : 8 8.49 (d, J=5.7Hz, 2H, PPy), 7.83 (t, J=7.8Hz, 2H, PPy), 7.70 (m, 2H, PPy), 7.54 (t, J=6. 8Hz,
2H, PPy), 7.10 (m, 2H, PPy), 6.80 (t, J=7.3Hz, 2H, PPy), 6.68 (m, 2H, PPy), 6.35 (d, J=6.2Hz, 1H, PPy), 6.25 (d, J=6.2Hz,
1H, PPy), 5.61 (m, 1H,-CH=CH,), 5.19 (s, 1H, diketonate-methine), 4.86 (m, 2H, -CH=CH,), 1.99 (t, J=7.3Hz, 2H,
methylene), 1.79 (s, 3H, CHs), 1.72 (m, 2H, methylene), 1.38 (m, 2H, methylene).

Elementary analysis  Calcd: C56.95; H4.47, N4.28. (C34Hyg,IrN,O,)
Found: C55.84, H4.32, N3.97.

Ir (PPy),(1-Bu-acac)

Example 38 : Synthesis of a polymerizable compound [6-(4-vinylphenyl)-2,4-hexanedionato]bis(2-phenylpyridine)iridium
(1) (hereinafter abbreviated as Ir(PPy),[1-(St-Me)-acac])

[0223]

(1) As shown in the Reaction Scheme below, acetylacetone and 4-vinylbenzyl chloride were allowed to react to synthesize
6-(4-vinylphenyl)-2,4-hexanedione

That is, 1.23 g (60% in oil) (31 mmol) of sodium hydride was weighed in a nitrogen atmosphere and 60 ml of dry
tetrahydrofuran (hereinafter abbreviated as THF) was added thereto and the mixture was cooled to 0°C in an ice bath.
To the suspension was dripped a mixed solution of 2.5 g (24 mmol) of acetylacetone and 1 ml of hexamethyl phosphoric
triamide to produce colorless precipitate. After stirring the mixture at 0°C for 10 minutes, 17.5 ml (28 mmol) of a hexane
solution (1.6 M) of n-butyllithium was dripped therein to dissolve the precipitate and the mixture was further stirred at
0°C for 20 minutes. To the obtained pale yellow solution was dripped 4.0 g (26 mmol) of 4-vinylbenzyl chloride and the
reaction mixture was warmed back to room temperature and stirred for 20 minutes. Then, dilute hydrochloric acid was
added thereto to render the water layer acidic. The organic layer was washed with saturated sodium chloride solution
and dried over magnesium sulfate, and the solvent was distilled off by using a rotary evaporator. The obtained reaction
mixture was charged in a silica gel column and developed with a mixed solvent of hexane/dichloromethane (1:1 (by
volume)) to separate a main product. Distilling off the solvent from the obtained solution afforded 3.0 g (14 mmol) of the
objective 6-(4-vinylphenyl)-2,4-hexanedione as a brown liquid. Yield was 56%. Identification was performed by elemen-
tary analysis of C and H, and 'H-NMR.
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"H-NMR (CDCls, ppm) :

enol;87.33(d, J=8.1Hz, 2H, aromatic), 7.14 (d, J=8.4Hz, 2H, aromatic), 6.68 (dd, J=8.1Hz, 1H, vinylic), 5.70 (d, J=17.0Hz,
1H, vinylic), 5.46 (s, 1H, diketonate-methine), 5.20 (d, J=11.1Hz, 1H, vinylic), 2.91 (t, J=5.7Hz, 2H, methylene), 2.58 (t,
J=7.3Hz, 2H, methylene), 2.03 (s, 3H, methyl).

keto; 8 7.33(d, J=8.1Hz, 2H, aromatic), 7.14 (d, J=8.4Hz, 2H, aromatic), 6.68 (dd, J=8.1Hz, 1H, vinylic), 5.70 (d, J=17.0Hz,
1H, vinylic), 5.20 (d, J=11.1Hz, 1H, vinylic), 3.53 (s, 2H, C(=0)CH,C(=0)) , 2.89 (m, 4H, ethylene), 2.19 (s, 3H, methyl).
enol : keto=6:1.

Elementary analysis  Calcd: C77.75, H7.46. (Cy4Hg0O,)
Found: C77.49, H7.52

I
Cl

W NaH, n-Buli

o O THF

Y

(2) As shown in the Reaction Scheme below, 6-(4-vinylphenyl)-2,4-hexanedione thus obtained and [Ir(PPy),Cl], syn-
thesized by a conventional method were allowed to react to synthesize Ir(PPy),[1-(St-Me)-acac] .

That is, to a solution of 342 mg (0. 32 mmol) of [Ir (PPy) ,Cl],, 158 mg (1.5 mmol) of sodium carbonate and 5 mg (0.023
mmol) of 2,6-di-tert-butyl-4-methylphenol in 5 ml of N,N-dimethylformamide (hereinafter, abbreviated as DMF) was
added 210 mg (0.97 mmol) of 6-(4-vinylphenyl)-2,4-hexanedione and the mixture was heated at 65°C with stirring.
Then, the reaction mixture was cooled to room temperature and dilute hydrochloric acid solution was added thereto,
followed by extracting a component having a pale yellow color with chloroform. After distilling off the solvent by using
a rotary evaporator, the residue was dissolved in a small amount of dichloromethane and subjected to silica gel column
chromatography (eluent : dichloromethane) to separate a yellow main product. The solution was concentrated to dry-
ness under reduced pressure and dichloromethane/hexane mixed solvent was added to the residue to perform recrys-
tallization at -20°C, which afforded 354 mg (0.49 mmol) of the objective Ir(PPy),[1-(St-Me)-acac] as pale yellow crystal.
Yield: 78%. Identification was performed by elementary analysis of C, H and N and TH-NMR.

TH-NMR (CDCls, ppm) : & 8.47 (d, J=5.7Hz, 1H, PPy), 8.21 (d, J=5.7Hz, 1H, PPy), 7.9 - 7.5 (m, 6H, PPy), 7.18 (d,
J=8.1Hz, 2H, stylyl-aromatic), 7.00 (m, 2H, PPy), 6.89 (d, J=8.1Hz, 2H, stylyl-aromatic), 6.75 (m, 5H, PPy and vinylic),
6.28 (t, J=7.3Hz, 2H, PPy), 7.67 (d, J=17.6Hz, 1H, vinylic), 5.19 (d, J=9.5Hz, 1H, vinylic), 5.17 (s, 1H, diketonate-
methine), 2.60 (t, J=7.3Hz, 2H, ethylene), 2.36 (m, 2H, ethylene), 1.75 (s, 3H, methyl).

Elementary analysis  Calcd: C60.40, H436, N3.91. (CzgH34IrN,O,)
Found: C61.35, H4.34, N3.83.
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[Ir(PPy),Cl],

Na,CO4

Y
N

DMF

Ir (PPy),[1-(St-Me) ~acac]

Example 39 : Synthesis of a polymerizable compound (9-acryloyloxy-2,4-nonanedionato) bis (2-phenylpyridine) iridium
(1) (hereinafter abbreviated as Ir(PPy),-[1-(A-Bu)-acac])

[0224]

(1) As shown in the Reaction Scheme below, (9-hydroxy-2,4-nonanedionato)bis(2-phenylpyridine)iridium (l11) (hereinafter
abbreviated as Ir(PPy),[1-(OH-Bu)-acac]) was synthesized by a conventional method.

That is, to a solution of 167 mg (0.276 mmol) of Ir(PPy),(1-Bu-acac) synthesized in the same manner as in Example 37
in 10 ml of THF was dripped 1.0 ml (0.5 mmol) of 0. 5 M THF solution of 9-borabicyclo[3.3.1]nonane (hereinafter
abbreviated as 9-BBN) and the solution was heated under reflux for 25 minutes. Then, to the reaction mixture were
added 0.2 ml (0.60 mmol) of a 3M aqueous NaOH solution and 0.060 ml (0.62 mmol) of a 35% H,0, solution in the
order cited, and the mixture was stirred at room temperature for 12 hours. Then, 20 ml of water was added thereto and
the mixture was concentrated by using a rotary evaporator. After adding chloroform and well shaking, the organic layer
was concentrated to dryness under reduced pressure. The obtained yellow solid was dissolved in a small amount of
dichloromethane and the solution was charged in a silica gel column followed by flowing dichloromethane therethrough
to remove eluted impurities. Subsequently, flowing a dichloromethane/ethyl acetate mixed solvent of 1:1 (by volume
ratio) resulted in elution of a pale yellow complex, which was recovered and dried under reduced pressure, followed by
recrystallization of the residue from dichloromethane/hexane mixed solution at -20°C to obtain 23 mg (0.034 mmol) of
Ir(PPy),[1-(OH-Bu)-acac] as pale yellow solid. Yield: 13%. Identification was performed by elementary analysis of C, H
and N and 'H-NMR.

TH-NMR (CDCls, ppm) : 8 8.50 (d, J=5. 9Hz, 2H, PPy), 7.82 (t, J=7.0Hz, 2H, PPy), 7.72 (t, J=7.3Hz. 2H, PPy), 7.55 (t,
J=7.0Hz, 2H, PPy), 7.12 (t, J=5.9Hz, 2H, PPy), 6.81 (t, J=7.6Hz, 2H, PPy), 6.69 (t, J=7.3Hz, 2H, PPy), 6.31 (d, J=5.9Hz,
1H, PPy), 6.26 (d, J=5.9Hz, 1H, PPy), 5.19 (s, 1H, diketonate-methine), 3.44 (t, J=7.0Hz, 2H, CH,OH), 1.98 (t, J=7.0Hz,
2H, methylene), 1.79 (s, 3H, methyl), 1.34 (m, 4H, methylene), 1.05 (m, 2H, methylene).

Elementary analysis Calcd: C 55.42, H4.65, N4.17. (C34.H34,IrN5,05)
Found: C55.76, H4.71, N419.
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2 S W\OH

1) 9-BBN, THF

2) NaOHaq, H,0,aq

Ir (PPy),(1-Bu-acac) Ir (PPy), (1~ (OH-Bu)-acac)

(2) As shown in the Reaction Scheme below, Ir(PPy),[1-(OH-Bu)-acac] and acryloyl chloride were allowed to react to
synthesize Ir(PPy),[1-(A-Bu)-acac].

[0225] Thatis, to a solution of 95 mg (0.14 mmol) of Ir(PPy),[1-(OH-Bu)-acac] in 10 ml of dichloromethane was added
0.10 ml (0.72 mmol) of triethylamine. To this solution was added 0.060 ml (0.74 mmol) of acryloyl chloride and the mixture
was stirred at room temperature for 30 minutes. Then, after adding 1 ml of methanol to the mixture, the solvent was
distilled under reduced pressure and the residue was passed through a silica gel column (eluent : dichloromethane) and
an initially eluted yellow solution was separated and concentrated to dryness under reduced pressure. Recrystallization
of the residue from dichloromethane/hexane mixed solvent at -20°C afforded 99 mg (0.14 mmol) of the objective Ir(PPy),
[1-(A-Bu)-acac] as pale yellow solid. Yield: 96%. Identification was performed by elementary analysis of C, H and N
and TH-NMR.

TH-NMR (CDCls, ppm) : § 8.50 (d, J=5.9Hz, 2H, PPy), 7.80 (m, 4H, PPy), 7.51 (t, J=7.3Hz, 2H, PPy), 7.18 (t, J=5.9Hz,
2H, PPy), 6.84 (t, J=7.3Hz, 2H, PPy), 6.70 (t, J=7.6Hz, 2H, PPy), 6.25 (m, 3H, PPy + vinylic), 6.12 (dd, J=15.6, 9.3Hz,
1H, vinylic), 5.75 (d, J=9.3Hz, 1H, vinylic), 5.17 (s, 1H, diketonate-methine), 4.05 (t, J=7.0Hz, 2H, -COOCH,-) 1.84 (t,
J=7.0Hz, 2H, methylene), 1.80 (s, 3H, methyl), 1.34 (m, 4H, methylene), 1.06 (m, 2H, methylene) .

Elementary analysis  Calcd: C56.26, H4.58, N3.86. (CzyH33IrN,O,4)
Found: C56.55, H4.53, N3.60.

OH N
0
-
CH,C1,
Ir (PPy),[1- (OH-Bu) -acac] Ir (PPy),[1-(A-Bu)-acac]

Example 40 : Synthesis of a polymerizable compound {1-[4-(2-methacryloyloxy)ethylcarbamoyloxyphenyl]-3-phenyl-
1,3-propane-dionato]bis(2-phenylpyridine)iridium (lll) (hereinafter abbreviated as Ir(PPy),(MOI-Ph-acac))

[0226]

(1) As shown in the Reaction Scheme below, di(u.-chloro)-tetrakis(2-phenylpyridine) diiridium (Ill) ((Ir(PPy),Cl],) syn-
thesized by a conventional method and p-hydroxydibenzoylmethane synthesized by referencing the known method (M.
Cushman etal., Tetrahedron Lett . , z1., 6497 (1990)) were allowed to react to synthesize [1-(4-hydroxyphenyl)-3-phenyl-
1,3-propane-dionato]bis(2-phenylpyridine)iridium (Ill) (hereinafter abbreviated as Ir(PPy),(OH-Ph-acac)).

That is, 112 mg (0.10 mmol) of (Ir(PPy),Cl],, 64 mg (0.60 mmol) of sodium carbonate and 76 mg (0.32 mmol) of p-
hydroxydibenzoylmethane were dissolved in 10 ml of DMF and the solution was heated at 60°C for 0.5 hour with stirring.
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The obtained reaction mixture was poured into 100 ml of dilute hydrochloric acid solution and the iridium complex was
extracted with chloroform. The chloroform was distilled off by using a rotary evaporator and the residue was dissolved
in a small amount of dichloromethane and charged in a silica gel column. Development with a mixed solvent of dichlo-
romethane/acetone of 30:10 (by volume ratio) resulted in elution of a component having an orange color, which was
recovered and concentrated to dryness under reduced pressure. The obtained solid was dissolved in a small amount
of diethyl ether and hexane was added thereto. The precipitate was collected by filtration and dried under reduced
pressure to obtain 111 mg (0.15 mmol) of the objective Ir (PPy) , (OH-Ph-acac) as orange solid. Yield: 72%. Identification
was performed by elementary analysis of C, H and N and 'H-NMR.

TH-NMR (CDCl3, ppm) : 8 8.58 (d, 2H, PPy), 7.9 - 6.7 (m, 21H, PPy + phenyl), 6.52 (s, 1H, diketonate-methine), 6.37
(d, 2H, PPy), 4.91 (s, 1H, OH).

Elementary analysis  Calcd:  C60.07, H3.68, N3.79. (Cz7Hy7IrN,O3)
Found: C60.77, H3.75  N3.62.

[Ir (PPy),Cl],

Na,CO,

DMF

Ir (PPy),(OH-Ph-acac)

(2) As shown in the Reaction Scheme below, the obtained Ir(PPy),(OH-Ph-acac) and 2-methacryloyloxyethyl isocy-
anate (Trade name "Karenz MOI", manufactured by Showa Denko K. K., hereinafter sometimes referred to as "MOI")
were allowed to react to synthesize Ir(PPy),(MOI-Ph-acac).

[0227] That is, to a solution of 110 mg (0.15 mmol) of Ir(PPy),(OH-Ph-acac) in 50 ml of toluene were added 5 mg
(0.023 mmol) of 2,6-di-tert-butyl-4-methylphenol (hereinafter abbreviated as BHT), 32 mg (0.051 mmol) of dibutyltin (IV)
dilaurate (hereinafter abbreviated as DBTL) and 121 mg (0.78 mmol) of MOI and the mixture was heated at 70°C for 6
hours with stirring. The obtained reaction mixture was air-cooled to room temperature and charged in a silica gel column,
followed by development of the column with a mixed solvent of dichloromethane/acetone of 20:1 (by volume ratio),
resulting in elution of an orange-colored compound. The solution containing the compound was concentrated to dryness
under reduced pressure by using a rotary evaporator and the obtained solid was dissolved in a small amount of dichlo-
romethane. Slowly adding hexane to the dichloromethane solution resulted in deposition of an orange-colored precipitate,
which was collected by filtration and dried under reduced pressure to obtain 100 mg (0.11 mmol) of the objective Ir(PPy),
(MOI-Ph-acac) as orange-colored solid. Yield: 75%. Identification was performed by elementary analysis of C, Hand N
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and "H-NMR. 'H-NMR (CDClg, ppm) : 4 8.60 (d, 2H, PPy), 7.9-6.7 (m, 21H, PPy and phenyl), 6.56 (s, 1H, diketonate-
methine), 6.39 (d, 2H, PPy), 6.18 (s, 1H, olefinic), 5.65 (s, 1H, olefinic), 5.29 (s, 1H, NH), 4.31 (t, 2H, ethylene), 3.59 (t,
2H, ethylene), 2.00 (s, 3H, methyl).

Elementary analysis Calcd: C59.05, H4.05, N4.70. (C4yH36IrN3Og)
Found: C59.79, H4.05, N4.64.

Ix (PPy), (OH~-Ph-acac)

Ix (PPy),(MOI-Ph-acac)

Example 41 : Synthesis of a polymerizable compound [6-(4-methacryloyloxyphenyl)-2, 4-hexanedionato]bis (2-phenylpy-
ridine)iridium (Ill) (hereinafter abbreviated as Ir(PPy),[1-(MA-Ph-Me)-acac])

[0228]

(1) As shown in the Reaction Scheme below, acetylacetone and 4-benzyloxybenzyl iodide synthesized by the known
method (C. Cativiela, et al., J. Org. Chem., 60, 3074 (1995)) were allowed to react to synthesize 6-(4-benzyloxyphenyl)-
2,4-hexanedione.

That is, 0.30 g (60% in oil) (7.5 mmol) of sodium hydride was weighed in a nitrogen atmosphere and 20 ml of THF was
added thereto and the mixture was cooled to 0°C in an ice bath. To the suspension was dripped a mixed solution of 0.75
g (7.5 mmol) of acetylacetone and 0.5 ml of hexamethyl phosphoric triamide to produce colorless precipitate. After
stirring the mixture at 0°C for 10 minutes, 4.6 ml (7.5 mmol) of a hexane solution (1.6 M) of n-butyllithium was dripped
therein to dissolve the precipitate and the mixture was further stirred at 0°C for 20 minutes. To the obtained pale yellow
transparent solution was dripped a solution of 2.28 g (7.0 mmol) of 4-benzyloxybenzyl iodide in 10 ml of THF. After
stirring the reaction mixture at room temperature for 1 hour, it was cooled again to 0°C. Then, dilute hydrochloric acid
was added thereto to neutralize it. After washing the organic layer with a saturated aqueous solution of sodium chloride,
the solvent was distilled off by using a rotary evaporator. The residue was passed through a silica gel column (eluent :
a mixed solvent of dichloromethane/hexane of 1:1 (by volume ratio)) to separate a main product. Separation of this and
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concentration to dryness under reduced pressure afforded 1.31 g (4.4 mmol) of the objective 6-(4-benzyloxyphenyl)-
2,4-hexanedione as pale yellow solid. Yield: 63%. Identification was performed by elementary analysis of C and H,
and TH-NMR.

TH-NMR (CDCl; ppm) :

enol: 8 7. 5 - 6.8 (m, 9H, aromatic), 5.46 (s, 1H, enol-methine), 5.04 (s, 2H, -O-CH,-), 2.88 (t, J=7.6Hz, 2H, ethylene),
2.55 (t, J=8.4Hz, 2H, ethylene), 2.04 (s, 3H, methyl).

keto; 87 .5-6.8 (m, 9H, aromatic) , 5.04 (s, 2H, -O-CH,-), 3.53 (s, 2H, C(=0)CH,C(=0)), 2.84 (m, 4H, ethylene), 2.19
(s, 3H, methyl).

enol : keto=5:1.

Elementary analysis  Calcd:  C77.00, H6.86. (CygHyo03)
Found: C77.46, HG6.77.

1) NaH

2) n-Bulil

3)IV©/O\/© 0\/©

h ¢ -

O O THF 0 O

(2) As shown in the Reaction Scheme below, the obtained 6-(4-benzyloxyphenyl) -2, 4-hexanedione was hydrogenated
to produce 6-(4-hydroxyphenyl)-2,4-hexanedione.

That is, 1.5 g of Pd-activated carbon (10%) was weighed in a nitrogen atmosphere and 20 ml of dichloromethane and
1.31 g (4.4 mmol) of 6-(4-benzyloxyphenyl)-2,4-hexanedione were added thereto. The atmosphere in the reaction
system was exchanged with hydrogen at 1 atm and stirred at room temperature for 11 hours. The obtained reaction
mixture was filtered to remove insoluble matter and the solvent was distilled off under reduced pressure. The residue
was charged in a silica gel column and developed first with dichloromethane to remove byproducts. Subsequently, a
solution containing a compound eluted from the column with a mixed solvent of 1:1 (by volume ratio) acetone/hexane
was concentrated to dryness under reduced pressure to obtain 0.70 g (3.4 mmol) of the objective 6-(4-hydroxyphenyl)-
2,4-hexanedione as pale yellow solid. Yield: 77%. Identification was performed by elementary analysis of C and H,
and TH-NMR.

"H-NMR (CDCl3, ppm) :

enol: § 7.04 (d, J=8.4Hz, 2H, aromatic), 6.65 (d, J=8.4Hz, 2H, aromatic), 5.55 (br, 1H, OH), 5.47 (s, 1H, enol-methine),
2.86 (t, J=7.3Hz, 2H, ethylene), 2.55 (t, J=7.3Hz, 2H, ethylene), 2.04 (s, 3H, methyl).

keto: 6 7.04 (d, J=8.4Hz, 2H, aromatic), 6.65 (d, J=8.4Hz, 2H, aromatic), 5.55 (br, 1H, OH), 3.55 (s, 2H, C(=O)CH,C
(=0)), 2.83 (m, 4H, ethylene), 2.19 (s, 3H, methyl). enol : keto =5 : 1.

Elementary analysis Calcd: C69.88, H6.84. (C45H405)
Found: C 69.67, H6.79.
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O\/O OH

H,, Pd/C

CH,C1,

(3) As shown in the Reaction Scheme below, the obtained 6-(4-hydroxyphenyl)-2,4-hexanedione was allowed to react
with di(u.-chloro)tetrakis(2-phenylpyridine) diiridium (Ill) ([Ir(PPy),Cl],) synthesized by a conventional method to syn-
thesize [6-(4-hydroxyphenyl)-2,4-hexanedionato]bis(2-phenylpyridine)iridium (l1l) (hereinafter abbreviated as Ir(PPy),
[1-(OH-Ph-Me)-acac]) .

That is, to a mixture of 71 mg (0.066 mmol) of [I(PPy),Cl], and 47 mg (0.44 mmol) of sodium carbonate was added a
solution of 41 mg (0.20 mmol) of 6-(4-hydroxyphenyl)-2,4-hexanedione in 5 ml of DMF and the mixture was heated at
65°C for 1 hour with stirring. To the reaction mixture was added dilute hydrochloric acid and chloroform and the mixture
was well shaken. The separated organic layer was dried over magnesium sulfate and the solvent was distilled off under
reduced pressure. The residue was passed through a silica gel column (eluent : a mixed solvent of 1:1 (by volume
ratio) hexane/ethyl acetate) and a solution having a pale yellow color that eluted next to a small amount of pale yellow
byproduct was recovered and concentrated to dryness under reduced pressure. The obtained solid was dissolved in
a small amount of dichloromethane. Addition of hexane to the solution and cooling it to -20°C afforded 86 mg (0.12
mmol) of the objective Ir(PPy),[1-(OH-Ph-Me)acac) as pale yellow solid. Yield: 92%. Identification was performed by
elementary analysis of C, H and N and TH-NMR.

TH-NMR (CDCl3, ppm) : 8 8.48 (d, J=6.2Hz, 1H, PPy), 8.23 (d, J=5.9Hz, 1H, PPy), 7.9-7.6 (m, 4H, PPy), 7.53 (t,
J=7.3Hz, 2H, PPy), 7.11 (t, J=7.0Hz, 1H, PPy), 6.99 (t, J=7.0Hz, 1H, PPy), 6.8 - 6.4 (m, 8H, PPy + C4zH,OH), 6.27 (t,
J=8.1Hz, 2H, PPy), 5.18 (s, 1H, diketonate-methine), 5.10 (br, 1H, OH), 2.54 (t, J=7.0Hz, 2H, methylene), 2.31 (m, 2H,
methylene), 1.75 (s, 3H, methyl).

Elementary analysis  Calcd: C57.86, H4.14, N3.97. (Cz4HygIrN5,O3)
Found: C58.03, H4.11, N3.86.
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Ir (PPy),[1- (OH-Ph-Me) —acac]

(4) As shown in the Reaction Scheme below, the Ir(PPy),[1-(OH-Ph-Me) acac] was allowed to react with methacryloyl
chloride to synthesize Ir(PPy),[1-(MA-Ph-Me)acac].

That s, in a nitrogen atmosphere, 169 mg (0.24 mmol) of Ir(PPy),[1-(OH-Ph-Me)acac] was dissolved in 10 ml of dichlo-
romethane and 0.30 ml (2.2 mmol) of triethylamine was added to the solution. Addition of 0.060 ml (0.61 mmol) of
methacryloyl chloride to the obtained solution rapidly produced a product. After further adding a small amount of meth-
anol to the solution, the solvent was distilled off under reduced pressure. The residue was passed through a silica gel
column with using a mixed solvent of hexane/dichloromethane/acetone (10:10:1 (by volume ratio)) to separate a main
product having a yellow color. After distilling off the solvent under reduced pressure, recrystallization of the residue
from a mixed solvent of dichloromethane/hexane afforded 141 mg (0.18 mmol) of the objective Tr(PPy),[1-(MA-Ph-
Me)acac] as yellow solid. Yield: 76%. Identification was performed by elementary analysis of C, H and N and H-
NMR. '"H-NMR (CDCls, ppm) : § 8.48 (d, J=5 .1Hz, 1H, PPy), 8.27 (d, J=5. 9Hz, 1H, PPy), 7.9-7.5 (m, 6H, PPy), 7.12
(t, J=7.0Hz, 1H, PPy), 7.04 (t, J=7.0Hz, 1H, PPy), 6.9-6.6 (m, 8H, aromatic), 6.33 (s, 1H, olefinic), 6.27 (d, J=7.6Hz,
2H, PPy), 5.74 (s, 1H, olefinic), 5.17 (s, 1H, diketonate-methine), 2.61 (t, J=7.0Hz, 2H, ethylene), 2.34 (m, 2H, ethylene),
2.07 (s, 3H, methacryl-methyl), 1. 76. (s, 3H, diketonate-methyl).

Elementary analysis  Calcd:  C58.98, H4.30, N3.62. (CzgH33IrN,Oy)
Found: C58.69, H4.17, N3.81.
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Ir (PPy),[1- (OH-Ph-Me)-acac] Ir (PPy),[1- (MA-Ph-Me)-acac]

Example 42 : Synthesis of a polymerizable compound (1-methacryloyloxy-2,4-pentanedionato)bis(2-phenylpyridine)irid-
ium (Il1) (hereinafter abbreviated as Ir(PPy),(1-MA-acac))

[0229]

(1) As shown in the Reaction Scheme below, di(p.-chloro)-tetrakis(2-phenylpyridine) diiridium (111} ([Ir(PPy),Cl],) synthe-
sized by a conventional method and (1-tert-butyldimethylsilyloxy)-2,4-pentanedione synthesized by referencing the
known method (EP Patent No. 0514217) were allowed to react to synthesize (1-hydroxy-2,4-pentanedionato)bis(2-
phenyl-pyridine)iridium (lll) (hereinafter abbreviated as Ir(PPy),(1-OH-acac)).

That is, to a solution of 492 mg (0.46 mmol) of [Ir(PPy),Cl], and 139 mg (1.31 mmol) of sodium carbonate in 10 ml of
DMF was added 321 mg (1.39 mmol) of 1-(tert-butyldimethylsilyloxy)-2,4-pentandione (1-TBDMSO-2,4-pentadione) and
the mixture was heated at 70°C for 1 hour with stirring. The reaction mixture was cooled to room temperature and 100
ml of a saturated aqueous solution of ammonium chloride and 50 ml of chloroform were added thereto, and well shaken.
The organic layer was dried over magnesium sulfate and the solvent was distilled off under reduced pressure. The
residue was passed through a silica gel column with dichloromethane as an eluent to obtain a yellow solution. This
solution was concentrated to dryness under reduced pressure to obtain yellow solid, which was dissolved in 20 ml of
THF and 0.46 ml (0.46 mmol) of a 1.0 M THF solution of tetra-n-butylammonium fluoride (hereinafter abbreviated as
Bun,NF) was dripped thereto while vigorously stirring the solution. The reaction mixture was stirred at room temperature
for 0.5 hour and then the solvent was distilled off under reduced pressure. The residue was passed through a silica gel
column (eluent : a mixed solvent of hexane/dichloromethane/acetone (1:3:1 (by volume ratio)) and the eluted yellow-
colored main product was recovered and dried under reduced pressure. Recrystallization of the obtained crude product
from a mixed solvent of dichloromethane/hexane afforded 389 mg (0.63 mmol) of the objective Ir(PPy),(1-OH-acac) as
yellow solid. Yield: 69%. Identification was performed by elementary analysis of C, H and N and "H-NMR.

"H-NMR (CDClg, ppm) : 8 8.48 (d, J=5.7Hz, 1H, PPy), 8.42 (d, J=5.7Hz, 1H, PPy), 7.86 (m, 2H, PPy), 7.74 (t, J=7.6Hz,
2H, PPy), 7.54 (t, J=5.9Hz, 2H, PPy), 7.14 (t, J=5.9Hz, 2H, PPy), 6.82 (t, J=7.3Hz, 2H, PPy), 6.69 (m, 2H, PPy), 6.28
(d, J=6.8Hz, 1H, PPy), 6.23 (d, J=6.5Hz, 1H, PPy), 5.17 (s, 1H, diketonate-methine), 3.88 (dd, J=8.1, 5.4Hz, 1H, -CHH’-
0O-), 3.78 (dd, J=8.1, 4.3Hz, 1H, -CHH'-O-), 3.10 (t, J=4.6Hz, 1H, OH), 1.82 (s, 3H, methyl).

Elementary analysis  Calcd:  C52.67, H3.77, N4.55.  (Cy7Hy3IrN,O3)
Found: C52.45, H3.68 N4.79.
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(2) As shown in the Reaction Scheme below, the obtained Ir(PPy),(1-OH-acac) and methacryloyl chloride were allowed
to react to synthesize Ir(PPy),(1-MA-acac).

[0230] That s, to a solution of 200 mg (0.32 mmol) of Ir(PPy),(1-OH-acac) in 15 ml of dichloromethane were added
0.25 ml (1.8 mmol) of triethylamine and 0.20 ml (2.0 mmol) of methacryloyl chloride and the mixture was stirred at room
temperature for 1 hour. Then, the reaction mixture was washed with 20 ml of an aqueous solution of sodium carbonate
and the solvent was distilled off under reduced pressure. The residue was dissolved again in dichloromethane and the
solution was charged to the upper part of a silica gel column and developed with a mixed solvent of hexane/dichlo-
romethane/acetone of 2:4:1 (by volume ratio). The yellow solution initially obtained was recovered and dried under
reduced pressure to obtain 165 mg (0.24 mmol) of the objective Ir(PPy),(1-MA-acac) as yellow solid. Yield: 74%.
Identification was performed by elementary analysis of C, H and N and "H-NMR . "TH-NMR (CDCl;, ppm) : § 8 . 53 (d,
J=5.7Hz, 1H, PPy), 8.48 (d, J=5. 4Hz, 1H, PPy), 7.84 (d, J=7.8Hz, 2H, PPy), 7.73 (t, J=7.0Hz, 2H, PPy), 7.53 (t, J=6.8Hz,
2H, PPy), 5.14 (m, 2H, PPy), 6.79 (m, 2H, PPy), 6.69 (m, 2H, PPy), 6.29 (d, J=7.6Hz, 1H, PPy), 6.23 (d, J=7.6Hz, 1H,
PPy), 6.04 (s, 1H, olefinic), 5.51 (s, 1H, olefinic), 5.31 (s, 1H, diketonate-methine), 4.38 (d, J=15.4Hz, 1H, -CHH-OC
(=0)-), 4.27 (d, J=14.9Hz, 1H, -CHH-OC(=0)-), 1.87 (s, 3H, methacryl-methyl), 1.82 (s, 3H, diketonate-methyl).

Elementary analysis  Calcd: C54.45, H3.98, N4.10. (Czq,Hy7IrN5O4)
Found: C54.18, H3.96, N4.33.
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Ir (PPy),(1-OH-acac) Ir (PPy),(1-MA-acac)

Example 43 : Synthesis of a polymerizable compound [6-(4-vinylphenyl)-2,4-hexanedionato]bis[2-(2,4-difluorophenyl)
pyridine]iridium (Ill) (hereinafter abbreviated as Ir(2,4-F-PPy),[1-(St-Me)-acac])

[0231]

(1) As shown in the Reaction Scheme below, 2-(2,4-difluorophenyl)pyridine was synthesized by a conventional method.
That is, under argon stream, 8.69 g (55.0 mmol) of 2-bromopyridine was dissolved in 200 ml of dry tetrahydrofuran and
cooled to -78°C. To this was dripped 38.7 ml (61.9 mmol) of a 1.6 M hexane solution of n-butyllithium over 30 minutes.
After completion of the dripping, further a solution of 7.5 g (55.0 mmol) of zinc chloride in 50 ml of dry tetrahydrofuran
was dripped over 30 minutes. After completion of the dripping, the temperature of the mixture was slowly elevated to
0°C and 9.65 g (55.0 mmol) of 1-bromo-2,4-difluorobenzene and 2.31 g (2.0 mmol) of tetrakis(triphenylphosphine)
palladium (0) were added thereto. The mixture was stirred for 6 hours under reflux and then 200 ml of saturated saline
was added to the reaction mixture, followed by extraction of the reaction mixture with diethyl ether. After drying the
extract, concentration and purification by column chromatography (silica gel; chloroform/hexane (1/1: volume ratio))
afforded 6.00 g (31.4 mmol) of 2-(2,4-difluorophenyl)pyridine as colorless transparent oil. Yield: 63%. Identification was
performed by elementary analysis of TH-NMR and elementary analysis of C, H and N.

TH-NMR (CDCl5, ppm) : & 8.71(d, 1H, J=4.6Hz), 8.00(td, 1H, J=8.9, 6.5Hz), 7.8-7.7(m, 2H), 7.3-7.2 (overlapped with
CHCI3, 1H), 7.1-6.8 (m, 2H).

Elementary analysis  Calcd: C 69.11, H 3.69, N 7.33.
Found: (C€68.98, H3.80, N7.31.

F
S
1) n-BulLi
— 2) ZnCl, Pd (PPh;)
Br—\ > > F

N THF

7
S |

(2) As shown in the Reaction Scheme below, the obtained 2-(2,4-difluorophenyl)pyridine was allowed to react with
sodium hexachloroiridate n-hydrate by a conventional method to synthesize di(w.-chloro)tetrakis[2-(2,4-difluorophe-
nyl)-pyridine)diiridium (Ill) (hereinafter abbreviated as [Ir(2,4-F-PPy),Cl],)

That is, 0.96 g (5.0 mmol) of 2-(2,4-difluorophenyl)pyridine and 1.00 g of sodium hexachloroiridate n-hydrate were
dissolved in 40 ml of a 3:1 mixed solvent of 2-ethoxyethanol and water (by volume ratio) and argon gas was blown
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therein for 30 minutes and the mixture was stirred for 5 hours under reflux. The formed precipitate was collected by
filtration and washed with ethanol and then with a small amount of acetone, followed by drying in vacuum for 5 hours
to obtain 0.79 g (0.65 mmol) of the objective [Ir (2, 4-F-PPy) ,Cl], as yellow powder. Yield: 86%. Identification was
performed by TH-NMR and elementary analysis of C, H and N.

TH-NMR (CDCls, ppm) : & 9.12 (d, 4H, J=5.7Hz), 8.31(d, 4H, J=8.6Hz), 7.83 (dd, 4H, J=7.6, 7.6Hz), 6. 82 (dd, 4H,
J=7.3, 7.3Hz), 6.34 (ddd, 4H, J=11.6, 10.0, 2.4Hz), 5.29(dd, 4H, J=9.5, 2.4Hz).

Elementary analysis  Calcd: C 43.46, H 1.99, N 4.61.
Found: C43.39, H2.03, N4.55.

4T 2Na3IrClgnH,0

2~Ethoxyethanol E

/' \
=z

[Ir(2,4-F-PPy),Cl],

(3) As shown in the Reaction Scheme below, [Ir(2,4-F-PPy),Cl], and 6-(4-vinylphenyl)-2,4-hexanedione were allowed
to react to synthesize Ir(2,4-F-PPy)[1-(St-Me)-acac].

[0232] That is, 243 mg (0.20 mmol) of [Ir(2,4-F-PPy),Cl],, 212 mg (2.00 mmol) of sodium carbonate, and 1.3 mg of
2,6-di-tert-butyl-4-methylphenol, and 130 mg (0.60 mmol) of 6-(4-vinylphenyl)-2,4-hexanedione synthesized in the same
manner as in Example 38 were dissolved in 20 ml of DMF under argon stream and stirred at 80°C for 2 hours and then
water was added to the reaction mixture, followed by extraction with chloroform. After drying the extract, concentration
and purification by column chromatography (silica gel; chloroform), followed by recrystallization from a chloroform/hexane
solution afforded 261 mg (0.33mmol) of Ir(2,4-F-PPy) [1-(St-Me)-acac] as yellow crystal. Yield: 83%. Identification was
performed by elementary analysis of C, H and N and 'H-NMR.

"H-NMR (CDCl3, ppm) : & 8.39(d, 1H, J=5.7Hz), 8.3-8.2(m, 2H), 8.04(d, 1H, J=5.7Hz), 7.8-7.7(m, 2H), 7.19(d, 2H,
J=7.8Hz), 7.15(dd, 1H, J=6.6, 6.6Hz), 6.97(dd, 1H, J=6.6, 6.6Hz), 6.89(d, 2H, J=7.8Hz), 6.67(dd, 1H, J=17.6, 10.8Hz), .
6.4-6.2(m, 2H), 5.7-5.6(m, 3H), 5.22(s, 1H), 5.21(d, 1H, J=11.1Hz), 2.62(t, 2H, J=7.0Hz), 2.39(m, 2H), 1.78(s, 3H).

Elementary analysis  Calcd: C54.88, H3.45  N3.56.
Found: C54.82, H3.50, N3.49.
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[Ir(2,4-F-PPy),Cl],

Na,COs

DMF

Ir(2,4-F-PPy),[1-(St-Me)-acac]

Example 44 : Synthesis of a polymerizable compound {3-[4-(2-methacryloyloxyethyl)carbamoyloxyphenylmethyl]-
2,4-pentanedionato}bis(2-phenylpyridine)iridium (lll) (hereinafter abbreviated as Ir(PPy),[3-(MOI-Ph-Me)acac])

[0233]

(1) As shown in the Reaction Scheme below, di(u.-chloro)-tetrakis(2-phenylpyridine) diiridium (Ill) ([Ir(PPy),Cl],) and
3-(4-hydroxyphenylmethyl)-2,4-pentanedione synthesized by conventional methods were allowed to react to synthesize
[3-(4-hydroxyphenylmethyl)-2,4-pentanedionato]bis(2-phenylpyridine)iridium (Ill) (hereinafter abbreviated as Ir(PPy),
[3-(OH-Ph-Me)-acac]).

That is, 56 mg (0.052 mmol) of [Ir(PPy),Cl], and 44 mg (0. 42 mmol) of sodium carbonate were dissolved in 5 ml of
DMF. To this solution was added a solution of 30 mg (0.15 mmol) of 3-(4-hydroxyphenylmethyl)-2,4-pentanedione
synthesized by the known method (C. Cativiela, et al., J. Org. Chem., 60, 3074 (1995)) in 5 ml of DMF and the mixture
was heated at 80°C for 1.5 hours with stirring. Then to the reaction mixture cooled to room temperature were added
dilute hydrochloric acid and chloroform and the mixture was well shaken. The organic layer was separated and the
solvent was distilled off by using a rotary evaporator and the residue was passed through a silica gel column with a
mixed solvent of hexane/ethyl acetate of 1:1 (by volume ratio) as an eluent to separate a band of a main product. Distilling
off the solvent from the obtained pale yellow solution and recrystallization of the residue from a mixed solution of
dichloromethane/hexane afforded 34 mg (0.048mmol) of Ir (PPy) , [3- (OH-Ph-Me)-acac] as pale yellow solid. Yield:
46%. Identification was performed by elementary analysis of C, H and N and TH-NMR.

TH-NMR (CDCls, ppm) : 8 8.58 (d, J=5.9Hz, 2H, PPy), 7.84 (d, J=7.8Hz, 2H, PPy), 7.73 (t, J=6.5Hz, 2H, PPy), 7.55 (d,
J=7.6Hz, 2H, PPy), 7.1 - 6.6 (m, 10H, aromatic), 6.27 (d, J=7.6Hz, 2H, PPy), 4.86 (br-s, 1H, OH), 3.62 (s, 2H, benzyl),
1.80 (s, 6H, methyl).

Elementary analysis Calcd: C57.86, H4.14, N3.97. (C34HygIrN5O3)
Found: C57.97, H4.22, N4.15.
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(2) As shown in the Reaction Scheme below, the obtained Ir(PPy),[3-(OH-Ph-Me)-acac] and 2-methacryloyloxyethyl
isocyanate (Trade name "Karenz MOI", manufactured by Showa Denko K. K., hereinafter sometimes referred to as
"MOI") were allowed to react to synthesize Ir(PPy),[3-(MOI-Ph-Me)-acac].

[0234] That is, a solution of 71 mg (0.10 mmol) of Ir(PPy),[3-(OH-Ph-Me)-acac], 3 mg (0.014 mmol) of 2,6-di-tert-
butyl-4-methylphenol, 27 mg (0.12 mmol) of dibutyltin (IV) dilaurate and 55 mg (0.35 mmol) of MOI in 10 ml of THF was
heated at 70°C for 2 hours with stirring. The obtained reaction mixture was concentrated to dryness under reduced
pressure by using a rotary evaporator and the residue was passed through a silica gel column with a mixed solvent of
hexane/ethyl acetate of 1:1 (by volume ratio) as an eluent. The pale yellow solution eluted next to the initially eluted pale
yellow byproduct was recovered and concentrated to dryness under reduced pressure. The obtained solid was dissolved
in a small amount of dichloromethane and hexane was added thereto to form precipitate, which was collected by filtration
and dried under reduced pressure to obtain 59 mg (0.069 mmol) of the objective Ir(PPy),[3-(MOI-Ph-Me)-acac] as pale
yellow solid. Yield: 68%. Identification was performed by elementary analysis of C, H and N and "H-NMR.

TH-NMR (CDCls, ppm) : 8 8.58 (d, J=5.9Hz, 2H, PPy), 7.88 (d, J=7.8Hz, 2H, PPy), 7.76 (t, J=6.5Hz, 2H, PPy), 7.57 (d,
J=7.6Hz, 2H, PPy), 7.2 - 6.6 (m, 10H, aromatic), 6.27 (d, J=7.6Hz, 2H, PPy), 6.16 (s, 1H, olefinic), 5.63 (s, 1H, olefinic),
5.31 (br-s, 1H, NH), 4.31 (m, 2H, ethylene), 3.69 (s, 2H, benzyl), 3.59 (m, 2H, ethylene), 1.98 (s, 3H, methacryl-methyl),
1.80 (s, 6H, diketonate-methyl).

Elementary analysis  Calcd: C57.20, H4.45, N4.88. (C4qH3gIrN3Og)
Found: C57.36, H4.43, N4091.
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Example 45 : Synthesis of a polymerizable compound bis (2-(2,4-difluorophenyl)pyridinato) (3-methacryloyloxypicoli-
nato) Iridium (lll) (hereinafter abbreviated as Ir(2,4-F-PPy) , (3-MA-pic)).

[0235]

(1) As shown in the Reaction Scheme below, bis (2-(2,4-difluorophenyl)pyridinato)(3-hydroxypicolinato) Iridium (Ill) (here-
inafter abbreviated as Ir(2,4-F-PPy),(3-OH-pic)) was synthesized.

That is, 10 ml of dry N,N-dimethylformamide (DMF) was added to 121.6 mg (0.1 mmol) of [Ir(2,4-F-PPy),Cl],) prepared
in the same manner as in Example 43(1) and (2), 41.7 mg (0.3 mmol) of 3-hydroxypicolinic acid, and 106.0 mg (1.0
mmol) of sodium carbonate under argon stream and the mixture was stirred at 80°C for 2 hours. After adding 50 ml of
water, the reaction mixture was extracted with ethyl acetate. After drying the obtained solution over magnesium sulfate,
it was concentrated and purified by column chromatography (silica gel, methanol:chloroform=3:97 (by volume ratio)).
Recrystallization from hexane/chloroform afforded 101.0 mg of Ir (2, 4-F-PPy), (3-OH-pic) as yellow crystal. Yield: 71%.
Identification was performed by elementary analysis of C, H and N and TH-NMR.

TH-NMR (DMSO-dg, ppm) : & 13.6(br, 1H), 8.50(d, 1H, J=5.9Hz), 8.25(d, 2H, J=11.1Hz), 8.1-8.0(m, 2H), 7.69(d, 1H,
J=5.7Hz), 7.62(d, 1H, J=8.1Hz), 7.53 (d, 1H, J=4.6Hz), 7.50 (d, 1H, J=5.7Hz), 7.36(t, 1H, J=4.5Hz), 7.24(d, 1H, J=5.1Hz),
6.9-6.7(m, 2H), 5.66(dd, 1H, J=8.6, 2.4Hz), 5.48(dd, 1H, J=8.6, 2.4Hz).

Elementary analysis  Calcd: C 47.32, H2.27, N 5.91.
Found: C47.29, H233, NA5.86.
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Ir(2,4-F-PPy), (3-OH-pic)

(2) As shown in the Reaction Scheme below, Ir(2,4-F-PPy),(3-MA-pic) was synthesized.

[0236] That is, 71.1 mg (0.10 mmol) of Ir(2,4-F-PPy),(3-OH-pic) and 0.2 mg of 2, 6-di-t-butyl-4-methylphenol were
dissolved in 10 ml of dry dichloromethane under argon stream and 101.2 mg (1.0 mmol) of triethylamine, and 52.3 mg
(0.50 mmol) of methacryloyl chloride were added to the solution, followed by stirring the mixture at room temperature
for 2 hours. To the reaction mixture was added 50 ml of water and then the reaction mixture was extracted with chloroform.
After drying the obtained solution over magnesium sulfate, it was concentrated and purified by column chromatography
(silica gel, methanol:chloroform=1:24 (by volume ratio)). Recrystallization of the purified product from hexane/chloroform
afforded 63.1 mg of Ir(2,4-F-PPy),(3-MA-pic) as yellow crystal. Yield: 81%. Identification was performed by "H-NMR
and elementary analysis of C, H and N.

TH-NMR (DMSO-dg, ppm) : 8 8.51(d, 1H, J=5.4Hz), 8.3-8.2(m, 2H), 8.1-7.9(m, 3H), 7.8-7.6(m, 3H), 7.52(dd, 1H, J=6.6,
6.6Hz), 7.35(dd, 1H, J=6.6, 6.6Hz), 6.9-6.7(m, 2H), 6.26(s, 1H), 5.88(s 1H), 5.68(dd, 1H, J=8.4, 2.4Hz), 5.44(dd, 1H,
J=8.4, 2.4Hz), 2.00(s, 3H).

Elementary analysis  Calcd: C49.36, H259, N540.
Found: C49.33, H260, NS5.41.
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Ir(2,4-F-PPy), (3-OH-pic) Ir(2,4-F-PPy), (3-MA-pic)

Example 46 : Synthesis of a polymerizable compound bis(2-(2,4-difluorophenyl)pyridinato)(5-methacryloyloxymethylpi-
colinato) Iridium (lll) (hereinafter abbreviated as Ir(2,4-F-PPy),(5-CH,MA-pic)).

[0237]

(1) As shown in the Reaction Scheme below, bis(2-(2,4-difluorophenyl)pyridinato)(5-(hydroxymethyl)picolinato) Iridium
(1) (hereinafter abbreviated as Ir(2,4-F-PPy),(5-CH,0OH-pic)) was synthesized.

That is, 10 ml of dry N,N-dimethylformamide (DMF) was added to 121.6 mg (0.1 mmol) of [Ir(2,4-F-PPy) ,Cl],) , 45.9mg
(0.3mmol) of 5-hydroxymethylpicolinic acid, and 106.0 mg (1.0 mmol) of sodium carbonate under argon stream and the
mixture was stirred at 80°C for 2 hours. After adding 50 ml of water, the reaction mixture was extracted with ethyl acetate.
After drying the obtained solution over magnesium sulfate, it was concentrated and purified by column chromatography
(silica gel, methanol : chloroform = 1:19 (by volume ratio)). Recrystallization from hexane/chloroform afforded 108.7 mg
of Ir(2,4-F-PPy),(5-CH,OH-pic) as yellow crystal. Yield: 75%. Identification was performed by "H-NMR and elementary
analysis of C, H and N.

"H-NMR (DMSO-dg, ppm) : & 8.54(d, 1H, J=4.6Hz), 8.3-8.2(m, 2H), 8.1-8.0(m, 4H), 7.70(s, 1H), 7.61(d, 1H, J=4.9Hz),
7.49(dd, 1H, J=6.6Hz, 6.6Hz), 7.32(dd, 1H, J=6.6Hz, 6.6Hz), 6.9-6.7(m, 2H), 5.71(dd, 1H, J=8.9Hz, 2.4Hz), 5.46(dd,
1H, J=8.5Hz, 2.3Hz), 5.42(t, 1H, J=4.6Hz), 4.49(d, 2H, J=4.6Hz).

Elementary analysis  Calcd: C48.06, H250, NA5.80.
Found: C48.05, H254, NA5.86.
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(2) As shown in the Reaction Scheme below, Ir(2,4-F-PPy) , (5-CH,MA-pic) was synthesized.

Thatis, 72.5 mg (0.1 mmol) of Ir(2,4-F-PPy),(5-CH,OH-pic) and 0.2 mg of 2, 6-di-t-butyl-4-methylphenol were dissolved
in 10 ml of dry dichloromethane under argon stream and 101.2 mg (1.0 mmol) of triethylamine, and 52.3 mg (0.5 mmol)
of methacryloyl chloride were added to the solution, followed by stirring the mixture at room temperature for 2 hours.
To the reaction mixture was added 50 ml of water and then the reaction mixture was extracted with chloroform. After
drying the obtained solution over magnesium sulfate, it was concentrated and purified by column chromatography
(silica gel, methanol:chloroform=3:97 (by volume ratio)). Recrystallization of the purified product from hexane/chloro-
form afforded 70.6 mg of Ir(2,4-F-PPy),(5-CH,MA-pic) as yellow crystal. Yield: 89%. Identification was performed by 'H-
NMR and elementary analysis of C, H and N.

TH-NMR (DMSO-dg, ppm) : & 8.53(d, 1H, J=5.1Hz), 8.28(d, 1H, J=8.4Hz), 8.22(d, 1H, J=8.6Hz), 8.1-8.0(m, 4H), 7.70
(s, 1H), 7.66(d, 1H, J=4.9Hz), 7.48(dd, 1H, J=6.5Hz, 6.5Hz), 7.31(dd, 1H, J=6.5Hz, 6.5Hz), 6.9-6.7(m, 2H), 5.84(s,
1H), 5.7-5.6(m, 2H), 5.47(dd, 1H, J=8.8Hz, 2.6Hz), 5.24(d, 2H, J=2.7Hz), 1.78(s, 3H).

Elementary analysis  Calcd: C 50.00, H 2.80, N 5.30.
Found: C49.92, H287, N5.28.
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Example 47 : Synthesis of a polymerizable compound bis(2-(2,4-difluorophenyl)pyridinato)(5-(2-(methacryloyloxy)ethyl-
carbamoyloxymethyl)picolinato) Iridium (lll) (hereinafter abbreviated as Ir(2,4-F-PPy),(5-CH,MOI-pic)).

[0238] As shown in the Reaction Scheme below, Ir(2,4-F-PPy),(5-CH,MOI-pic) was synthesized.

[0239] Thatis, 72.5 mg (0.1 mmol) of Ir(2,4-F-PPy),(5-CH,OH-pic) as the intermediate in Example 46, 0.2 mg of 2,6-
di-t-butyl-4-methylphenol (BHT) and 1.3 mg of dibutyltin (IV) dilaurate (DBTL) were dissolved in 10 ml of dry tetrahydro-
furan. To this was added 31.0 mg (0.2 mmol) of 2-methacryloyloxyethyl isocyanate (Trade name "Karenz MOI", manu-
factured by Showa Denko K. K., hereinafter sometimes referred to as "MOI") and the mixture was stirred at 50°C for 1
hour. To the reaction mixture was added 50 ml of water and then the reaction mixture was extracted with chloroform.
After drying the obtained solution over magnesium sulfate, it was concentrated and purified by column chromatography
(silica gel, methanol:chloroform=3:97 (by volume ratio)). Recrystallization of the purified product from hexane/chloroform
afforded 76.4 mg of Ir(2,4-F-PPy),(5-CH,MOlI-pic) as yellow crystal. Yield: 87%. Identification was performed by 'H-
NMR and elementary analysis of C, H and N.

TH-NMR (DMSO-dg, ppm) : § 8.53 (d, 1H, J=5.1Hz), 8.32 (dd, 2H, J=8. 0, 1.8Hz), 8.25(d, 1H, J=8.9Hz), 8.22(d, 1H,
J=9.2Hz), 8.1-8.0(m, 3H), 7.60(d, 1H, J=4.6Hz), 7.51(dd, 1H, J=6.5, 6.5Hz), 7.35(dd, 1H, J=6.5, 6.5Hz), 6.9-6.7(m, 2H),
6.10(s, 1H), 5.87(s, 1H), 5.71(dd, 1H, J=8.4, 2.2Hz), 5.46(dd, 1H, J=8.8, 2.6Hz), 4.90(s, 2H), 4.23(t, 2H, J=1.9Hz), 3.47
(m, 2H), 1.90(s, 3H).

Elementary analysis  Calcd: C 50.62, H 3.33, N 6.38.
Found: C€50.59, H3.35, N&.32.
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Example 48 : Synthesis of a polymerizable compound bis (2-(2,4-difluorophenyl)pyridinato) (5-(2-(methacryloy-
loxy)-ethoxycarbonyl)picolinato) Iridium (lll) (hereinafter abbreviated as Ir(2,4-F-PPy),(5-COHEMA-pic)).

[0240]

(1) As shown in the Reaction Scheme below, bis(2-(2,4-difluorophenyl)pyridinato) (5-carboxypicolinato) Iridium (lll)
(hereinafter abbreviated as Ir(2,4-F-PPy),(5-COOH-pic))was synthesized.

That is, 10 ml of dry N,N-dimethylformamide was added to 243.2 mg (0.2 mmol) of Ir[(2,4-F-PPy),Cl],, 100.3 mg (0.6
mmol) of 2,5-pyridinedicarboxylic acid, and 212.0 mg (2.0 mmol) of sodium carbonate and the mixture was stirred at
80°C for 2 hours. To the reaction mixture was added 50 ml of 1 N hydrochloric acid to precipitate the product, which
was filtered. This was dissolved in a small amount of chloroform and purified using column chromatography (silica gel,
methanol : chloroform =1:4). Further, reprecipitation of the purified product from hexane/ethanol afforded 204.0 mg of
Ir(2,4-F-PPy),(5-COOH-pic) as yellow crystal. Yield: 69%. Identification was performed by "H-NMR and elementary
analysis of C, H and N.

TH-NMR (DMSO-dg, ppm) : 8 10.7(s, 1H), 8.53(d, 1H, J=5.1Hz), 8.37(dd, 2H, J=8.0, 1.8Hz), 8.28(d, 1H, J=8.9Hz), 8.25
(d, 1H, J=9.2Hz), 8.1-8.0(m, 3H), 7.59(d, 1H, J=4.6Hz), 7.47(dd, 1H, J=6.5, 6.5Hz), 7.32(dd, 1H, J=6.5, 6.5Hz), 6.9-6.7
(m, 2H), 5.70(dd, 1H, J=8.4, 2.2Hz), 5.48(dd, 1H, J=8.8, 2.6Hz).

Elementary analysis  Calcd: C47.15, H2.18, Nb5.69.
Found: C47.10, H2.28, N5.66.
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(2) As shown in the Reaction Scheme below, Ir(2,4-F-PPy) , (5-COHEMA-pic) was synthesized.

[0241] That is, 73.9 mg (0.1 mmol) of Ir(2,4-F-PPy),(5-COOH-pic), 52.5mg (0.2 mmol) of triphenylphoshine (PPhs)
19.5mg (0.15 mmol) of 2-hydroxyethyl methacrylate were dissolved in 10 ml of dry THF under argon stream and 65.3
mg (0.15 mmol) of a 40% toluene solution of diethyl azodicarboxylate (DEAD) was dripped thereto at -20°C. The mixture
was left to stand as it was while the temperature was elevated to room temperature and the mixture was stirred for 2
hours. After completion of the reaction, the solvent was distilled off and the reaction mixture was concentrated to dryness.
Then the residue was dissolved in a small amount of chloroform and purified using column chromatography (silica gel,
methanol : chloroform = 1:19 (by volume ratio)) . Recrystallization of the purified product from hexane/chloroform afforded
61.5 mg of Ir(2,4-F-PPy),(5-COHEMA-pic) as yellow crystal. Yield: 72%. Identification was performed by 'H-NMR and
elementary analysis of C, H and N.

TH-NMR (DMSO-dg, ppm) : § 8.54 (d, 1H, J=5.1Hz) , 8.37 (dd, 2H, J=8.0, 1.8Hz), 8.31(d, 1H, J=8.9Hz), 8.27(d, 1H,
J=9.2Hz), 8.1-8.0(m, 3H), 7.57(d, 1H, J=4.6Hz), 7.46(dd, 1H, J=6.5, 6.5Hz), 7.32(dd, 1H, J=6.5, 6.5Hz), 6.9-6.7(m, 2H),
6.10(s, 1H), 5.87(s, 1H), 5.71(dd, 1H, J=8.4, 2.2Hz), 5.51(dd, 1H, J=8.8, 2.6Hz), 4.64(t, 2H, J=2.0Hz), 4.55(t, 2H,
J=2.0Hz), 1.93(s, 3H).

Elementary analysis  Calcd: C 49.41, H2.84, N 4.94.
Found: C49.38, H2.88, N4.95.
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Example 49 : Synthesis of a polymerizable compound bis(2-(2,4-difluorophenyl)pyridinato) (3-(4-(vinylphenyl)methox-
ypicolinato) Iridium (Ill) (hereinafter abbreviated as Ir(2,4-F-PPy),(3-ST-pic)) .

[0242] As shown in the Reaction Scheme below, Ir(2,4-F-PPy),(3-ST-pic) was synthesized.

[0243] Thatis, 5 ml of dry N,N-dimethylformamide was added to 35.5 mg (0.05 mmol) of Ir(2,4-F-PPy),(3-OH-pic) as
the intermediate in Example 45, 69.1 mg (0.5 mmol) of potassium carbonate, and 0.1 mg of 2, 6-di-t-butyl-4-methylphenol
under argon stream and 30.5 mg (0.2 mmol) of 4-vinylbenzyl chloride was further added thereto. The mixture was stirred
at 80°C for 4 hours. To the reaction mixture was added 50 ml of water to precipitate the product, which was collected
by filtration and purified by column chromatography (silica gel, methanol : chloroform = 3:97 (by volume ratio)). Recrys-
tallization of the purified product from hexane/chloroform afforded 24.0 mg of Ir(2, 4-F-PPY),(3-ST-pic) as yellow crystal.
Yield: 58%. |dentification was performed by '"H-NMR and elementary analysis of C, H and N.

TH-NMR (DMSO-dg, ppm) : & 8.59(d, 1H, J=5.1Hz), 8.3-8.2(m, 2H), 8.1-8.0(m, 2H), 7.9(d, 1H, J=8.6Hz), 7.67(d, 1H,
J=5.1Hz), 7.6-7.3(m, 7H), 6.9-6.7(m, 3H), 5.85 (d, 1H, J=17.8Hz), 5.67 (dd, 1H, J=8.9, 2.4Hz), 5.45 (dd, 1H, J=8.9,
2.4Hz), 5.29 (s, 2H), 5.27 (d, 1H, J=11.1Hz).

Elementary analysis  Calcd: C 53.75, H 2.93, N 5.08.
Found: C53.71, H290, NA5.03.

126



10

15

20

25

30

35

40

45

50

55

EP 1 407 501 B1

+ c1cr12—<3—c1+1:m2

Ir(2,4-F-PPy), (5-CH,0H-pic)

K,CO,

DMF

Ir(2,4-F-PPy), (3-ST-pic)

Example 50 : Synthesis of a polymerizable compound bis (2-phenylpyridinato) (3-methacryloyloxypicolinato) Iridium (III)
(hereinafter abbreviated as Ir(PPy),(3-MA-pic))

[0244]

(1) As shown in the Reaction Scheme below, bis (2-phenylpyridinato) (3-hydroxypicolinato) Iridium (Ill) (hereinafter
abbreviated as Ir(PPy),(3-OH-pic)) was synthesized.

That is, 10 ml of dry N,N-dimethylformamide (DMF) was added to 107.2 mg (0.1 mmol) of di (w.-chloro) tetrakis (2-
phenylpyridine) diiridium (Ill) (hereinafter abbreviated as [Ir(PPy),Cl],) synthesized by a conventional method, 41.7 mg
(0.3 mmol) of 3-hydroxypicolinic acid, and 106.0 mg (1.0 mmol) of sodium carbonate under argon stream and the mixture
was stirred at 80°C for 2 hours. After adding 50 ml of water, the reaction mixture was extracted with chloroform. After
drying the obtained solution over magnesium sulfate, it was concentrated and purified by column chromatography (silica
gel, methanol:chloroform=1:19 (by volume ratio)). Recrystallization from hexane/chloroform afforded 106.0 mg of Ir
(PPy),(3-OH-pic) as yellow crystal. Yield: 83%. Identification was performed by TH-NMR and elementary analysis of C,
H and N.

"H-NMR (DMSO-dg, ppm) : & 8.46(d, 1H, J=4.9Hz), 8.23(d, 1H, J=8.1Hz), 8.20(d, 1H, J=8.6Hz), 8.0-7.9(m, 2H), 7.80
(m, 2H), 7.60(dd, 1H, J=5.9, 5.9Hz), 7.55(d, 1H, J=1.4Hz), 7.47(dd, 1H, J=8.5, 5.0Hz), 7.40(dd, 1H, J=5.9, 5.9Hz), 7.26
(dd, 1H, J=5.9, 5.9Hz), 7.16 (dd, 1H, J=4.9, 1.4Hz), 6.90 (dd, 1H, J=7.6, 7.6Hz), 6.87 (dd, 1H, J=7.6, 7.6Hz), 6.8-6.7
(m, 2H), 6.20 (d, 1H, J=7.6Hz), 6.05(d, 1H, J=7.6Hz).

Elementary analysis  Calcd: C52.65 H3.16, NB6.58.
Found: C52.62, H3.21, NBG6.57.
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(2) As shown in the Reaction Scheme below, Ir(PPy),(3-MA-pic) was synthesized.

That is, 31.9 mg (0.05 mmol) of Ir(PPy),(3-OH-pic) and 0.1 mg of 2, 6-di-t-butyl-4-methylphenol were dissolved in 5
ml of dry dichloromethane under argon stream and 50.6 mg (0.5 mmol) of triethylamine, and 26.1 mg (0.25 mmol) of
methacryloyl chloride were added to the solution, followed by stirring the mixture at room temperature for 2 hours. To
the reaction mixture was added 50 ml of water and then the reaction mixture was extracted with chloroform. After drying
the obtained solution over magnesium sulfate, it was concentrated and purified by column chromatography (silica gel,
methanol : chloroform = 1:19 (by volume ratio)). Recrystallization of the purified product from hexane/chloroform af-
forded 23.0 mg of Ir(PPy),(3-MA-pic) as yellow crystal. Yield: 65%. Identification was performed by "H-NMR and ele-
mentary analysis of C, H and N.

TH-NMR (DMSO-dg, ppm) : 8 8.50 (d, 1H, J=5.7Hz) , 8.23(d, 1H, J=4.9Hz), 8.21(d, 1H, J=5.7Hz), 8.0-7.9(m, 3H), 7.81
(t, 2H, J=8.9Hz), 7.7-7.5(m, 3H), 7.42(dd, 1H, J=6.6, 6.6Hz), 7.25 (dd, 1H, J=6.3, 6.3Hz), 6.91(dd, 1H, J=7.6, 7.6Hz),
6.86(dd, 1H, J=7.6, 7.6Hz), 6.25 (s, 1H), 6.22(d, 1H, J=7.8Hz), 6.01(d, 1H, J=7.3Hz), 5.87(s, 1H), 2.01(s, 3H).

Elementary analysis  Calcd: C 54.38, H 3.42, N 5.95.
Found: C54.29, H3.51, NB5.94.
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Example 51 : Synthesis of N-vinylcarbazole/Ir(2,4-F-PPy),(3-MA-pic) copolymer (hereinafter, abbreviated as VCz-co-Ir
(2,4-F-PPy),(3-MA-pic))

[0245] The titled copolymer was synthesized as a light emitting material containing Ir(2, 4-f-PPy),(3-MA-pic) as a unit
having the function of luminescence and N-vinylcarbazole as a unit having the function of hole transportation.

[0246] 966 mg (5.0 mmol) of N-vinylcarbazole, 38.9 mg (0.05 mmol) of Ir (2, 4-f-PPy),(3-MA-pic), and 8.2 mg (0.05
mmol) of AIBN were dissolved in 25ml of dry toluene and argon was blown into the obtained solution for 1 hour. This
solution was warmed up to 80°C to initiate polymerization reaction and the reaction mixture was stirred as it was for 8
hours. After cooling, the reaction mixture was dripped into 250 ml of methanol to precipitate a polymer, which was
recovered by filtration. Further, the recovered polymer was dissolved in 25 mol of chloroform. This solution was purified
by dripping it into 250 ml of methanol to reprecipitate the polymer and dried in vacuum at 60°C for 12 hours to obtain
673 mg of the objective compound VCz-co-Ir(2,4-F-PPy),(3-MA-pic). Table 5 shows yields, results of GPC measure-
ments, and Ir complex contents measured by ICP elementary analyses.

Examples 52 to 56
[0247] Copolymers were synthesized in the same manner as in Example 51 except that the polymerizable compounds

prepared in Examples 46 to 50, respectively, were used in place of Ir(2,4-F-PPy),(3-MA-pic). Table 5 shows yields,
results of GPC measurements, and Ir complex contents measured by ICP elementary analyses.
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Table 5
GPC Measurement
Example Polymer Recovery (%) Ir Complex Content (mol%)
Mn Mw MwiMn
51 VCz-co-Ir(24-F-PPy),(3- 67 4500 | 12800 | 2.84 | 1.07
MA-pic)
VCz-co-Ir(2,4-F-PPy),(5-
52 CH,MA-pic) 79 4300 | 13600 | 3.16 1.04
VCz-co-Ir (2,4-F-PPy),(5-
53 CH,MOl-pic) 63 5100 | 14800 | 2.90 1.02
VCz-co-Ir(2,4-F-PPy),(5-
54 COHEMA-pic) 61 4100 | 13700 | 3.34 0.98
55 VCz-col(2, 4-F-PPy)y(3- 72 4600 | 11400 | 248 | 1.04
ST-pic)
56 VCZ'CG"SCP)V)ZB'MA' 74 4400 | 13000 | 2.95 | 1.01
Mn: Number average molecular weight
Mw: Weight average molecular weight

Examples 57 to 62 : Fabrication and evaluation of organic light emitting devices

[0248] Organic light emitting devices were fabricated by using ITO-substrate (manufactured by Nippo Electric Co.,
Ltd.) which is 25 mm X 25 mm glass substrates provided on one side thereof with two ITO (indium tin oxide) electrodes
serving as anodes, each being 4 mm in width formed in the form of stripes.

[0249] First, poly(3,4-ethylenedioxythiophene)/polystyrenesulfonic acid (manufactured by Bayer AG, trade name
"Baytron P") was coated on the ITO (anode) of the above-mentioned ITO-substrate by a spin coating method under the
conditions of 3,500 rpm and a coating time of 40 seconds and dried in a vacuum drier at 60°C for 2 hours to form an
anode buffer layer. The obtained anode buffer layer had a film thickness of about 50 nm.

[0250] Then, a coating solution for forming a layer containing a light emitting material and an electron transporting
material was prepared. 21.0 mg of the light emitting material shown in Table 6 and 9.0 mg of 2-(4-biphenyl)-5-(4-tert-
butylphenyl)-1,3,4-oxadiazole (PBD) (manufactured by Tokyo Kasei Kogyo Co., Ltd.) as an electron transporting material
were dissolved in 2970 mg of chloroform (manufactured by Wako Pure Chemical Industries, Ltd., reagent grade) and
the obtained solution was filtered through a filter having a pore size of 0.2 wm to prepare a coating solution.

[0251] Further, the obtained coating solution was coated on the anode buffer layer by a spin coating method under
the conditions of 3,000 rpm and a coating time of 30 seconds and dried at room temperature (25°C) for 30 minutes to
form a layer containing a light emitting material and an electron transporting material. The obtained layer had a film
thickness of about 100 nm.

[0252] Then, the substrate having formed thereon a layer containing a light emitting material and an electron trans-
porting material was placed in a vapor deposition apparatus and silver and magnesium were codeposited in a weight
ratio of 1:10 to form two cathodes in the form of stripes of 3 mm in width so as to cross the direction of length of the
anodes at right angles. The obtained cathodes had a film thickness of about 50 nm.

[0253] Finally, in an argon atmosphere, lead wires (wiring) were attached to the anodes and cathodes to fabricate
four organic light emitting devices of 4 mm (length) X 3 mm (width). Voltage was applied to the above-mentioned organic
EL devices by using a programmable direct voltage/current source TR6143 manufactured by Advantest Corporation to
cause luminescence and the luminance was measured by using a luminance meter BM-8 manufactured by Topcon
Corporation. As a result, the luminescence starting voltage and initial luminance at 20 V as shown in Table 6 were
obtained (average of four devices for each light emitting material).

Table 6
Example Light Emitting Material Luminescence Starting 20V Initial Luminance
Polymer Example voltage (V) (cd/m?2)
57 VCz-co—Ir(2,4-'F—PPy)2(3- 5 8 700
MA-pic)
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(continued)

Example Light Emitting Material Luminescence Starting 20V Initial Luminance
Polymer Example voltage (V) (cd/m?2)
VCz-co-Ir(2,4-F-PPy),(5-
58 CH,MA-pic) 55 8 500
vCz-co-Ir(2, 4-F-PPy),(5-
59 CH,MOl-pic) 56 o 640
VCz-co-Ir(2, 4-F-PPy),(5-
60 COHEMA-pic) 57 8 740
61 VCz-co-Ir(2,4-'F-PPy)2(3- 58 9 800
ST-pic)
62 VCz-co-Ir(PPy),(3-MA-pic) 59 8 910

Example 63 : Synthesis of a polymerizable compound [6-(4-vinylphenyl)-2,4-hexanedionato] bis[2-(2-pyridyl)benzoth-
ienyl) iridium (Ill) (hereinafter abbreviated as Ir(btp),[1-(StMe)-acac])

[0254] As shown in the Reaction Scheme below, 6-(4-vinylbiphenyl) -2, 4-hexanedione prepared in the same manner
as in Example 38(1) and di(p.-chloro)tetrakis(2-(2-pyridyl)-benzothienyl) diiridium (lll) (hereinafter abbreviated as [Ir
(btp),Cl],) synthesized by a conventional method (cf., e.g., S. Lamansky, et al., Inorganic Chemistry, 40, 1704 (2001))
were allowed to react to synthesize Ir(btp),[1-(StMe)-acac)].

[0255] Thatis, to a suspension of 253 mg (0.20 mmol) of [Ir(btp),Cl], in 10 ml of N,N-dimethylformamide (hereinafter
abbreviated as DMF) were added 161 mg (0.74 mmol) of 6-(4-vinylphenyl)-2, 4-hexanedione, 64 mg of sodium carbonate
and 1.9 mg (0.0086 mmol) of 2,6-di-tert-butyl-4-methylphenol (hereinafter abbreviated as BHT), and the mixture was
heated at 80°C for 1 hour with stirring. To the reaction mixture were added 100 ml of water and 50 ml of chloroform and
the obtained mixture was well shaken. The organic layer was dried over magnesium sulfate and then concentrated to
dryness under reduced pressure by using a rotary evaporator. Then, the crude product was purified through a silica gel
column with dichloromethane as an eluent to obtain a reddish brown solution. The solution was concentrated under
reduced pressure and hexane was added thereto followed by recrystallization at -20°C to obtain 153 mg (0.18 mg) of
the objective Ir(btp),[1-(StMe)-acac] as reddish brown solid. Yield: 47%. Identification was performed by elementary
analysis of C, H and N and "H-NMR.

TH-NMR (CDCls, ppm) : § 8.40 (d, J=5. 4Hz, 1H, btp) , 7.97 (d, J=5.4Hz, 1H, btp), 7.65 (m, 6H, btp), 7.1- 6.7 (m, 10H,
aromatic), 6.63 (dd, J=17.8, 11.1Hz, 1H, vinylic), 6.24 (d, J=8.1Hz, 1H, btp), 6.16 (d, J=7.8Hz, 1H, btp), 5.65 (d, J=17.8Hz,
1H, vinylic), 5.22 (s, 1H, diketonate-methine), 5.18 (d, J=11.1Hz, 1H, vinylic), 2.56 (m, 2H, ethylene), 2.37 (m, 2H,
ethylene), 1.75 (s, 3H, methyl).

Elementary analysis  Calcd:  C58.02, H3.77, N3.38. (C4oH34IrN,0,S),)
Found: C57.79, H3.81, N3.55.
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[Ir(btp),Cl],

Na,CO3

DMF

Ir(btp),[(1-(StMe)-acac)]

Example 64 : Synthesis of a polymerizable compound [6-(4-methacryloyloxyphenyl)-2,4-hexanedionato] bis[2-(2-pyri-
dyl)-benzothienyl] iridium (l1l) (hereinafter abbreviated as Ir(btp),[1-(MA-Ph-Me)-acac])

[0256]

(1) As shown in the Reaction Scheme below, 6-(4-hydroxyphenyl) -2, 4-hexanedione prepared in the same manner as
in Example 41(1) and (2) and [Ir(btp),Cl], synthesized by a conventional method were allowed to react to synthesize Ir
(btp),[1-(OH-Ph-Me)-acac)].

That is, 245 mg (0.19 mmol) of [Ir(btp),Cl], and 111 mg (1.06 mmol) of sodium carbonate were dissolved in a solution
of 141 mg (0.680 mmol) of 6- (4-hydroxyphenyl) -2, 4-hexanedione in 10 ml of DMF and the mixture was heated at 80°C
for 1.5 hours with stirring. To the reaction mixture cooled to room temperature were added chloroform and an aqueous
solution of ammonium chloride, and the obtained mixture was well shaken. The organic layer was dried over magnesium
sulfate and then the solvent was distilled off by using a rotary evaporator. The residue was passed through a silica gel
column (eluent : hexane/dichlorometahne/acetone = 5/10/1 (by volume ratio)) and a band containing a main product
having a reddish brown color was separated and concentrated to dryness under reduced pressure to obtain 215 mg
(0.26 mmol) of the objective Ir(btp),[1-(OH-Ph-Me)-acac)] as reddish brown solid. Yield: 70%. Identification was per-
formed by elementary analysis of C, H and N and 'H-NMR.

TH-NMR (CDCls, ppm) : § 8.40 (d, J=5.4Hz, 1H, btp) , 8.06 (d, J=5.4Hz, 1H, btp), 7.63 (m, 6H, btp), 7.04 (m, 3H, btp),
6.81 (m, 3H, btp), 6.66 (d, J=8.4Hz, 2H, -C4H,-OH), 6.38 (d, J=8.4Hz, 2H, -C4H,-OH), 5.22 (s, 1H, diketonate-methine),
5.20 (br, 1H, OH), 2.48 (m, 2H, methylene), 2.31 (m, 2H, methylene), 1.75 (s, 3H, methyl).

Elementary analysis  Calcd:  C55.80, H3.57, N342. (CzgHyglrN,03S5)
Found: C56.19, H3.57, N3.31.

132



10

15

20

25

30

35

40

45

50

55

EP 1 407 501 B1

OH

+
™~

[Ir(btp),Cl],

Na,CO,

DMF

Ir (btp),[(1- (OH-Ph-Me)-acac)]

(2) As shown in the Reaction Scheme below, the obtained Ir(btp),[1-(OH-Ph-Me)-acac] and methacryloyl chloride were
allowed to react to synthesize Ir(btp),[1-(MA-Ph-Me)-acac].

That is, to a solution of 248 mg (0.32 mmol) of Ir(btp),[1-(OH-Ph-Me)-acac]in 20 ml of dry dichloromethane were added
0.25 ml (1.8 mmol) of triethylamine and 0.20 ml (2.0 mmol) of methacryloyl chloride, and the mixture was stirred at
room temperature for 1 hour. Then, the reaction mixture was washed with 20 ml of an aqueous solution of sodium
carbonate and the solvent was distilled off under reduced pressure. The residue was purified by column chromatography
(eluent : a mixed solvent of hexane/dichloromethane/acetone of 2:4:1 (by volume ratio)) and the reddish brown solution
that was first eluted was separated and dried under reduced pressure to obtain 180 mg (0.20 mmol) of the objective
Ir(btp),[1-(MA-Ph-Me)-acac] as reddish brown solid. Yield: 64%. Identification was performed by elementary analysis
of C, Hand N and "H-NMR.

TH-NMR (CDCl5, ppm) : & 8.42 (d, J=5.4Hz, 1H, btp), 8.10 (d, J=5.4Hz, 1H, btp), 7.65 (m, 6H, btp), 7.1-6.7 (m, 10H,
aromatic), 6.40 (d, J=8.1Hz, 1H, btp), 6.27 (d, J=8.1Hz, 1H, btp), 6.12 (s, 1H, olefinic), 5.71 (s, 1H, olefinic), 5.19 (s,
1H, diketonate-methine), 2.51 (m, 2H, C,H,), 2.39 (m, 2H, C,H,), 1.89 (s, 3H, methacryl-methyl), 1.80 (s, 3H, diketo-
nate-methyl).

Elementary analysis  Calcd: C56.93, H3.75, N3.16. (CyyH33IrN,0,S5)
Found: C57.09, H3.77, N4.18.
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Ir (btp),[ (1~ (OH-Ph-Me) ~acac) ] Ir(btp),[(1-(MA-Ph-Me)-acac)]

Example 65 : Synthesis of a polymerizable compound {6-[4-(2-methacryloyloxy)ethylcarbamoyloxyphenyl]-2,4-hexan-
edionato} bis[2-(2-pyridyl)benzothienyl]iridium (l1l) (hereinafter abbreviated as Ir(btp),[1-(MOI-Ph-Me)-acac])

[0257] As shown in the Reaction Scheme below, Ir(btp),[1-(OH-Ph-Me)-acac] obtained in Example 64 and 2-meth-
acryloyloxyethyl isocyanate (Trade name "Karenz MOI", manufactured by Showa Denko K. K., hereinafter sometimes
referred to as "MOI") were allowed to react to synthesize Ir(btp),[1-(MOI-Ph-Me)-acac].

[0258] That is, to a solution of 215 mg (0.26 mmol) of Ir(btp),[1-(OH-Ph-Me)-acac] in 10 ml of THF were added 4.0
mg (0.18 mmol) of BHT, 35 mg of dibutyltin (IV) dilaurate (hereinafter abbreviated as DBTL) and 401 mg (2.58 mmol)
of MOI, and the mixture was heated for 3 hours under reflux in a hot water bath. Then, the reaction mixture cooled to
room temperature was dried under reduced pressure and the residue was purified through a silica gel column (eluent :
a mixed solvent of hexane/dichloromethane/acetone of 5:10:1 (by volume ratio)). A band containing a main product
having a reddish brown color that eluted first was separated and concentrated to dryness under reduced pressure to
obtain 223 mg (0.23 mmol) of the objective Ir(btp),[1-(MOI-Ph-Me)-acac)] as reddish brown solid. Yield: 87%. Identifi-
cation was performed by elementary analysis of C, H and N and 'H-NMR.

"H-NMR (CDCls, ppm) : § 8.40 (d, J=5.7Hz, 1H, btp) , 8.12 (d, J=5.1Hz, 1H, btp), 7.65 (m, 6H, btp), 7.1 - 6.7 (m, 10H,
aromatic), 6.25 (d, J=8.4Hz, 1H, btp), 6.20 (d, J=8.1Hz, 1H, btp), 6.16 (s, 1H, olefinic), 5.63 (s, 1H, olefinic), 5.26 (br-s,
1H, NH), 5.21 (s, 1H, diketonate-methine), 4.31 (t, J=5.4Hz, 2H, N-C,H,-0), 3.59 (t, J=5. 4Hz, 2H, N-C,H,-0O), 2.55 (m,
2H, C-C,H4-C), 2.34 (m, 2H, C-C,H,4-C), 1.98 (s, 3H, methacryl-methyl), 1.76 (s, 3H, diketonate-methyl).

Elementary analysis  Calcd:  C55.54, H3.94, N4.32. (Cys5H3glrN3OgS5)
Found: C55.13, H3.89, N458.
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BHT, DBTL

THF

Ir (btp), [ (1- (OH-Ph-Me)-acac)] Ir(btp),{ (1-(MOI-Ph-Me)-acac)]

Example 66 : Synthesis of a polymerizable compound [1-(2-methacryloyloxy)ethylcarbamoyloxy-2,4-pentanedionato]
bis[2-(2-pyridyl)benzothienyl] iridium (l1l) (hereinafter abbreviated as Ir(btp),(1-MOIl-acac)

[0259]

(1) As shown in the Reaction Scheme below, [Ir(btp),Cl], synthesized by a conventional method and (1-tert-butyldimeth-
ylsilyloxy)-2,4-pentanedione (1-TBDMSO-2,4-pentanedione) synthesized by referencing the known method (EP Patent
No. 0514217) were allowed to react to synthesize Ir(btp),(1-OH-acac).

That is, 449 mg (0.35 mmol) of [Ir(btp),Cl], and 137 mg (1.29 mmol) of sodium carbonate were dissolved in a solution
of 310 mg (1.35 mmol) of 1-TBDMSO-2, 4-pentanedione in 15 ml of DMF, and the mixture was heated at 80°C for 1
hour with stirring. The obtained reaction mixture was cooled to room temperature and chloroform and dilute hydrochloric
acid were added thereto, and well shaken. Subsequently, the organic layer was washed with water, and the solvent was
distilled off under reduced pressure. The residue was purified by silica gel column chromatography (eluent : dichlo-
romethane) and the compound having a reddish brown color that eluted first was separated and concentrated to dryness
under reduced pressure. The obtained solid was dissolved in 10 ml of dry THF and 0.60 ml (0.60 mmol) of a 1.0 M THF
solution of tetra-n-butylammonium fluoride (n-Bu,NF) was dripped thereto while vigorously stirring the mixture. The
solution was stirred at room temperature for 0.5 hour and then the solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography (eluent : a mixed solvent of hexane/dichloromethane/acetone
of 5:10:2 (by volume ratio)). Separation of a main product having a reddish brown color and drying it under reduced
pressure afforded 360 mg (0.49 mmol) of the objective Ir (btp),(1-OH-acac) as reddish brown solid. Yield: 71%. Identi-
fication was performed by elementary analysis of C, H and N and "H-NMR .

TH-NMR (CDCls, ppm) : § 8.40 (d, J=5.4Hz, 1H, btp), 8.35 (d, J=5.1Hz, 1H, btp) , 7.79 (m, 2H, btp), 7.63 (m, 4H, btp),
7.04 (m, 4H, btp), 6.81 (t, J=7.3Hz, 2H, btp), 6.20 (t, J=6.8Hz, 2H, btp), 5.24 (s, 1H, diketonate-methine), 3.89 (dd, J=8.1,
5.1Hz, 1H,-CHH’-OH), 3.80 (dd, J=8.1, 5.1Hz, 1H, -CHH-OH), 2.92 (t, J=5.1Hz, 1H, OH), 1.83 (s, 3H, diketonate-methyl).

Elementary analysis Calcd: C51.15, H3.18, N3.85.  (C3{Hy3IN,05S3)
Found: C51.41, H3.36, N3.49.
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[Ir(btp),Cl],

1) Na,CO4
2) n-Bu,NF

Ir (btp),(1-OH-acac)

(2) As shown in the Reaction Scheme below, Ir (btp),(1-OH-acac) was allowed to react with MOI by addition reaction
to synthesize Ir(btp),(1-MOl-acac).

That is, 177 mg of Ir(btp),(1-OH-acac), 3.0 mg (0.086 mmol) of BHT and 20 mg (0.032 mmol) of DBTL were dissolved
in 10 ml of THF and 100 mg (0.64 mmol) of MOl was added thereto. The obtained mixture was heated under reflux for
2 hours in an oil bath. Then, the reaction mixture cooled to room temperature was dried under reduced pressure and
the residue was purified by silica gel column chromatography (eluent : a mixed solvent of hexane/dichloromethane/
acetone of 10:20:3 (by volume ratio)). A main product having a reddish brown color that eluted second was separated
and concentrated to dryness under reduced pressure. The solid was dissolved in a mixed solvent of dichloromethane/
hexane and recrystallized therefrom at -20°C to obtain 173 mg (0.20 mmol) of the objective Ir(btp),(1-MOl-acac) as
reddish brown needle crystal. Yield: 81%. Identification was performed by elementary analysis of C, H and N and H-
NMR.

TH-NMR (CDCl5, ppm) : 8 8.49 (d, J=5.7Hz, 1H, btp), 8.40 (d, J=5.4Hz, 1H, btp), 7.74 (m, 2H, btp), 7.61 (m, 4H, btp),
7.03 (m, 4H, btp), 6.80 (m, 2H, btp), 6.21 (m, 2H, btp), 6.06 (s, 1H, olefinic), 5.55 (s, 1H, olefinic), 5.31 (s, 1H, diketonate-
methine), 4.92 (br-s, 1H, NH), 4.25 (s, 2H, N-C(=0)-O-CH,-), 3.97 (m, 2H, N-CH,-CH,-0), 3.16 (m, 2H, N-CH,-CH,-0O),
1.91 (s, 3H, CH3C(=CH,)-), 1.81 (s, 3H, diketonate-methyl).

Elementary analysis Calcd: C51.69, H3.65 N4.76. (Cs3H35IrN;0S,)
Found: C51.88, H3.65, N4.51.
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ﬁ)‘\ o~ NCO

BHT, DBTL_

THF

Ir(btp),[(1-(OH-Ph-Me)-acac)] Ir (btp),[(1-(MOI-Ph-Me)-acac) ]

Example 67 : Synthesis of N-vinylcarbazole/Ir(btp),[1-(StMe)-acac] copolymer (hereinafter, abbreviated as VCz-co-Ir
(btp),[1-(StMe)-acac])

[0260] The titled copolymer was synthesized as a light emitting material containing Ir(btp),[1-(StMe)-acac] as a unit
having the function of luminescence and N-vinylcarbazole as a unit having the function of hole transportation.

[0261] 1.55 g (8.0 mmol) of N-vinylcarbazole, 33 mg (0.04 mmol) of Ir(btp),[1-(StMe)-acac], and 13 mg (0.08 mmol)
of AIBN were dissolved in 40 ml of dry toluene and argon was blown into the obtained solution for 1 hour. This solution
was warmed up to 80°C to initiate polymerization reaction and the reaction mixture was stirred as it was for 8 hours .
After cooling, the reaction mixture was dripped into 250 ml of methanol to precipitate a polymer, which was recovered
by filtration. Further, the recovered polymer was dissolved in 25 ml of chloroform. This solution was purified by dripping
it into 250 ml of methanol to reprecipitate the polymer and dried in vacuum at 60°C for 12 hours to obtain 1.11 g of the
objective compound VCz-co-Ir(btp),[1-(StMe)-acac]. Table 7 shows yields, results of GPC measurements, and Ir complex
contents measured by ICP elementary analyses.

Examples 68 to 70
[0262] Copolymers were synthesized in the same manner as in Example 67 except that in place of [1-(StMe)-acac]

the polymerizable compounds prepared in Examples 64 to 66, respectively, were used. Table 7 shows yields, results
of GPC measurements, and Ir complex contents measured by ICP elementary analyses.

Table 7
GPC Measurement
Example Polymer Recovery (%) Ir Complex Content (mol%)
Mn Mw Mw/Mn
67 VCz-co-Ir(btp),[1-(StMe) 71 4500 | 10800 | 2.40 0.59
acac]
68 VCz-co-Ir(btp),[1-(MA-Ph- 73 4300 | 10700 | 2.52 0.81
Me)acac]
69 VCz-co-Ir(btp),[1-(MOI- 58 4300 | 10900 | 2.55 0.89
Ph-Me)acac]
70 VCZ'CG';(5;2;2(1 -MOI- 72 4400 | 11800 | 2.66 0.61

Mn: Numer average molecular weight
Mw: Weight average molecular weight

Examples 71 to 74 : Fabrication and evaluation of organic light emitting element

[0263] Organic light emitting devices were fabricated in the same manner as in Examples 57 to 62 except that the
light emitting materials shown in Table 8 were used and their luminance was measured.
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[0264] As a result, the luminescence starting voltage and initial luminance at 20 V as shown in Table 8 were obtained
(average of four devices for each light emitting material).

Table 8
Example Light Emitting Material Luminescent e Starting 20 V Initial Luminance
Polymer Example voltage (V) (cd/m2)

71 VCz-co-Ir(btp),[1-(StMe) 70 9 420
acac]

79 VCz-co-Ir(btp),[1-(MA-Ph- 21 9 400
Me)acac]

73 VCz-co-Ir(btp),[1-(MOI-Ph- 79 9 360
Me)acac]

74 VCz-co-Ir(btp),(1-MOI- 73 9 200
acac)

Example 75 : Synthesis of a polymerizable compound bis(2-(4-methacryloyloxyphenyl)pyridinato) (acetylacetonato) Irid-
ium (I11) (hereinafter abbreviated as Ir(4-MA-PPy),(acac))

[0265]

(1) As shown in the Reaction Scheme below, a binuclear complex of iridium, di(-chloro)tetrakis(2-(4-hydroxyphenyl)
pyridine) diiridium (l1l) (hereinafter abbreviated as [Ir(4-HO-PPy),Cl],) was synthesized.

That is, 0.86 g (5.0 mmol) of 4-HO-PPy prepared in the same manner as in Example 27(1) and (2) and 1.00 g of sodium
hexachloroiridate (l11) hydrate were dissolved in 40 ml of a mixed solvent of 2-ethoxyethanol:water=3:1 (by volume ratio)
and argon gas was blown into the obtained solution for 30 minutes. Thereafter, the solution was stirred under reflux for
6 hours. Then, the solvent was distilled off and the remaining solid was washed with distilled water and with chloroform,
followed by drying in vacuum for 5 hours to obtain 0.63 g of [Ir(4-HO-PPy),Cl], as yellow powder. Yield: 74%. Identification
was performed by elementary analysis of C, H and N and "H-NMR.

TH-NMR (DMSO-dg, ppm) : 8 9.66 (d, 2H, J=5.9Hz), 9.38 (d, 2H, J=5.7Hz), 8.0-7.9(m, 8H), 7.61(d, 2H, J=8.1Hz), 7.54
(d, 2H, J=8.4Hz), 7.38(dd, 2H, J=6.2, 6.2Hz), 7.26(dd, 2H, J=5.7, 5.7Hz), 6.33(dd, 2H, J=8.6, 2.4Hz), 6.28 (dd, 2H,
J=8.4, 2.4Hz), 5.67 (d, 2H, J=2.2Hz), 5.12 (d, 2H, J=2.4Hz).

Elementary analysis  Calcd: C46.52, H2.84, N4.93.
Found: C46.66, H289, N4.90.

AN
OH |
P
N
2Na,IrClg* nH,0 1O L
4 — Ho Ilr\
AN 2-Ethoxyethanol E
S | | N
/

[Ir (4-HO-PPy),Cll,

(2) As shown in the Reaction Scheme below, bis(2-(4-hydroxyphenyl)pyridinato) (acetylacetonato) iridium (lll) (here-
inafter abbreviated as (Ir(4-HO-PPy),(acac)) was synthesized.

That is, 20 ml of dry N,N-dimethylformamide (hereinafter abbreviated as DMF) and 60.0 mg (0.6 mmol) of 2,4-pen-
tanedione were added to 227.2 mg (0.2 mmol) of [Ir(4-HO-PPy),CI] and 212.0 mg (2.0 mmol) of sodium carbonate
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under argon stream and the mixture was stirred at 80°C for 2 hours. After adding 50 ml of water, the reaction mixture
was extracted with chloroform and washed with saturated saline and with distilled water. The organic layer was dried
over magnesium sulfate and then concentrated and purified by column chromatography (silica gel, methanol:chloro-
form=5:95 by volume ratio). Further purification of the product by recrystallization from hexane/acetone afforded 152.0
mg of Ir (4-HO-PPy),(acac) as yellow crystal. Yield: 60%. Identification was performed by elementary analysis of C, H
and N and H-NMR.

TH-NMR (CDClg, ppm) : & 8.35 (d, 2H, J=5.7Hz), 7.7-7.6 (m, 4H), 7.41 (d, 2H, J=10.6Hz) , 7.04 (ddd, 2H, J=5.8, 5.8,
2.4Hz) , 6.33 (dd, 2H, J=8.4, 2.4Hz), 5.70(d, 2H, J=2.7Hz), 5.24(s, 1H), 1.78 (s, 6H).

Elementary analysis  Calcd: C51.34, H3.67, N443.
Found: C51.31, H3.76, N4.40.

Na,CO,

DMF

Ir (4-HO-PPy), (acac)

(3) As shown in the Reaction Scheme below, Ir(4-MA-PPy),(acac) was synthesized.

That is, 63.2 mg (0.1 mmol) of Ir(4-HO-PPy),(acac) and 0.1 mg of 2,6-di-tertbutyl-4-methylphenol (hereinafter abbre-
viated as BHT) were dissolved in 10 ml of dry THF under argon stream. To the solution were added 81.0 mg (0.8 mmol)
of triethylamine and 41.8 mg (0.4 mmol) of methacryloyl chloride and the mixture was stirred at room temperature for
2 hours . 100 ml of water was added to the reaction mixture and the reaction mixture was extracted with chloroform.
The extract was washed with saturated saline and with distilled water. The organic layer was dried over magnesium
sulfate, concentrated and purified by column chromatography (silica gel, methanol:chloroform=2:98 by volume ratio).
Recrystallization of the product from hexane/chloroform afforded 65.3 mg of Ir(4-MA-PPy),(acac) as yellow crystal.
Yield: 85%. Identification was performed by elementary analysis of C, H and N and "H-NMR.

TH-NMR (DMSO-dg, ppm) : 8 8.38(d, 2H, J=5.7Hz), 8.15(d, 2H, J=8.6Hz) , 7.95 (m, 2H) , 7.78 (d, 2H, J=8.9Hz) , 7.39
(m, 2H), 6.61 (dd, 2H, J=8.4, 2.4Hz), 6.09 (s, 2H) , 5.76 (s, 2H) , 5.71 (d, 2H, J=2.4Hz), 5.27(s, 1H), 1.86(s, 3H), 1.73
(s, 3H).

Elementary analysis  Calcd: C54.75, HA4.07, N3.65.
Found: C54.68, H4.13, N3.61.
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?Hs
+ 2 H,C=C—C—Cl1

Triethylamine

THF

Ir (4-MA-PPy), (acac)

Example 76 : Synthesis of a polymerizable compound bis(2-(4-(2-methacryloyloxy) ethylcarbamoyloxy)phenyl)pyridi-
nato) (acetylacetonato) Iridium (Ill) (hereinafter abbreviated as Ir(4-MOI-PPy),(acac))

[0266] As shown in the Reaction Scheme below, Ir(4-MOI-PPy),(acac) was synthesized.

[0267] Thatis, 63.2 mg (0.1 mmol) of Ir(4-HO-PPy),(acac), the intermediate in Example 75, 0.2 mg of BHT and 1.3
mg of dibutyltin (IV) dilaurate (hereinafter abbreviated as DBTL) were dissolved in 10 ml of dry THF under argon stream.
To this solution was further added 62.0 mg (0.4 mmol) of 2-methacryloyloxyethyl isocyanate (Trade name "Karenz MOI",
manufactured by Showa Denko K. K., hereinafter sometimes referred to as "MOI") and the mixture was stirred at 50°C
for 1 hour. To the reaction mixture was added 50 ml of water and then the reaction mixture was extracted with chloroform.
The extract was washed with saturated saline and with distilled water. After drying the organic layer over magnesium
sulfate, it was concentrated and purified by column chromatography (silica gel, methanol:chloroform=5:95(by volume
ratio)). Recrystallization of the purified product from hexane/chloroform afforded 73.5 mg of Ir(4-MOI-PPy),(acac) as
yellow crystal. Yield: 78%. Identification was performed by 'H-NMR and elementary analysis of C, H and N.

TH-NMR (DMSO-dg, ppm) : & 8.37 (d, 2H, J=5.9Hz), 8.1 (d, 2H, J=7.8Hz), 7.93 (dd, 2H, J=8.0, 8.0H), 7.70 (d, 2H,
J=8.6Hz) , 7.64 (t, 2H), 7.4 (dd, 2H, J=6.3, 6.3Hz), 6.56(dd, 2H, J=8.2, 2.3Hz), 6.02(s, 2H), 5.7-5.6(m, 4H), 5.26(s, 1H),
4.06(t, 4H, J=5.4Hz), 3.3(m, 4H, overlapped with H,0), 1.85 (s, 6H), 1.73(s, 6H) .

Elementary analysis  Calcd: C 52.28, H 4.39, N 5.95.
Found: C52.22, HA4.47, NA5.86.
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CH;4
+ 2 H2C=C—IC’:—O—(CH2)2—NCO
0
MOI
Ix (4-HO-PPy), (acac)
DBTL, BHT THF
THs H3C._~~_-CH; CHs
H2c=c—h:—o—(CHZ)2—NH—Icl:—o o 0 O—h:—NH—(CHz)z—O—lCl:—C=CH2
O 0 s/ o 0
It

Ir(4-MOI-PPy),(acac)

Example 77 : Synthesis of a polymerizable compound bis(2-(4-(4-vinylbenzyloxy)phenyl)pyridinato) (acetylacetonato)
Iridium (lll) (hereinafter abbreviated as Ir(4-ST-PPy),(acac)).

[0268] As shown in the Reaction Scheme below, Ir(4-ST-PPy),(acac) was synthesized.

[0269] Thatis, 63.2 mg (0.1 mmol) of Ir(4-HO-PPy),(acac), the intermediate in Example 75, 0.2 mg of BHT and 138.2
mg (1.0 mmol) of potassium carbonate were dissolved in 10 ml dry DMF under argon stream. To this solution was added
61.0 mg (0.4 mmol) of 4-vinylbenzyl chloride, and the mixture was stirred at 80°C for 6 hours. To the reaction mixture
was added 50 ml of water and the reaction mixture was extracted with chloroform. The extract was washed with saturated
saline and with distilled water. After drying the organic layer over magnesium sulfate, it was concentrated and purified
by column chromatography (silica gel, methanol:chloroform=5:95(by volume ratio)). Recrystallization of the purified
product from hexane/chloroform afforded 62.2 mg of Ir(4-ST-PPy),(acac) as yellow crystal. Yield: 72%. Identification
was performed by TH-NMR and elementary analysis of C, H and N.

TH-NMR (DMSO-dg, ppm) :  8.37(d, 2H, J=5.9Hz), 8.13(d, 2H, J=8.4Hz), 8.0-7.9 (m, 2H), 7.75 (d, 2H, J=8.9Hz), 7.5-7.3
(m, 10H), 6.73(m, 2H), 6.59(dd, 2H, J=8.2, 2.4Hz), 5.88(d, 2H, J=17.8Hz), 5.73 (d, 2H, J=2.4Hz), 5.3-5.2 (m, 7H), 1.78
(s, 3H).

Elementary analysis  Calcd: C 62.55, H 4.55, N 3.24.
Found: C€62.58 H4.65, N 3.20.
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+ 2 H2c=CH—O—CH2—c1

Ir (4-HO-PPy), (acac)

K,CO3 | pMF

Ir (4-ST-PPy), (acac)

Example 78 : Second method for the synthesis of a polymerizable compound Ir(4-MA-PPy),(acac)

[0270]

(1) As shown in the Reaction Scheme below, 2-(4-methacryloyloxyphenyl)pyridine (hereinafter abbreviated as 4-MA-
PPy) was synthesized.

That is, 3.42 g (20.0 mmol) of 4-HO-PPy, the intermediate in Example 75 was dissolved in 20 ml of dry dichloromethane
under argon stream. To this solution was added 6.07 g (60.0 mmol) of triethylamine and 3.14 g (30.0 mmol) of methacryloyl
chloride was dripped to the mixture over 1 hour and then the resultant mixture was stirred at room temperature for 2
hours. To the reaction mixture was added 100 ml of water and the mixture the reaction mixture was extracted with
chloroform. The extract was washed with saturated saline and with water. After drying the organic layer over magnesium
sulfate, it was concentrated and purified by column chromatography (silica gel, chloroform). Recrystallization of the
purified product from hexane/chloroform afforded 4.16 g of 4-MA-PPy as colorless crystal. Yield: 87%. Identification was
performed by TH-NMR and elementary analysis of C, H and N.

"H-NMR (CDCls, ppm) : 8 8.63 (d, 1H, J=4.9Hz), 7.98 (d, 2H, J=8.6Hz) , 7.5-7.6(m, 2H), 7.2-7.1 (m, 3H), 6.01 (s, 1H),
5.53 (s 1H), 1.83 (s, 3H) .

Elementary analysis  Calcd: C 7530, H548, Nb5.85.
Found: C75.26, H5.53, N5.79.
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Gt
oH ¢=0
I
CHjy Triethylamine 0
] ‘ —
A o CH,C1,
A l N
S f

(2) As shown in the Reaction Scheme below, a binuclear complex of iridium. di(w.-chloro)tetrakis(2-(4-methacryloyloxy-
phenyl)pyridine) diiridium (Ill) (hereinafter abbreviated as [Ir(4-MA-PPy),Cl],) was synthesized.

That is, 1.20 g (5.0 mmol) of 4-MA-PPy and 1.00 g of sodium hexachloroiridate (lll) hydrate were dissolved in 40 ml
of a mixed solvent of 2-ethoxyethanol:water=3:1 (by volume ratio) and argon gas was blown into the obtained solution
for 30 minutes. Thereafter, the solution was stirred under reflux for 6 hours. The precipitate formed was collected by
filtration and washed with ethanol and with a small amount of acetone, followed by drying in vacuum for 5 hours to
obtain 0.87 g of [Ir(4-MA-PPy),Cl], as yellow powder. Yield: 82%. Identification was performed by 'H-NMR and ele-
mentary analysis of C, H and N.

TH-NMR (DMSO-dg, ppm) : § 9.64 (d, 2H, J=5.7Hz), 9.37(d, 2H, J=5.7Hz), 8.2-8.1(m, 4H), 7.75(m, 4H), 7.6-7.5(m,
8H), 6.56(m, 4H), 5.87 (d, 2H, J=2.4Hz), 5.38 (d, 2H, J=2.4Hz), 6.09 (s, 2H), 6.03 (s, 2H), 5.79 (s, 2H), 5.74 (s, 2H),
1.89 (s, 6H), 1.87 (s, 6H).

Elementary analysis  Calcd: C51.17, H344, N3.98.
Found: C51.13, H3.51, N3.97.
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cH;
H2C=(I3
¢=0
0O
2Na;IrClg"nH,0
4 2-Ethoxyethanol
Z N
)

cHy
O_(E,—C=CH2
0] gH3

[Ir (4-MA-PPy),Cl],

(3) As shown in the Reaction Scheme below, Ir(4-MA-PPy),(acac) was synthesized.

[0271] Thatis, 20 ml of dry DMF and 60.0 mg (0.6 mmol) of 2,4-pentanedione were added to 281.7 mg (0.2 mmol) of
[Ir(4-MA-PPy),Cl], and 212.0 mg (2.0 mmol) of sodium carbonate. The mixture was stirred at 80°C for 2 hours. After
adding 100 ml of water to the reaction mixture, the reaction mixture was extracted with chloroform and the extract was
washed with saturated saline and with distilled water. After drying the organic layer over magnesium sulfate, it was
concentrated and purified by column chromatography (silica gel, methanol:chloroform=2:98(by volume ratio)). Recrys-
tallization of the purified product from hexane/chloroform afforded 221.1 mg of Ir(4-MA-PPy),(acac) as yellow crystal.
Yield: 72%. Identification was performed by TH-NMR and elementary analysis of C, H and N, which verified that this was
identical with the compound synthesized in Example 75.
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[Ir(4-MA-PPy),Cl],

CHs
H,C=C—C—0
Na,CO, °
- 2
DMF

Ir(4-MA-PPy), (acac)

Example 79 : Synthesis of N-vinylcarbazole/Ir(4-MA-PPy),(acac) copolymer (hereinafter, abbreviated as VCz-co-Ir
(4-MA-PPy),(acac))

[0272] The titled copolymer was synthesized as a light emitting material containing Ir(4-MA-PPy),(acac) as a unit
having the function of luminescence and N-vinylcarbazole as a unit having the function of hole transportation.

[0273] 966 mg (5.0 mmol) of N-vinylcarbazole, 38.4 mg (0.05 mmol) of Ir(4-MA-PPy),(acac), and 8.2 mg (0.05 mmol)
of AIBN were dissolved in 25 ml of dry toluene and argon was blown into the obtained solution for 1 hour. This solution
was warmed up to 80°C to initiate polymerization reaction and the reaction mixture was stirred as it was for 8 hours.
After cooling, the reaction mixture was dripped into 250 ml of methanol to precipitate a polymer, which was recovered
by filtration. Further, the recovered polymer was dissolved in 25 ml of chloroform. This solution was purified by dripping
it into 250 ml of methanol to reprecipitate the polymer and dried in vacuum at 60°C for 12 hours to obtain 755 mg of the
objective compound VCz-co-Ir(4-MA-PPy),(acac). Table 9 shows yields, results of GPC measurements, and Ir complex
contents measured by ICP elementary analyses. Ir(4-MA-PPy),(acac), which was a bifunctional monomer, had a low
degree of crosslinking so that produced no insoluble matter since its amount was very small as compared with the
amount of N-vinylcarbazole.

Examples 80 to 81
[0274] Copolymers were synthesized in the same manner as in Example 79 except that in place of Ir(4-MA-PPy),

(acac) , equivalent moles of the polymerizable compounds prepared in Examples 76 to 77, respectively, were used.
Table 9 shows yields, results of GPC measurements, and Ir complex contents measured by ICP elementary analyses.
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Table 9

GPC Measurement
Example Polymer Recovery (%) Ir Complex Content (mol%)

Mn Mw Mw/Mn
79 VCz-co-Ir(4-MA-PPy), 75 7100 | 29100 | 4.10 1.09
(acac)
80 VCz-co-Ir(4-MOI-PPy), 72 6500 | 28300 | 4.35 1.07
(acac)
81 VCz-co-Ir(4-ST-PPy), 77 6600 | 30600 | 4.64 1.06
(acac)

Mn: Number average molecular weigth
Mw: Weight average molecular weight

Examples 82 to 84 : Fabrication and evaluation of organic light emitting element

[0275] Organic light emitting devices were fabricated in the same manner as in Examples 57 to 62 except that the
light emitting materials shown in Table 9 were used and their luminance was measured.

[0276] As a result, the luminescence starting voltage, initial luminance at 15 V, and luminance after 200 hours’ con-
tinuous luminescence at a fixed voltage of 15V as shown in Table 10 were obtained (as average values of four devices
for each light emitting material).

Comparative Example 4
[0277] Organic light emitting devices were fabricated in the same manner as in Examples 82 to 84 except that a

coating solution was prepared by dissolving containing 19.5 mg of poly(N-vinylcarbazole) (manufactured by Tokyo Kasei
Kogyo Co., Ltd.) as a hole transporting material, 1.5 mg of a compound of the formula

synthesized by the known method (S. Lamansky, et al., Inorganic Chemistry, 40, 1704 (2001)) as a light emitting material,
and 9.0 mg of 2-(4-biphenyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole (PBD) (manufactured by Tokyo Kasei Kogyo Co.,
Ltd.) were dissolved in 2970 mg of chloroform (manufactured by Wako Pure Chemical Industries, Ltd.) and the obtained
solution was filtered through a filter having a pore size of 0.2 um, and luminance of the devices was measured. As a
result, the luminescence starting voltage, initial luminance at 15 V, and luminance after 200 hours’ continuous lumines-
cence at a fixed voltage of 15 V as shown in Table 10 were obtained (as average values of four devices for each light
emitting material).

Table 10
15 V Limunance (cd/m?2)
Example Luminescence Starting Voltage (V)
Initial After 200 Hours
82 7 370 330
83 7 330 290
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(continued)

15 V Limunance (cd/m?2)
Example Luminescence Starting Voltage (V)
Initial After 200 Hours
84 7 410 350
Comparative Example 4 7 360 120

INDUSTRIAL APPLICABILITY

[0278] By using the polymer light emitting material of the present invention, energy in an excited triplet state can be
efficiently converted to light emission or luminescence so that an organic light emitting device exhibiting high luminance
and high durability can be provided.

[0279] Furthermore, by using non-crosslinking and/or crosslinking polymer light emitting material obtained by forming
the polymerizable light emitting compound into a film, an organic light emitting device having good processability can
be provided.

[0280] The polymerizable compounds of the formulae (C-1), (D-1), (E-1), (F-1) or (G-1) give rise to novel polymers
containing an iridium complex part. By using such polymers as a light emitting materials for organic light emitting devices,
organic light emitting devices that efficiently emit from an excited triplet state, are excellent in stability, can be designed
so as to have a large area and hence are suitable for mass production can be provided.

Claims

1. Apolymer light-emitting material obtainable by polymerizing a polymerizable composition comprising a polymerizable
light-emitting compound, wherein the polymerizable light-emitting compound is selected from a polymerizable iridium
complex and a polymerizable platinum complex and contains a polymerizable functional group having carbon-carbon
double bond.

2. The polymer light-emitting material according to claim 1, wherein the polymerizable light-emitting compound is
selected from an iridium complex and a platinum complex and has a coordinate bond between a nitrogen atom of

a ligand containing a pyrimidine skeleton and/or a quinoline skeleton and iridium or platinum.

3. The polymer light-emitting material according to claim 1, wherein the polymerizable light-emitting compound is a
polymerizable compound represented by the formula (C-1) below:

(C-1)

wherein at least one of AC, BC and CC represents a substituent having a polymerizable functional group having a
carbon-carbon double bond, and the remainder of AC, BC, and CC independently represent a hydrogen atom, a
halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic group
having 1 to 20 carbon atoms which may have one or more heteroatoms; and R to R2' independently represent a
hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group,
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or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms.

The polymer light-emitting material according to claim 1, wherein the polymerizable light-emitting compound is a
polymerizable compound represented by the formula (D-1) below:

YID

(D-1)

wherein at least one of X1D, Y1D, and Z1D represents a substituent having a polymerizable functional group having
a carbon-carbon double bond, and the remainder of XD, YD, and Z'D independently represent a hydrogen atom,
or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms; and R’ to R16 inde-
pendently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid group, a
sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms.

The polymer light-emitting material according to claim 1, wherein the polymerizable light-emitting compound is a
polymerizable compound represented by the formula (E-1) below:

(E-1)

wherein XE represents a substituent having a polymerizable functional group having a carbon-carbon double bond.;
R1E, R2E and R3E independently represents a hydrogen atom, a halogen atom, or an organic group having 1 to 20
carbon atoms; and R4 to R'? independently represent a hydrogen atom, a halogen atom, a nitro group, an amino
group, a sulfonic acid group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which
may have one or more heteroatoms.

The polymer light-emitting material according to claim 1, wherein the polymerizable light-emitting compound is a
polymerizable compound represented by the formula (F-1) below:
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(F-1)

wherein at least one of X'F, Y1F and Z'F represents a substituent having a polymerizable functional group having
a carbon-carbon double bond, and the remainder of X'F, Y1F, and Z'F independently represent a hydrogen atom,
a halogen atom, or an organic group having 1 to 20 carbon atoms which may have one or more heteroatoms; and
R to R'6 independently represent a hydrogen atom, a halogen atom, a nitro group, an amino group, a sulfonic acid
group, a sulfonic acid ester group, or an organic group having 1 to 20 carbon atoms which may have one or more
heteroatoms.

The polymer light-emitting material according to claim 1, wherein the polymerizable light-emitting compound is a
polymerizable compound represented by the formula (G-1) below:

(G-1)

wherein L represents a monovalent anionic bidentate ligand; X€ represents a substituent having a polymerizable
functional group having a carbon-carbon double bond; and R! to R independently represent a hydrogen atom, a
halogen atom, a nitro group, an amino group, a sulfonic acid group, a sulfonic acid ester group, or an organic group
having 1 to 20 carbon atoms which may have one or more heteroatoms.

The polymer light-emitting material according to any one of claims 1 to 7, wherein at least one polymerizable light-
emitting compound is a crosslinking polymerizable light-emitting compound having two or more polymerizable func-

tional groups and the polymer compound obtainable by the polymerization is a crosslinked polymer.

The polymer light-emitting material according to any one of claims 1 to 8, wherein the polymerizable functional group
having a carbon-carbon double bond is radically polymerizable.

A light-emitting composition comprising the polymer light-emitting material according to any one of claims 1 to 9,
and a carrier transporting polymer compound.

The light-emitting composition according to claim 10, wherein the carrier transporting polymer compound is a hole
transporting polymer compound.

149



10

15

20

25

30

35

40

45

50

55

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

EP 1 407 501 B1

The light-emitting composition according to claim 10, wherein the carrier transporting polymer compound is an
electron transporting polymer compound.

A light-emitting composition comprising the light-emitting material according to any one of claims 1 to 9, and a carrier
transporting low molecular weight compound.

The light-emitting composition according to claim 13, wherein the carrier transporting low molecular weight compound
is a hole transporting low molecular weight compound.

The light-emitting composition according to claim 13, wherein the carrier transporting low molecular weight compound
is an electron transporting low molecular weight compound.

A layer containing a light-emitting material for organic light-emitting device, wherein a light-emitting material is a
polymer light-emitting material described in claim 1.

The layer containing a light-emitting material for organic light-emitting device according to claim 16, obtainable by
forming into a film a polymer light-emitting material described in claim 1.

The layer containing a light-emitting material for organic light-emitting device according to claim 17, wherein the
polymer light-emitting material has no crosslinking structure.

The layer containing a light-emitting material for organic light-emitting device according to claim 16, wherein the
polymer light-emitting material is obtainable by forming a polymerizable composition containing at least one light-
emitting compound into a film and then polymerizing it.

The layer containing a light-emitting material for organic light-emitting device according to claim 19, wherein the
polymer light-emitting material has no crosslinking structure.

The layer containing a light-emitting material for organic light-emitting device according to claim 19, wherein the
polymer light-emitting material has a crosslinking structure.

An organic light-emitting device comprising the polymer light-emitting material according to any one of claims 1 to 9.
The organic light-emitting device according to claim 22, comprising a light-emitting layer comprising the polymer

light-emitting material described in any one of claims 1 to 9 having both sides or one side thereof an electron
transporting layer of a coated type, and/or a hole transporting layer of a coated type.

Patentanspriiche

1.

Licht-emittierendes Polymermaterial, erhaltlich durch Polymerisation einer polymerisierbaren Zusammensetzung,
die eine Licht-emittierende polymerisierbare Verbindung enthélt, wobei die Licht-emittierende polymerisierbare Ver-
bindung unter einem polymerisierbaren Iridiumkomplex und einem polymerisierbaren Platinkomplex ausgewahlt ist
und eine polymerisierbare funktionelle Gruppe mit einer Kohlenstoff-Kohlenstoff-Doppelbindung enthalt.

Licht-emittierendes Polymermaterial nach Anspruch 1, worin die Licht-emittierende polymerisierbare Verbindung
unter einem Iridiumkomplex und einem Platinkomplex ausgewahlt ist und eine koordinative Bindung zwischen einem
Stickstoffatom eines Liganden, der ein Pyrimidinskelett und/oder ein Chinolinskelett enthalt, und Iridium oder Platin
aufweist.

Licht-emittierendes Polymermaterial nach Anspruch 1, worin die Licht-emittierende polymerisierbare Verbindung
eine polymerisierbare Verbindung der nachstehenden Formel (C-1) darstellt:
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worin mindestens einer der Substituenten AC, B€ und CC eine polymerisierbare funktionelle Gruppe mit einer Koh-
lenstoff-Kohlenstoff-Doppelbindung aufweist und die verbleibenden Substituenten AC, BC und CC unabhangig von-
einander ein Wasserstoffatom, ein Halogenatom, eine Nitrogruppe, eine Aminogruppe, eine Sulfonsduregruppe,
eine Sulfonsaureestergruppe oder eine organische Gruppe mit 1 bis 20 Kohlenstoffatomen, die ein oder mehrere
Heteroatome enthalten kann, darstellen; und R bis R2! unabhangig voneinander ein Wasserstoffatom, ein Halo-
genatom, eine Nitrogruppe, eine Aminogruppe, eine Sulfonsauregruppe, eine Sulfonsaureestergruppe oder eine
organische Gruppe mit 1 bis 20 Kohlenstoffatomen, die ein oder mehrere Heteroatome aufweisen kann, darstellen.

Licht-emittierendes Polymermaterial nach Anspruch 1, worin die Licht-emittierende polymerisierbare Verbindung
eine polymerisierbare Verbindung der folgenden Formel (D-1) ist:

(D-1)

worin mindestens einer der Substituenten XD, Y1D und Z'D eine polymerisierbare funktionelle Gruppe mit einer
Kohlenstoff-Kohlenstoff-Doppelbindung ist und die restlichen Substituenten XD, Y1D und Z'P unabhangig vonein-
ander ein Wasserstoffatom oder eine organische Gruppe mit 1 bis 20 Kohlenstoffatomen, die ein oder mehrere
Heteroatome aufweisen kann, darstellen; und R bis R'6 unabhangig voneinander ein Wasserstoffatom, ein Halo-
genatom, eine Nitrogruppe, eine Aminogruppe, eine Sulfonsauregruppe, eine Sulfonsaureestergruppe oder eine
organische Gruppe mit 1 bis 20 Kohlenstoffatomen, die ein oder mehrere Heteroatome aufweisen kann, darstellen.

Licht-emittierendes Polymermaterial nach Anspruch 1, wobei die Licht-emittierende polymerisierbare Verbindung
eine polymerisierbare Verbindung der nachstehenden Formel (E-1) ist:
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xE

RIE

(E-1)

worin XE einen Substituenten darstellt, der eine polymerisierbare funktionelle Gruppe mit einer Kohlenstoff- Kohlen-
stoff-Doppelbindung aufweist; R1E, R2E und R3E unabhéngig voneinander ein Wasserstoffatom, ein Halogenatom
oder eine organische Gruppe mit 1 bis 20 Kohlenstoffatomen darstellen; und R# bis R'9 unabhangig voneinander
ein Wasserstoffatom, ein Halogenatom, eine Nitrogruppe, eine Aminogruppe, eine Sulfonsduregruppe, eine Sul-
fonsaureestergruppe oder eine organische Gruppe mit 1 bis 20 Kohlenstoffatomen, die ein oder mehrere Heteroato-
me aufweisen kann, darstellen.

Licht-emittierendes Polymermaterial nach Anspruch 1, wobei die Licht-emittierende polymerisierbare Verbindung
eine polymerisierbare Verbindung der folgenden Formel (F-1) ist:

(F-1)

worin mindestens einer der Substituenten X'F, Y1F und Z'F eine polymerisierbare funktionelle Gruppe mit einer
Kohlenstoff-Kohlenstoff-Doppelbindung ist und die restlichen X'F, Y1F und Z'F unabhéngig voneinander ein Was-
serstoffatom, ein Halogenatom oder eine organische Gruppe mit 1 bis 20 Kohlenstoffatomen, die ein oder mehrere
Heteroatome aufweisen kann, darstellt; und R' bis R16 unabhangig voneinander ein Wasserstoffatom, ein Halo-
genatom, eine Nitrogruppe, eine Aminogruppe, eine Sulfonsauregruppe, eine Sulfonsaureestergruppe oder eine
organische Gruppe mit 1 bis 20 Kohlenstoffatomen, die ein oder mehrere Heteroatome aufweisen kann, darstellen.

Licht-emittierendes Polymermaterial nach Anspruch 1, wobei die Licht-emittierende polymerisierbare Verbindung
eine polymerisierbare Verbindung der nachstehenden Formel (G-1) ist:
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(G-1)

worin L einen einwertigen anionischen zweizahnigen Liganden darstellt; XC einen Substituenten mit einer polyme-
risierbaren funktionellen Gruppe mit einer Kohlenstoff-Kohlenstoff-Doppelbindung darstellt; und R bis R7 unabhén-
gig voneinander ein Wasserstoffatom, ein Halogenatom, eine Nitrogruppe, eine Aminogruppe, eine Sulfonsaure-
gruppe, eine Sulfonsaureestergruppe oder eine organische Gruppe mit 1 bis 20 Kohlenstoffatomen, die ein oder
mehrere Heteroatome aufweisen kann, darstellen.

Licht-emittierendes Polymermaterial nach einem der Anspriiche 1 bis 7, worin mindestens eine Licht-emittierende
polymerisierbare Verbindung eine vernetzende polymerisierbare Licht-emittierende Verbindung mit 2 oder mehr
polymerisierbaren funktionellen Gruppen ist und die durch Polymerisation erhaltliche Polymerverbindung ein ver-
netztes Polymer ist.

Licht-emittierendes Polymermaterial nach einem der Anspriiche 1 bis 8, worin die polymerisierbare funktionelle
Gruppe mit einer Kohlenstoff-Kohlenstoff-Doppelbindung radikalisch polymerisierbar ist.

Licht-emittierende Zusammensetzung, die das Licht-emittierende Polymermaterial nach einem der Anspriiche 1 bis
9 und eine Tragertransportpolymerverbindung enthalt.

Licht-emittierende Zusammensetzung nach Anspruch 10, worin die Tragertransportpolymerverbindung eine Loch-
transportpolymerverbindung ist.

Licht-emittierende Zusammensetzung nach Anspruch 10,
worin die Tragertransportpolymerverbindung eine Elektronentransportpolymerverbindung ist.

Licht-emittierende Zusammensetzung, die das Licht-emittierende Material nach einem der Anspriiche 1 bis 9 und
eine Tragertransportverbindung mit niedrigem Molekulargewicht enthalt.

Licht-emittierende Zusammensetzung nach Anspruch 13, worin die Tragertransportverbindung mit niedrigem Mo-
lekulargewicht eine Lochtransportverbindung niederen Molekulargewichts ist.

Licht-emittierende Zusammensetzung nach Anspruch 13, worin die Tragertransportverbindung mit niedrigem Mo-
lekulargewicht eine Elektronentransportverbindung niederen Molekulargewichts ist.

Ein Licht-emittierendes Material enthaltende Schicht fiir eine organische Licht-emittierende Vorrichtung, worin das
Licht-emittierende Material ein Licht-emittierendes Polymermaterial nach Anspruch 1 ist.

Ein Licht-emittierendes Material enthaltende Schicht fiir eine organische Licht-emittierende Vorrichtung nach An-
spruch 16, erhaltlich durch Bilden eines Films aus dem Lichtemittierenden Polymermaterial nach Anspruch 1.

Ein Licht-emittierendes Material enthaltende Schicht fiir eine organische Licht-emittierende Vorrichtung nach An-
spruch 17, wobei das Licht-emittierende Polymermaterial keine vernetzende Struktur hat.

Ein Licht-emittierendes Material enthaltende Schicht fiir eine organische Licht-emittierende Vorrichtung nach An-
spruch 16, wobei das Licht-emittierende Polymermaterial durch Bilden eines Films aus einer polymerisierbaren
Zusammensetzung, die mindestens eine Licht-emittierende Verbindung enthalt, und anschlieRendes Polymerisieren
erhaltlich ist.
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Ein Licht-emittierendes Material enthaltende Schicht fiir eine organische Licht-emittierende Vorrichtung nach An-
spruch 19, wobei das Licht-emittierende Polymermaterial keine vernetzende Struktur hat.

Ein Licht-emittierendes Material enthaltende Schicht fiir eine organische Licht-emittierende Vorrichtung nach An-
spruch 19, worin das Licht-emittierende Polymermaterial eine vernetzende Struktur hat.

Organische Licht-emittierende Vorrichtung, die das Licht-emittierende Polymermaterial nach einem der Anspriiche
1 bis 9 enthalt.

Organische Licht-emittierende Vorrichtung nach Anspruch 22, die eine das in einem der Anspriiche 1 bis 9 beschrie-
bene Licht-emittierende Polymermaterial enthaltende Licht-emittierende Schicht umfalit, wobei beide Seiten oder
eine Seite davon eine Elektronentransportschicht vom Typ eines Uberzugs und/oder eine Lochtransportschicht vom
Typ eines Uberzugs ist.

Revendications

Matériau polymére émettant de la lumiére pouvant étre obtenu par polymérisation d’'une composition polymérisable
comprenant un composé polymérisable émettant de la lumiere, dans lequel le composé polymérisable émettant de
la lumiére est choisi parmi un complexe d’iridium polymérisable et un complexe de platine polymérisable et contient
un groupe fonctionnel polymérisable présentant une double liaison carbone-carbone.

Matériau polymére émettant de la lumiére selon la revendication 1, dans lequel le composé polymérisable émettant
de la lumiére est choisi parmi un complexe d’iridium et un complexe de platine et présente une liaison coordonnée
entre un atome d’azote d’un ligand contenant un squelette pyrimidine et/ou un squelette quinoléine et l'iridium ou
le platine.

Matériau polymére émettant de la lumiére selon la revendication 1, dans lequel le composé polymérisable émettant
de la lumiére est un composé polymérisable représenté par la formule (C-1) ci-dessous :

R? R3 Ac R4 RS pRe

dans laquelle au moins un parmi A¢, B¢ et C¢ représente un substituant présentant un groupe fonctionnel polymé-
risable ayant une double liaison carbone-carbone et le restant de A¢, B¢ et C¢ représente indépendamment un
atome d’hydrogene, un atome d’halogéne, un groupe nitro, un groupe amino, un groupe acide sulfonique, un groupe
ester d’acide sulfonique ou un groupe organique ayant de 1 a 20 atomes de carbone qui peut présenter un ou
plusieurs hétéroatomes ; et R1 & R21 représentent indépendamment un atome d’hydrogéne, un atome d’halogéne,
un groupe nitro, un groupe amino, un groupe acide sulfonique, un groupe ester d’acide sulfonique ou un groupe
organique ayant de 1 a 20 atomes de carbone qui peut présenter un ou plusieurs hétéroatomes.

Matériau polymére émettant de la lumiére selon la revendication 1, dans lequel le composé polymérisable émettant
de la lumiére est un composé copolymérisable représenté par la formule (D-1) ci-dessous :
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Y10
X1o Z0

(D-1)

dans laquelle au moins un parmi XD, Y1D et Z1D représente un substituant présentant un groupe fonctionnel
polymérisable ayant une double liaison carbone-carbone etle restant de X'P, Y1D et Z1P représente indépendamment
un atome d’hydrogéne ou un groupe organique ayant de 1 a 20 atomes de carbone qui peut présenter un ou plusieurs
hétéroatomes ; et R! & R16 représentent indépendamment un atome d’hydrogéne, un atome d’halogéne, un groupe
nitro, un groupe amino, un groupe acide sulfonique, un groupe ester d’acide sulfonique ou un groupe organique
ayant de 1 a 20 atomes de carbone qui peut présenter un ou plusieurs hétéroatomes.

Matériau polymére émettant de la lumiére selon la revendication 1, dans lequel le composé polymérisable émettant
de la lumiére est un composé polymérisable représenté par la formule (E1) ci-dessous :

R12 R

Rl AW R0 R¢

dans laquelle XE représente un substituant ayant un groupe fonctionnel polymérisable présentant une double liaison
carbone-carbone ; R1E, R2E et R3E représentent indépendamment un atome d’hydrogéne, un atome d’halogéne ou
un groupe organique ayant de 1 a 20 atomes de carbone ; et R* a R19 représentent indépendamment un atome
d’hydrogene, un atome d’halogéne, un groupe nitro, un groupe amino, un groupe acide sulfonique, un groupe ester
d’acide sulfonique ou un groupe organique ayant de 1 a 20 atomes de carbone qui peut présenter un ou plusieurs
hétéroatomes.

Matériau polymére émettant de la lumiére selon la revendication 1, dans lequel le composé polymérisable émettant
de la lumiére est un composé polymérisable représenté par la formule (F-1) ci-dessous :
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(F-1)

dans laquelle au moins un parmi X1F, Y1F et Z1F représente un substituant présentant un groupe fonctionnel poly-
mérisable ayant une double liaison carbone-carbone, et le restant de X'F, Y1F et ZF représente indépendamment
un atome d’hydrogéne, un atome d’halogéne ou un groupe organique ayant de 1 a 20 atomes de carbone qui peut
présenter un ou plusieurs hétéroatomes ; et R & R16 représentent indépendamment un atome d’hydrogéne, un
atome d’halogéne, un groupe nitro, un groupe amino, un groupe acide sulfonique, un groupe ester d’acide sulfonique
ou un groupe organique ayant de 1 a 20 hétéroatomes qui peut présenter un ou plusieurs hétéroatomes.

Matériau polymére émettant de la lumiére selon la revendication 1, dans lequel le composé polymérisable émettant
de la lumiére est un composé polymérisable représenté par la formule (G-1) ci-dessous :

(G-1)

dans laquelle L représente un ligand bidenté anionique monovalent ; XC représente un substituant ayant un groupe
fonctionnel polymérisable ayant une double liaison carbone-carbone ; et R & R7 représentent indépendamment
un atome d’hydrogene, un atome d’halogéne, un groupe nitro, un groupe amino, un groupe acide sulfonique, un
groupe ester d’acide sulfonique ou un groupe organique ayant de 1 a 20 atomes de carbone qui peut présenter un
ou plusieurs hétéroatomes.

Matériau polymere émettant de la lumiére selon I'une quelconque des revendications 1 a 7, dans lequel au moins
un composé polymérisable émettant de la lumiére est un composé polymérisable par réticulation émettant de la
lumiére présentant deux ou plusieurs groupes fonctionnels polymérisables et le composé polymeére pouvant étre
obtenu par la polymérisation d’'un polymére réticulé.

Matériau polymére émettant de la lumiere selon I'une quelconque des revendications 1 a 8, dans lequel le groupe
fonctionnel polymérisable présentant une double liaison carbone-carbone peut étre polymeérisé par polymérisation
radicalaire.

10. Composition émettant de la lumiére comprenant le matériau polymére émettant de la lumiére selon 'une quelconque
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des revendications 1 a 9, et un composé polymeére transportant un porteur de charge.

Composition émettant de la lumiére selon la revendication 10, dans lequel le composé polymeére transportant un
porteur de charge est un composé polymeére transportant un trou.

Composition émettant de la lumiére selon la revendication 10, dans laquelle le composé transportant un porteur de
charge est un composé polymeére transportant un électron.

Composition émettant de la lumiere comprenant le matériau émettant de la lumiére selon 'une quelconque des
revendications 1 a 9 et un composé transportant un porteur de charge de faible poids moléculaire.

Composition émettant de la lumiére selon la revendication 13, dans laquelle le composé transportant un porteur de
charge de faible poids moléculaire est un composé transportant un trou de faible poids moléculaire.

Composition émettant de la lumiére selon la revendication 13, dans laquelle le composé transportant un porteur de
charge de faible poids moléculaire est un composé transportant un électron de faible poids moléculaire.

Couche contenant un matériau émettant de la lumiére pour un dispositif organique émettant de la lumiére, dans
laquelle un matériau émettant de la lumiére est un matériau polymére émettant de la lumiére décrit dans la reven-
dication 1.

Couche contenant un matériau émettant de la lumiére pour un dispositif organique émettant de la lumiére selon la
revendication 16 pouvant étre obtenue par fagonnage en un film d’'un matériau polymére émettant de la lumiére
décrit dans la revendication 1.

Couche contenant un matériau émettant de la lumiére pour un dispositif organique émettant de la lumiére selon la
revendication 17, dans laquelle le matériau polymére émettant de la lumiére présente une structure non réticulante.

Couche contenant un matériau émettant de la lumiére pour un dispositif organique émettant de la lumiére selon la
revendication 16, dans laquelle le matériau polymére émettant de la lumiére peut étre obtenu par fagonnage d’une
composition polymérisable contenant au moins un composé émettant de la lumiére en un film et par polymérisation
subséquente de celui-ci.

Couche contenant un matériau émettant de la lumiére pour un dispositif organique émettant de la lumiére selon la
revendication 19, dans laquelle le matériau polymére émettant de la lumiére présente une structure non réticulante.

Couche contenant un matériau émettant de la lumiére pour un dispositif organique émettant de la lumiére selon la
revendication 19, dans laquelle le matériau polymére émettant de la lumiére présente une structure réticulante.

Dispositif organique émettant de la lumiére comprenant le matériau polymére émettant de la lumiére selon 'une
quelconque des revendications 1 a 9.

Dispositif organique émettant de la lumiere selon la revendication 22 comprenant une couche émettant de la lumiere
comprenant le matériau polymeére émettant de la lumiére décrit dans I'une quelconque des revendications 1 a 9
présentant sur les deux c6tés ou sur un coté de celle-ci une couche transportant un électron d’un type revétu et/ou
une couche transportant un trou d’un type revétu.
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