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(57) ABSTRACT

An electroluminescent material comprises the following
structural unit:

cec

where X is selected from a group consisting of NR, O, S,
SO, SO,, CR,, PR, POR, BR, SiR,; where R is a sub-
stituent group and Ar' and Ar* comprise aromatic rings;
and, wherein Ar' or Ar? is fused to a further aryl system
Ar’. An optical device comprises a first electrode for
injection of positive charge carriers, a second electrode
for injection of negative charge carriers and a layer
located between the first and second electrode compris-
ing the electroluminescent material.
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Monomer 1

[0100] The first step is as per the synthesis in Example 1.
The dibromo-dicarboxylic acid was prepared as described in
D. J. Sinclair, M. S. Sherburn, J. Org. Chem. 2005, 70, 3730-
3733. Reaction of this compound with 4-hexylphenyllithium,
followed by ring closure yielded Monomer 1 as pale yellow
solid. The structure was confirmed by NMR and LCMS.
[0101] The monomer was co-polymerised with a fluorene
monomer of Formula (VIII) and an amine monomer of for-
mula (IX), via a Suzuki polymerisation, to make a blue emit-
ting electroluminescent polymer.

EXAMPLE 3

Polymer

[0102] Polymers comprising repeat units based on Mono-
mer 1 and fluorene repeat units of formula VIII was prepared
by Suzuki polymerisation as described in WO 00/53656.

Composition Polymer 1

[0103] 3.5% Monomer 1, 16.5% Monomer 3, 30% Mono-
mer 4, 50% Monomer 5

[0104] Molecular weight relative to polystyrene standard:
Mw 859k, Mp 779 k, Mn 311 k, Pd 2.78

COMPARATIVE EXAMPLE

[0105] For the purpose of comparison, a polymer was pre-
pared as per Example 3, except that the polymer was synthe-
sised using the unfused phenoxazine monomer below in place
of Monomer 1:

Composition Polymer 2 (Comparative Example)

[0106] 3.5% Monomer 2, 16.5% Monomer 3, 30% Mono-
mer 4, 50% Monomer 5
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1. 4 eq Hexphenyl Li
—_—
2. BF3 Et20

TS

CJ

O CeHy3

[0107] Molecular weight relative to polystyrene standard:
Mw 394 k, Mp 343 k, Mn 148 k, Pd 2.59

Monomer 1

Seeo oo N
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Monomer 4
CeH3 CeHy3
Monomer 5

O O
Br B

(6] (6]

CeH)35 CeHyz

DEVICE EXAMPLE

[0108] Poly(ethylene dioxythiophene)/poly(styrene sul-
fonate) (PEDT/PSS), available from H C Starck of
Leverkusen, Germany as Baytron P® was deposited over an
indium tin oxide anode supported on a glass substrate by spin
coating. A hole transporting layer comprising fluorene repeat
units of formula VIII and amine repeat units of formula IX
was deposited over the PEDT/PSS layer by spin coating from
xylene solution and heated at 180° C. for 1 hour. Polymer 1
was deposited over the hole transporting layer by spin-coat-
ing from xylene solution to a thickness of around 70 nm. A
BaO/Al cathode was formed over polymer 1 by evaporating a
first layer of barium oxide to a thickness of up to about 5 nm
and a second layer of aluminium barium to a thickness of
about 100 nm. Finally, the device is sealed using a metal
enclosure containing a getter that is placed over the device
and glued onto the substrate in order to form an airtight seal.

[0109] Polymer 1 was found to have a peak external quan-
tum efficiency of 6.28%. In contrast, a corresponding device
comprising the polymer of the Comparative Example (Poly-
mer 2)inplace of Polymer 1 was found to have a peak external
quantum efficiency of only 5.23% (that is, about 20% lower
than Polymer 1.

[0110] By following the same reaction scheme as in the
Examples, while making the appropriate changes to the
reagents, it is possible to produce the compounds 2 to 13
shown below, including their equivalent monomers for inclu-
sionin polymer backbones. Each of these compounds emitted
ata characteristic wavelength, dependent upon their substitu-
ent groups and the extent of their conjugation.

[0111] Each of the compounds 1 to 13 can be used to form
a layer of “small molecule” (i.e. non-polymeric) material as
an emitter/hole transport layer in a small molecule OLED
device. The layer can consist of such a material, or comprise
the material together with other suitable compounds. Com-
pounds 1 to 13 for use in such a small molecule OLED device
can each be optionally substituted, for example with groups
which will help improve solubility for deposition from solu-
tion, for example by ink-jet printing or spin coating.
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Compound 9

Compound 10

Compound 11

Compound 12
X O
|
R

Compound 13
X
N

[0112] Detailed information on device structures and meth-
ods of making both polymer and small molecule OLED
devices are described in the book “Organic Light-Emitting
Materials and Devices” Edited by Zhigang Li and Hong
Meng, published by CRC Press (Taylor and Francis) in 2007
(ISBN 1-57444-574-X), especially Chapters 2 and 8 for poly-
mer materials and devices, and Chapters 3 and 7 for small
molecule materials and devices.

1. An electroluminescent polymer comprising the follow-
ing repeat unit:

o@e

where X is selected from the group consisting of NR, O, S,
SO, 8O,, CR,, PR, POR, BR, and SiR,;
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where R is a substituent group and Ar' and Ar* comprise
aromatic rings; and,

wherein one of Ar* and Ar? is fused to a further aryl system
Ar

2. An electroluminescent polymer according to claim 1
wherein the other of Ar’ and Ar? is fused to a second, option-
ally substituted aryl system Ar®.

3. An electroluminescent polymer according to claim 1,
where at least one of Ar' and Ar* comprises a phenyl group.

4. An electroluminescent polymer according to claim 1,
where R is selected from the group consisting of hydrogen,
alkyl, alkoxy, and aryl.

5. An electroluminescent polymer according to claim 2,
wherein Ar® and Ar* comprise the same aryl system.

6. An electroluminescent polymer according to claim 1,
wherein the repeat unit is free from symmetry.

7. An electroluminescent polymer according to claim 1
wherein Ar’, comprises the structure

whereY is selected from the group consisting of NR, O, S,
SO, SO,, CR,, PR, POR, BR, and SiR,.
8. An electroluminescent polymer according to claim 1,
wherein Ar® comprises the structure

O

whereY is selected from the group consisting of NR, O, S,
SO, SO,, CR,, PR, POR, BR, and SiR,.
9. An electroluminescent polymer according to claim 1
wherein Ar® comprises the structure

10. An electroluminescent polymer according to claim 1
wherein Ar® comprises the structure

11. An electroluminescent polymer according to claim 2
wherein at least one of Ar® and Ar* is fused and further
conjugated to a third, optionally substituted aryl system Ar>.
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12. An electroluminescent polymer according to claim 11
wherein the other of Ar® and Ar* is fused and conjugated to a
fourth, optionally substituted aryl system Ar®.

13. An electroluminescent polymer according to claim 11
wherein Ar’ comprises the structure

14. An electroluminescent polymer according to claim 11
wherein Ar’ comprises the structure

L0

15. An electroluminescent polymer according to claim 1,
wherein Ar® comprises the structure

whereY is selected from the group consisting of NR, O, S,
SO, 8O,, CR,, PR, POR, BR, and SiR,.
16. An electroluminescent polymer according to claim 1,
wherein Ar® comprises the structure

N
\I):
N

17. A polymer as claimed in claim 1 in which the polymer
is a conjugated polymer.

18. A monomer for preparing a polymer as claimed in
claim 1 comprising a compound having the structure:

L

R

where X is selected from the group consisting of NR, O, S,
SO, SO,, CR,, PR, POR, BR, and SiR,;

where R is a substituent group and Ar' and Ar* comprise
aromatic rings; and,

12
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wherein Ar' or Ar® is fused to a further aryl system Ar’,
wherein at least one of the aryl systems is substituted
with one or more reactive groups Z.

19. A monomer according to claim 18, wherein one or all of
the reactive groups comprise a halide, a boronic ester, or a
boronic acid group.

20. An electroluminescent polymer comprising a copoly-
mer of a monomer according to claim 18 and a second mono-
mer having a structure

21. An electroluminescent polymer according to claim 20,
comprising less than 20 mol % of said second monomer.

22. An optical device comprising a first electrode for injec-
tion of positive charge carriers, a second electrode for injec-
tion of negative charge carriers and a layer located between
the first and second electrode comprising an electrolumines-
cent polymer according to claim 1.

23. A method of tuning the emission wavelength of an
electroluminescent compound comprising the structure

9@C

where X is selected from the group consisting of NR, O, S,
SO, SO,, CR,, PR, POR, BR, and SiR,;

where Ar* and Ar* comprise aryl groups and where R
comprises an optionally substituted alkyl or aryl group,
and,

wherein the method comprises fusing one or more further
aryl systems to one or both of Ar' and Ar*.

24. An electroluminescent material for use in a light emit-
ting device, the material comprising one of the following
optionally substituted structures 1 to 13:

Seeon?
i { e (O

N41
CeHiz Gy CeHy3
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-continued -continued
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where X and Y are selected from the group consisting of
X NR, O, S, SO, SO,, CR,, PR, POR, BR, and SiR,, and
where R is selected from the group consisting of hydro-
v N v gen, alkyl, alkoxy, and aryl.
R

25. An electroluminescent polymer according to claim 2
®) wherein at least one of Ar® and Ar* comprises the structure

whereY is selected from the group consisting of NR, O, S,
SO, SO,, CR,, PR, POR, BR, and SiR,.
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26. An electroluminescent polymer according to claim 2, 28. An electroluminescent poly‘{ner according to claim 2
wherein at least one of Ar® and Ar* comprises the structure wherein at least one of Ar* and Ar* comprises the structure

KYD
Iﬁl 29. An electroluminescent polymer according claim 12

wherein at least one of Ar® and Ar°® comprises the structure

whereY is selected from the group consisting of NR, O, S,
SO, SO,, CR,, PR, POR, BR, and SiR,. \

27. An electroluminescent polymer according to claim 2

wherein at least one of Ar® and Ar*, comprises the structure

30. An electroluminescent polymer according to claim 12
wherein at least one of Ar’ and Ar® comprises the structure

iz
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ELECTROLUMINESCENT MATERIALS AND
OPTICAL DEVICE

[0001] The present invention relates to organic electrolu-
minescent materials for optical devices, the control of their
physical properties, and optical devices including them.
[0002] With reference to FIG. 1, the architecture of an
electroluminescent device according to the invention com-
prises a transparent glass or plastic substrate 1, an anode 2 of
indium tin oxide and a cathode 4. An electroluminescent layer
3 is provided between anode 2 and cathode 4.

[0003] Inapractical device, at least one of the electrodes is
semi-transparent in order that light may be absorbed (in the
case of a photoresponsive device) or emitted (in the case of an
OLED). Where the anode is transparent, it typically com-
prises indium tin oxide.

[0004] Further layers may be located between anode 2 and
cathode 3, such as charge transporting, charge injecting or
charge blocking layers.

[0005] In particular, it is desirable to provide a conductive
hole injection layer formed of a doped organic material
located between the anode 2 and the electroluminescent layer
3 to assist hole injection from the anode into the layer or
layers of semiconducting polymer. Examples of doped
organic hole injection materials include poly(ethylene diox-
ythiophene) (PEDT), polyaniline as disclosed in U.S. Pat. No.
5,723,873 and U.S. Pat. No. 5,798,170, and poly
(thienothiophene). Exemplary acids include PEDT doped
with polystyrene sulfonate (PSS) as disclosed in EP 0901176
and EP 0947123, polyacrylic acid or a fluorinated sulfonic
acid, for example Nafion®.

[0006] Ifpresent, ahole transporting layer located between
anode 2 and electroluminescent layer 3 preferably has a
HOMO level of less than or equal to 5.5 eV, more preferably
around 4.8-5.5 eV.

[0007] If present, an electron transporting layer located
between electroluminescent layer 3 and cathode 4 preferably
has a LUMO level of around 3-3.5 eV.

[0008] Electroluminescent layer 3 may consist of the elec-
troluminescent material alone or may comprise the electrolu-
minescent material in combination with one or more further
materials. In particular, the electroluminescent material may
be blended with hole and/or electron transporting materials as
disclosed in, for example, WO 99/48160, or may comprise a
luminescent dopant in a semiconducting host matrix. Alter-
natively, the electroluminescent material may be covalently
bound to a charge transporting material and/or host material.
[0009] Electroluminescent layer 3 may be patterned or
unpatterned. A device comprising an unpatterned layer may
be used an illumination source, for example. A device com-
prising a patterned layer may be, for example, an active
matrix display or a passive matrix display. In the case of an
active matrix display, a patterned electroluminescent layer is
typically used in combination with a patterned anode layer
and an unpatterned cathode. In the case of a passive matrix
display, the anode layer is formed of parallel stripes of anode
material, and parallel stripes of electroluminescent material
and cathode material arranged perpendicular to the anode
material wherein the stripes of electroluminescent material
and cathode material are typically separated by stripes of
insulating material (“cathode separators”) formed by photo-
lithography.
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[0010] Suitable electroluminescent dendrimers for use in
layer 3 include electroluminescent metal complexes bearing
dendrimeric groups as disclosed in, for example, WO
02/066552.

[0011] Cathode 4 is selected from materials that have a
workfunction allowing injection of electrons into the elec-
troluminescent layer. Other factors influence the selection of
the cathode such as the possibility of adverse interactions
between the cathode and the electroluminescent material. The
cathode may consist of a single material such as a layer of
aluminium. Alternatively, it may comprise a plurality of met-
als, for example a bilayer of a low workfunction material and
a high workfunction material such as calcium and aluminium
as disclosed in WO 98/10621; elemental barium as disclosed
in WO 98/57381, Appl. Phys. Lett. 2002, 81(4), 634 and WO
02/84759; or a thin layer of metal compound, in particular an
oxide or fluoride of an alkali or alkali earth metal, to assist
electron injection, for example lithium fluoride as disclosed
in WO 00/48258 or barium fluoride as disclosed in Appl.
Phys. Lett. 2001, 79(5), 2001. In order to provide efficient
injection of electrons into the device, the cathode preferably
has a workfunction of less than 3.5 eV, more preferably less
than 3.2 eV, most preferably less than 3 eV.

[0012] The cathode may be opaque or transparent. Trans-
parent cathodes are particularly advantageous for active
matrix devices because emission through a transparent anode
in such devices is at least partially blocked by drive circuitry
located underneath the emissive pixels. A transparent cathode
will comprises a layer of an electron injecting material that is
sufficiently thin to be transparent. Typically, the lateral con-
ductivity of this layer will be low as a result of its thinness. In
this case, the layer of electron injecting material is used in
combination with a thicker layer of transparent conducting
material such as indium tin oxide.

[0013] It will be appreciated that a transparent cathode
device need not have a transparent anode (unless, of course, a
fully transparent device is desired), and so the transparent
anode used for bottom-emitting devices may be replaced or
supplemented with a layer of reflective material such as a
layer of aluminium. Examples of transparent cathode devices
are disclosed in, for example, GB 2348316.

[0014] Optical devices tend to be sensitive to moisture and
oxygen. Accordingly, the substrate preferably has good bar-
rier properties for prevention of ingress of moisture and oxy-
gen into the device. The substrate is commonly glass, how-
ever alternative substrates may be used, in particular where
flexibility of the device is desirable. For example, the sub-
strate may comprise a plastic as in U.S. Pat. No. 6,268,695
which discloses a substrate of alternating plastic and barrier
layers or a laminate of thin glass and plastic as disclosed in EP
0949850.

[0015] The device is preferably encapsulated with an
encapsulant (not shown) to prevent ingress of moisture and
oxygen. Suitable encapsulants include a sheet of glass, films
having suitable barrier properties such as alternating stacks of
polymer and dielectric as disclosed in, for example, WO
01/81649 or an airtight container as disclosed in, for example,
WO 01/19142. A getter material for absorption of any atmo-
spheric moisture and/or oxygen that may permeate through
the substrate or encapsulant may be disposed between the
substrate and the encapsulant.

[0016] The embodiment of FIG. 1 illustrates a device
wherein the device is formed by firstly forming an anode on a
substrate followed by deposition of an electroluminescent
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layer and a cathode, however it will be appreciated that the
device of the invention could also be formed by firstly form-
ing a cathode on a substrate followed by deposition of an
electroluminescent layer and an anode.

[0017] Suitable electroluminescent and/or charge trans-
porting polymers include poly(arylene vinylenes) such as
poly(p-phenylene vinylenes) and polyarylenes.

[0018] Polymers preferably comprise a first repeat unit
selected from arylene repeat units as disclosed in, for
example, Adv. Mater. 2000 12(23) 1737-1750 and references
therein. Exemplary first repeat units include: 1,4-phenylene
repeat units as disclosed in J. Appl. Phys. 1996, 79, 934;
fluorene repeat units as disclosed in EP 0842208; indenofluo-
rene repeat units as disclosed in, for example, Macromol-
ecules 2000, 33(6), 2016-2020; and spirofluorene repeat units
as disclosed in, for example EP 0707020. Each of these repeat
units is optionally substituted. Examples of substituents
include solubilising groups such as C, _,, alkyl or alkoxy;
electron withdrawing groups such as fluorine, nitro or cyano;
and substituents for increasing glass transition temperature
(Tg) of the polymer.

[0019] Particularly preferred polymers comprise option-
ally substituted, 2,7-linked fluorenes, most preferably repeat
units of formula VIII:

L)

R! R?

(VIID)

[0020] wherein R and R? are independently selected from
hydrogen or optionally substituted alkyl, alkoxy, aryl, aryla-
Ikyl, heteroaryl and heteroarylalkyl. More preferably, at least
one of R' and R? comprises an optionally substituted C,-C,,
alkyl or aryl group.

[0021] A polymer comprising the first repeat unit may pro-
vide one or more of the functions of hole transport, electron
transport and emission depending on which layer of the
device it is used in and the nature of co-repeat units.

[0022] In particular:

[0023] ahomopolymer of the first repeat unit, such as a
homopolymer of 9,9-dialkylfluoren-2,7-diyl, may be
utilised to provide electron transport.

[0024] a copolymer comprising a first repeat unit and a
triarylamine repeat unit, in particular a repeat unit of
formula (IX):

_MITT_M
R? s

[0025] wherein Ar' and Ar? are optionally substituted aryl
or heteroaryl groups, n is greater than or equal to 1, preferably
1 or 2, and R is H or a substituent, preferably a substituent. R
is preferably alkyl or aryl or heteroaryl, most preferably aryl
or heteroaryl. Any of the aryl or heteroaryl groups in the unit
of formula 1 may be substituted. Preferred substituents
include alkyl and alkoxy groups. Any of the aryl or heteroaryl

)
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groups in the repeat unit of Formula 1 may be be linked by a
direct bond or a divalent linking atom or group. Preferred
divalent linking atoms and groups include O, S; substituted N;
and substituted C.

[0026] Particularly preferred units satisfying Formula (IX)
include units of Formulae 1-3:

—A{I /A.rl—
N—AZ—N
AP AP
2
—Arl Arl
\N/
L
3
AI] Arl—
\N/
L
N
AR Sas

[0027] wherein Ar' and Ar? are as defined above; and Ar” is
optionally substituted aryl or heteroaryl. Where present, pre-
ferred substituents for Ar® include alkyl and alkoxy groups.
[0028] a copolymer comprising a first repeat unit and
heteroarylene repeat unit may be utilised for charge
transport or emission. Preferred heteroarylene repeat
units are selected from formulae 7-21:

10
Ph Ph
>/ \<
N N
/' \ 7\
S S
11
Ph Ph
>/ \<
N N
7\ /\
o} o
12
Ph Ph

CsHy7 CsHy7 CsHy7 CsHy7
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-continued
N/ \N
\/
N/ \N
N/

7\ /' \
o) N/ \N 0
N/

/ \ /' \
S N/ \N S
N/

7\ 7\
S N/ \N S
N/

7\ 7\
S N/ \N S
N/

7\ 7/ \
N/ \N
\ ¢/

[0029] wherein R, and R, are the same or different and are
each independently hydrogen or a substituent group, prefer-
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ably alkyl, aryl, perfluoroalkyl, thioalkyl, cyano, alkoxy, het-
eroaryl, alkylaryl or arylalkyl. For ease of manufacture, R
and R, are preferably the same. More preferably, they are the
same and are each a phenyl group.

[0030] Electroluminescent copolymers may comprise an
electroluminescent region and at least one of a hole transport-
ing region and an electron transporting region as disclosed in,
for example, WO 00/55927 and U.S. Pat. No. 6,353,083. If
only one of a hole transporting region and electron transport-
ing region is provided then the electroluminescent region may
also provide the other of hole transport and electron transport
functionality.

[0031] The different regions within such a polymer may be
provided along the polymer backbone, as per U.S. Pat. No.
6,353,083, or as groups pendant from the polymer backbone
as per WO 01/62869.

[0032] Preferred methods for preparation of these polymers
are Suzuki polymerisation as described in, for example, WO
00/53656 and Yamamoto polymerisation as described in, for
example, T. Yamamoto, “Electrically Conducting And Ther-
mally Stable—Conjugated Poly(arylene)s Prepared by Orga-
nometallic Processes”, Progress in Polymer Science 1993,
17, 1153-1205. These polymerisation techniques both oper-
ate via a “metal insertion” wherein the metal atom of a metal
complex catalyst is inserted between an aryl group and a
leaving group of a monomer. In the case of Yamamoto poly-
merisation, a nickel complex catalyst is used; in the case of
Suzuki polymerisation, a palladium complex catalyst is used.
[0033] Forexample, in the synthesis of a linear polymer by
Yamamoto polymerisation, a monomer having two reactive
halogen groups is used. Similarly, according to the method of
Suzuki polymerisation, at least one reactive group is a boron
derivative group such as a boronic acid or boronic ester and
the other reactive group is a halogen. Preferred halogens are
chlorine, bromine and iodine, most preferably bromine.
[0034] It will therefore be appreciated that repeat units and
end groups comprising aryl groups as illustrated throughout
this application may be derived from a monomer carrying a
suitable leaving group.

[0035] Suzuki polymerisation may be used to prepare
regioregular, block and random copolymers. In particular,
homopolymers or random copolymers may be prepared when
one reactive group is a halogen and the other reactive group is
aboron derivative group. Alternatively, block or regioregular,
in particular AB, copolymers may be prepared when both
reactive groups of a first monomer are boron and both reactive
groups of a second monomer are halogen.

[0036] As alternatives to halides, other leaving groups
capable of participating in metal insertion include groups
include tosylate, mesylate and triflate.

[0037] A single polymer or a plurality of polymers may be
deposited from solution to form layer 5. Suitable solvents for
polyarylenes, in particular polyfluorenes, include mono- or
poly-alkylbenzenes such as toluene and xylene. Particularly
preferred solution deposition techniques are spin-coating and
inkjet printing.

[0038] Spin-coating is particularly suitable for devices
wherein patterning of the electroluminescent material is
unnecessary—for example for lighting applications or simple
monochrome segmented displays.

[0039] Inkjet printing is particularly suitable for high infor-
mation content displays, in particular full colour displays.
Inkjet printing of OLEDs is described in, for example, EP
0880303.
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[0040] Other solution deposition techniques include dip-
coating, roll printing and screen printing.

[0041] If multiple layers of the device are formed by solu-
tion processing then the skilled person will be aware of tech-
niques to prevent intermixing of adjacent layers, for example
by crosslinking of one layer before deposition of a subsequent
layer or selection of materials for adjacent layers such that the
material from which the first of these layers is formed is not
soluble in the solvent used to deposit the second layer.
[0042] By “red electroluminescent material” is meant an
organic material that by electroluminescence emits radiation
having a wavelength in the range of 600-750 nm, preferably
600-700 nm, more preferably 610-650 nm and most prefer-
ably having an emission peak around 650-660 nm.

[0043] By “green electroluminescent material” is meant an
organic material that by electroluminescence emits radiation
having a wavelength in the range of 500-580 nm, preferably
510-550 nm.

[0044] By “blue electroluminescent material” is meant an
organic material that by electroluminescence emits radiation
having a wavelength in the range of 400-500 nm, more pref-
erably 430-500 nm.

[0045] Numerous hosts are described in the prior art includ-
ing “small molecule” hosts such as 4,4'-bis(carbazol-9-yl)
biphenyl), known as CBP, and (4,4',4"-tris(carbazol-9-yl)
triphenylamine), known as TCTA, disclosed in Ikai et al.,
Appl. Phys. Lett., 79 no. 2,2001, 156; and triarylamines such
as tris-4-(N-3-methylphenyl-N-phenyl)phenylamine, known
as MTDATA. Polymers are also known as hosts, in particular
homopolymers such as poly(vinyl carbazole) disclosed in, for
example, Appl. Phys. Lett. 2000, 77(15), 2280; polyfluorenes
in Synth. Met. 2001, 116,379, Phys. Rev. B2001, 63, 235206
and Appl. Phys. Lett. 2003, 82(7), 1006; poly[4-(N-4-vinyl-
benzyloxyethyl,N-methylamino)-N-(2,5-di-tertbutylphenyl-
napthalimide] in Adv. Mater. 1999, 11(4), 285; and poly
(para-phenylenes) in J. Mater, Chem. 2003, 13, 50-55.
Copolymers are also known as hosts.

[0046] Preferred metal complexes comprise optionally
substituted complexes of formula (V):

ML'1% L% )

[0047] wherein M is a metal; each of L*, L? and L? is a
coordinating group; q is an integer; r and s are each indepen-
dently O or an integer; and the sum of (a-q)+(b-r)+(c's) is equal
to the number of coordination sites available on M, wherein a
is the number of coordination sites on L', b is the number of
coordination sites on L. and ¢ is the number of coordination
sites on L2,

[0048] Heavy elements M induce strong spin-orbit cou-
pling to allow rapid intersystem crossing and emission from
triplet or higher states (phosphorescence). Suitable heavy
metals M include:

[0049] lanthanide metals such as cerium, samarium,
europium, terbium, dysprosium, thulium, erbium and neody-
mium; and

[0050] d-block metals, in particular those in rows 2 and 3
i.e. elements 39 to 48 and 72 to 80, in particular ruthenium,
rhodium, palladium, rhenium, osmium, iridium, platinum
and gold.

[0051] Suitable coordinating groups for the f-block metals
include oxygen or nitrogen donor systems such as carboxylic
acids, 1,3-diketonates, hydroxy carboxylic acids, Schiff
bases including acyl phenols and iminoacyl groups. As is
known, luminescent lanthanide metal complexes require sen-
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sitizing group(s) which have the triplet excited energy level
higher than the first excited state of the metal ion. Emission is
from an f-f transition of the metal and so the emission colour
is determined by the choice of the metal. The sharp emission
is generally narrow, resulting in a pure colour emission useful
for display applications.

[0052] The d-block metals are particularly suitable for
emission from triplet excited states. These metals form orga-
nometallic complexes with carbon or nitrogen donors such as
porphyrin or bidentate ligands of formula (VI):

(VD
A AP

X! y!

[0053] wherein Ar* and Ar’ may be the same or different
and are independently selected from optionally substituted
aryl or heteroaryl; X' and'Y' may be the same or different and
are independently selected from carbon or nitrogen; and Ar*
and Ar’' may be fused together. Ligands wherein X" is carbon
and Y' is nitrogen are particularly preferred.

[0054] Examples of bidentate ligands are illustrated below:

N— S

\_/

7\

[0055] Each of Ar* and Ar’ may carry one or more sub-
stituents. Two or more of these substituents may be linked to
form a ring, for example an aromatic ring. Particularly pre-
ferred substituents include fluorine or trifluoromethyl which
may be used to blue-shift the emission of the complex as
disclosed in WO 02/45466, WO 02/44189, US 2002-117662
and US 2002-182441; alky] or alkoxy groups as disclosed in
JP 2002-324679; carbazole which may be used to assist hole
transport to the complex when used as an emissive material as
disclosed in WO 02/81448; bromine, chlorine or iodine
which can serve to functionalise the ligand for attachment of
further groups as disclosed in WO 02/68435 and EP 1245659,
and dendrons which may be used to obtain or enhance solu-
tion processability of the metal complex as disclosed in WO
02/66552.
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[0056] Other ligands suitable for use with d-block elements
include diketonates, in particular acetylacetonate (acac); tri-
arylphosphines and pyridine, each of which may be substi-
tuted.

[0057] Main group metal complexes show ligand based, or
charge transfer emission. For these complexes, the emission
colour is determined by the choice of ligand as well as the
metal.

[0058] The host material and metal complex may be com-
bined in the form of a physical blend. Alternatively, the metal
complex may be chemically bound to the host material. In the
case of a polymeric host, the metal complex may be chemi-
cally bound as a substituent attached to the polymer back-
bone, incorporated as a repeat unit in the polymer backbone
or provided as an end-group of the polymer as disclosed in,
for example, EP 1245659, WO 02/31896, WO 03/18653 and
WO 03/22908.

[0059] A wide range of fluorescent low molecular weight
metal complexes are known and have been demonstrated in
organic light emitting devices [see, e.g., Macromol. Sym. 125
(1997) 1-48,U.S. Pat. No. 5,150,006, U.S. Pat. No. 6,083,634
and U.S. Pat. No. 5,432,014]. Suitable ligands for di or triva-
lent metals include: oxinoids, e.g. with oxygen-nitrogen or
oxygen-oxygen donating atoms, generally a ring nitrogen
atom with a substituent oxygen atom, or a substituent nitro-
gen atom or oxygen atom with a substituent oxygen atom
such as 8-hydroxyquinolate and hydroxyquinoxalinol-10-hy-
droxybenzo(h)quinolinato (II), benzazoles (I1I), schiff bases,
azoindoles, chromone derivatives, 3-hydroxyflavone, and
carboxylic acids such as salicylato amino carboxylates and
ester carboxylates. Optional substituents include halogen,
alkyl, alkoxy, haloalkyl, cyano, amino, amido, sulfonyl, car-
bonyl, aryl or heteroaryl on the (hetero) aromatic rings which
may modify the emission colour.

[0060] When producing an optical device such as a display
unit, it is clearly desirable to provide a colour display. This is
usually achieved by providing an electroluminescent layer
which comprises chemical structures that emit in the blue,
green and red spectra. It is noteworthy, however, that not all
users wish to use the same tones of blue, green and red. Thus,
developers need to provide a range of emissive structures,
each capable of emitting light at different wavelengths such
that the requirements of the users can be met.

[0061] Inthe prior art, it is typically necessary to carefully
investigate the effect of various substituent groups and their
position on an emissive structure to make small changes to the
emission wavelength. Such activity can be time consuming
and expensive. Furthermore, as the emissive structures for
blue, green and red are typically very different, it is necessary
to perform such investigations three times.

[0062] It is therefore particularly desirable to create an
electroluminescent material for an optical device in which the
emission wavelength may be altered simply and across a wide
range of wavelengths.

[0063] Phenoxazine, having the chemical structure:

ZT
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[0064] is a blue emitter when incorporated into a polyfluo-
rene backbone, emitting light at a wavelength of around 450
nm. Phenoxazine on its own, that is without incorporation
into a conjugated polymer, does not emit in the visible spec-
trum (it is believed to emit in the UV range). The inventors
have discovered that by fusing aryl systems to the side rings of
phenoxazine and its derivatives surprisingly results in an
increase in luminescent efficiency.

[0065] Accordingly, in a first aspect the present invention
relates to an electroluminescent compound comprising the
structure

SeC

[0066] Where X is selected from a group consisting of NR,
0, S, SO, SO,, CR,, PR, POR, BR, SiR,;

[0067] where R is a substituent group and Ar' and Ar?
comprise aromatic rings; and wherein Ar' or Ar” is fused to a
further aryl system Ar°.

[0068] Wherein Ar' or Ar® is fused to a further aryl system
Ar®

[0069] By fusing the above structure, the present inventors
have found that the efficiency of the structure is improved as
compared to the unfused structure. Moreover, fusing shifts
the colour of emission of the small molecule from the UV
range into the visible blue range, thus making it useful as an
electroluminescent material. As such, compounds of the
present invention may be used as blue or, if sufficiently con-
jugated, green electroluminescent materials. Moreover, said
green or blue electroluminescent materials may be used as
components of a white-emitting composition such as a blend
ofred, green and blue electroluminescent materials or a poly-
mer comprising red, green and blue electroluminescent
regions.

[0070] Incertain embodiments, the other of Ar, and Ar? is
fused to a second further optionally substituted aryl system
Art.
[0071]
[0072] Preferably, R is selected from the group consisting
of alkyl, alkoxy or aryl.

[0073] Ar,, Ar, may be the same or different. In some
embodiments, Ar® and Ar* comprise the same aryl system. In
others they comprise different aryl systems.

Preferably, Ar' and/or Ar* comprise phenyl groups.

[0074] Preferably, Ar® and/or Ar?, if present, comprise the
structure:

Y.
[0075] WhereY is selected from the group consisting of

NR, O, 8, SO, SO,, CR,, PR, POR, BR, SiR,.
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[0076] Alternatively, Ar® and/or Ar*, if present, may com-
prise the structure:

N
R

[0077] Alternatively, Ar’ and/or Ar®, if present, may com-
prise the structure

[0078] Alternatively, Ar’ and/or Ar®, if present, may com-
prise the structure

[0079] In certain embodiments, Ar® or, if present, Ar* may
be fused and further conjugated to a third further aryl system
Ar°. Furthermore, the other of Ar® and Ar* may be fused and
conjugated to a fourth further aryl system Ar®.

[0080] Preferably, Ar’ and/or Ar®, if present, may comprise
the structure:

[0081] Alternatively, Ar® and/or Ar®, if present, may com-
prise the structure:

Y.

=7,
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[0082] In further embodiments, Ar' may comprise the
structure:
Y.
\ or / N
A
N
[0083] In a second aspect, the invention relates to a blue

emitting electroluminescent compound as described above.
[0084] Ina third aspect of the invention, there is provided a
monomer comprising an electroluminescent compound as
described above, wherein at least one of the aryl systems is
substituted with one or more reactive groups Z.

[0085] Preferably, the one or all of the reactive groups
comprise a halide, boronic ester or a boronic acid group.
[0086] In a fourth aspect, the invention relates to an elec-
troluminescent polymer comprising a copolymer of a mono-
mer as described above and a second monomer having a
structure:

[0087] Preferably, the electroluminescent polymer com-
prises up to 20 mol % of a monomer as described above, more
preferably less than or equal to to 10 mol % and most prefer-
ably less than or equal to 5 mol %.

[0088] In a further aspect, the invention relates to a blue
emitting electroluminescent polymer as described above.
[0089] In a yet further aspect of the invention, there is
provided an optical device comprising a first electrode for
injection of positive charge carriers, a second electrode for
injection of negative charge carriers and a layer located
between the first and second electrode comprising an elec-
troluminescent compound as described herein.

[0090] Ina further aspect of the invention, there is provided
a method of tuning the emission wavelength of an electrolu-
minescent compound comprising the structure:

X

CL B

N
R

[0091] where X is selected from a group consisting of NR,
0, S, SO, SO,, CR,, PR, POR, BR, SiR,, and wherein the
method comprises fusing one or more further aryl systems to
one or both of Ar* and Ar?.
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7
[0092] In a further aspect, the invention relates to an elec- [0094] Inorder that the invention may be better understood,
troluminescent material comprising the structure: it is described below with reference to the accompanying
drawings.
x [0095] FIG. 1 shows a schematic diagram of an optical
device.
[
N
R EXAMPLE 1
[0093] wherein the emission wavelength of the material has
been tuned by the fusing of one or more aryl systems to one or [0096] A photoemissive compound, Compound 1 was syn-
both of Ar* and Ar*. thesised in the laboratory using the method described below.

Br O Br
O\ /O
D/ TN
N O/ [@]

PdCl(dppf) CH,CL,, dppf,

KOAc, dioxane
C4Hy
CO,R
(0] o}
o— B lo) B ~G 2.2 eq Br
0.02 eq PdCL,(PPhs),
N 2 eq K>CO3
THE/H,O
CyHy
CO:R COR
N 1. 4 eq Hexphenyl Li
_— =
2. BF3 Et20
C4Hy

Compound A
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-continued

oA A

CeHiz G CeHiz
4Ho

Compound 1

[0097] Theboronate ester was synthesised via Pd-catalysed
Suzuki coupling of the starting compound with bis(pinacola-
to)diboron (T. Ishiyama, M. Murata, N. Miyaura, J. Org.
Chem. 1995, 60, 7508-7510; A. Giroux, Tetrahedron Lett.
2003, 44, 233-235). Pd-catalysed coupling of the boronate
ester with methyl 2-bromobenzoate gave the dicarboxylic
acid (F. Schindler, J. Jacob, A. C. Grimsdale, U. Scherf, K.
Miillen, J. M. Lupton, J. Feldmann, Angew. Chem. Int. Ed.
2005, 44,1520-1525). A solution of the dicarboxylic acid was
slowly added to a solution of 4-hexylphenyl lithium (lithia-
tion of 4-hexylphenylbromide and n-butyl lithium in anhy-
drous THF) at —-75° C. After warming to RT and standard
work-up, the alcohol was isolated as oil and purified by col-
umn chromatography (toluene/hexane 1:1). Reaction with 30

oS
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eq borontrifluoride etherate in anhydrous dichloromethane,
followed by standard work-up and column chromatography
(toluene/hexane 1:1) gave Compound 1 as pale yellow oil.
The structure was confirmed by NMR and LCMS.

[0098] The identity and purity of Compound 1 were con-
firmed by one dimensional proton nuclear magnetic reso-
nance (NMR) and Correlation Spectroscopy (COSY) and
Liquid Chromatography/Mass Spectrometry (LCMS).

EXAMPLE 2

[0099] A second reaction scheme was used to produce a
photo emissive monomer, Monomer 1, for inclusion in a
polymer backbone.

Br. O Br
O\ /O
N O/ \O

CoH,

O

o—B 0 By
: :N: :

PdCly(dppf) CH,Cl, dppf,
KOAc, dioxane

CO,Me
O
3eq Br I

2.1 eq Ag2CO3
10% Pd(PPh3)4
THF

C4Hy
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