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HEPTAAZAPHENALENE DERIVATIVES AND USE
THEREOF IN ORGANIC ELECTROLUMINESCENT DEVICE

FIELD OF THE INVENTION AND RELATED ART

The present invention relates to organic electroluminescent devices, which are
sometimes otherwise referred to as organic light emitting diodes (OLED). Organic
electroluminescent devices emit light on the application of an electric field to one layer
or multiple layers of an organic compound (organic material layer). The present

invention also relates to organic compounds suitable for use in such devices.

An organic electroluminescent device is generally comprised of a pair of electrodes
forming an anode and a cathode, and one layer or multiple layers comprising a hole
injection layer, emission layer (with either fluorescent or phosphorescent mat'erial) and
electron transporting layer. Into the organic layer(s), holes and electrons are injected
from the anode and the cathode, respectively, thus resulting in excitons within the
emission material. When the excitons transition to ground state, the organic

luminescence device emits light.

According to the first study by Eastman Kodak Co. (“Appl. Phys. Lett”, vol. 51, pp. 913
(1987), an organic electroluminescent device which comprised a layer of an aluminium
quinolinol complex (as electron transporting and luminescent material) and a layer of a
triphenylamine derivative (as a hole transporting material) resulted in luminescence of
about 1,000 cd/m’* under an application of a voltage of 10 V. Examples of related U. S.
Patents include U. S. Pat. Nos. 4,539,507; 4,720,432 and 4,885,211.

Further studies by Baldo et al. revealed a promising OLED using phosphorescent
material as dopant. The quantum yield of the phosphorescent OLED was significantly
improved (U. S. Pat. No. 6,830,828). |

In addition to the above-mentioned OLED, polymer organic electroluminescent device

(PLED) using a conjugated polymer material has been reported by a group from
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Cambridge University (Nature, vol. 347, pp. 539- (1990), U. S. Pat. Nos. 5,247,190;
5,514,878 and 5,672,678).

PLED has an advantage in terms of device fabrication as a printing methodolo gy may

be adopted for soluble polymer materials.

Although in the past twenty years OLED and PLED have shown significant progress in

their performance, there still remain problems that need to be solved.

For instance, organic electroluminescent devices described above still show insufficient
performance in terms of durability when used for a long time. The performance of
organic electroluminescent devices can be further improved by studying new materials
such as hole injection materials, hole transporting materials, host materials, emission
materials and some others. Additionally, improvement of the device fabrication process

is required.

An important consideration to improving organic electroluminescent device
performance is to further decrease the driving current within the device in order to
enhance device lifetimes. For example, some materials that address this concern have
been proposed (US 6,436,559, JP 3571977, JP 3614405). Despite these ad'vances in
organic electroluminescent devices using such materials, further improvements

regarding stability and the performance are still required.
SUMMARY OF THE INVENTION

A present invention provides improvements to the problems encountered in organic

electroluminescent devices as mentioned above, or provides a useful alternative.

Specific embodiments may provide an organic electroluminescent device with high

efficiency and longer life time.
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Specific embodiments may also provide a stable device which has reduced current

leakage at low current range.

According to the present invention, there is provided organic electroluminescent device
comprising:

- a pair of electrodes comprising an anode and a cathode, and

- one or more layers of organic compound arranged between the pair of electrodes,
wherein the organic compound layer, or one or more of the organic compound layers,

comprises a compound represented by the following formula (1):

Ra

.
PN
ASASA

wherein:

R, is selected from NR;R;, CR;RgRg, Ar;¢ and cyano;

Ry is selected from NR3R4, CR1gR 1R}z, Ary7 and cyano;

R, is selected from NR;sRgs, CR 3R 14R 5, Aryg and cyano;

R, to R, which may be the same or different, are each independently selected from the
group consisting of: substituted or unsubstituted aryl group, substituted or unsubstituted
heterocyclic group, substituted or unsubstituted alkyl group and cyano, or each pair of
substituents R; and Ry, R3 and R4 and/or Rs and R¢ may together form a sﬁbétituted or
unsubstituted heterocyclic group incorporating the attached nitrogen atom, 'and wherein
one or more of R) to R¢ may comprise a substituent containing a monomer or polymer
chain;

R; to R;5 which may be the same or different, are each independently selected from the

group consisting of hydrogen atom, halogen atom, nitro group, ketone group, amide

group, cyano group, carboxylate group, sulfonate group, substituted or unsubstituted
aryl group, substituted or unsubstituted alkyl group and substituted or unsubstituted
heterocyclic group, or pairs of substituents R; and Rg, Rjg and R}, and/or R;3 and R4

may together form a substituted or unsubstituted cyclic group, in which case each of Ro,
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Ri2 and R;s is as defined previously or is absent; and in which any substituent on any of
groups R; to Rys may contain a monomer or polymer chain; and
Arj6 to Arg are each selected from substituted and unsubstituted aryl groups, in which

the substituent may contain a monomer or polymer chain.

By using the organic compound as represented by formula (1) shown above in the
organic electroluminescent device, the device can be driven with a low voltage and can

have a long durability with high luminescence.

In some embodiments, the organic compound as represented by formula (1) can be used
as either a hole injection layer or as a dopant in a hole transporting layer, or may be

doped with a dopant to function as a hole transporting layer.
Furthermore, the layer or layers comprising the organic compound shown by formula
(1) can be prepared by a variety of techniques including but not limited to vacuum

deposition process, wet coating process and casting process.

The present invention also provides novel compounds within the range represented by

formula (1):
Ra
N)\|N
N)\N)\lN
)% NS )\
R¢ N N Ro
1
wherein:

R, is selected from NR R, CR7RgRy, Arj¢ and cyano;

Ry, is selected from NR3R4; CRyoR11R 2, Ar7 and cyano;

R. is selected from NRsRs, CR13R 4R 5, Ar) and cyano;

R; to Rs, which may be the same or different, are each independently selected from thé
group consisting of: substituted or unsubstituted aryl group, substituted or unsubstituted

heterocyclic group, substituted or unsubstituted alkyl group and cyano, or each pair of
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substituents R; and R,, R; and R4 and/or Rs and Rs may together form a substituted or
unsubstituted heterocyclic group incorporating the attached nitrogen atom, and wherein
one or more of R; to R¢ may comprise a substituent containing a monomer or polymer
chain;

R7 to Ry5 which may be the same or different, are each independently selected from the
group consisting of hydrogen atom, halogen atom, nitro group, ketone group, amide
group, cyano group, carboxylate group, sulfonate group, substituted or unsubstituted -
aryl group, substituted or unsubstituted alkyl group and substituted or unsﬁbstituted
heterocyclic group, or pairs of substituents R; and Rg, Rj¢ and Ry, and/or R13 and R4
may together form a substituted or unsubstituted cyclic group, in which case each of Ry,
Ri2 and R;s is as defined previously or is absent; and in which any substituent on any of
groups Ry to R;s may contain a monomer or polymer chain; and

Arj¢ to Aryg are each selected from substituted and unsubstituted aryl groups, in which

the substituent may contain a monomer or polymer chain.

The present invention also provides novel compounds within the range represented by

formula (1a):

wherein:

R; to Rg, which may be the same or different, are each independently selected from the
group consisting of substituted or unsubstituted aryl groups, substituted or unsubstituted
heterocyclic groups, substituted or unsubstituted alkyl groups, and cyano, or each pair
of substituents R; and Ry, R3 and R4 and/or Rs and Rg may together form a substituted
or unsubstituted heterocyclic group incorporating the attached nitrogen atom, and
wherein one or more of R; to R¢ may comprise a substituent containing a monomer or

polymer chain.
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formula (1b):

1b
wherein:
R;7 to Rys which may be the same or different, are each independently selected from the
group consisting of hydrogen atom, halogen atom, nitro group, ketone group, amide
group, cyano group, carboxylate group, sulfonate group, substituted or unsubstituted
aryl group, substituted or unsubstituted alkyl group and substituted or unsubstituted
heterocyclic group, or pairs of substituents R; and Rg, Ry and R;; and/or Rj3 and R4
may together form a substituted or unsubstituted cyclic group, in which case each of Ry,
Rj2 and R;s is as defined previously or is absent; and in which any substituent on any of

groups R; to Rs may contain a monomer or polymer chain.

The present invention also provides novel compounds within the range represented by

formula (1c):

Arj6 to Arys are each selected from substituted and unsubstituted aryl groups, in which

the substituent may contain a monomer or polymer chain.

The present invention also provides the use of a compound of formula (1) in an organic

electroluminescent device.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic illustration of the basic structure of an organic

electroluminescent device according to a first embodiment of the invention.

Figure 2 is a schematic illustration of the basic structure of an organic

electroluminescent device according to a second embodiment of the invention.

Figure 3 is a schematic illustration of the basic structure of an organic

electroluminescent device according to a third embodiment of the invention.

Figure 4 is a schematic illustration of the basic structure of an organic

electroluminescent device according to a fourth embodiment of the invention.

Figure 5 is a graph of voltage versus current density for compounds 2 and 5, and shows

a characteristic of hole injection-ability for compounds 2 and 5.

Figure 6 is a graph showing power efficiency comparison data between compound 2 of
the present invention and prior art compound hexacyanohexaazatriphenylene (HAT) at

low current.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The organic electroluminescent device according to the present invention is composed

of organic compounds layer(s) aligned between an anode and a cathode.

The organic layer(s) may be constituted by:

- a single layer doped with a compound of formula (1), or

- multiple layers of which at least one layer may be doped with a compound of formula
(1), or at least one layer is a layer comprised of a compound of formula (1) doped with

a separate dopant, or
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- multiple layers of which at least one layer may be comprised entirely of a compound

of formula (1).

The term “compound” is used in its broadest sense to refer to any chemical substance.of
formula (1), and includes polymers, monomers and the like. It will be understood that

some forms of the compound of formula (1) are polymer forms.

The compounds of formula (1) may be classified into three subgroups, all sharing the
same core ring structure. In the following we have described the features of each sub-
group, although the definitions and described embodiments also apply to the

compounds of general formula (1).

Formula (1a)

In formula (1a), one or more of R to Rg may be an aryl group, which may be
unsubstituted, or substituted by a suitable substituent. The term “aryl” is well
understood in the art of chemistry, and is used to refer to any aromatic substituent. The
aromatic substituent preferably contains one or more rings, such as from one to four
fused aromatic rings, and between 5 and 50 ring atoms. Aromatic substituents contain a
set of covalently-bound atoms with:

- a delocalized conjugated 7 system, most commonly an arrangement of alternating
single and double bonds, |

- a coplanar structure, with all the contributing atoms in the same plane,

- atoms of the system arranged in one or more rings, and

- an even number of 7 delocalized electrons, but not a multiple of 4 7 electrons (thus 4n

+ 2 7 electrons, where n=0 or a positive integer).

Any aromatic groups conforming to this rule are within the definition ofaryl. The aryl
group may be carbocyclic (i.e. contain carbon and hydrogen only) or may be '
heteroaromatic (i.e. contain carbon, hydrogen, and at least one heteroatom). The aryl
group may be monocyclic such as a phenyl, or a polycyclic aryl group such as naphthyl
or anthryl. Examples of aryl groups include a phenyl group, biphenyl group, terphenyi
group, naphthyl group, anthryl group, pyrenyl group, etc.
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In formula (1a), one or more of R; to R¢ may be an alkyl group, which may be
unsubstituted, or substituted by a suitable substituent. The alkyl group for the formula
(1a) may be a linear or branched alkyl group or cyclic alkyl group, comprising of
between (and including) 1 and 20 carbon atoms. Examples of linear alkyl groups
include methyl, propyl or decyl, and examples of branched alkyl groups include iso-
butyl, tert-butyl or 3-methyl-hexyl. Examples of cyclic alkyl groups include mono |
cyclohexyl and fused alkyl cyclic ring systems.

In formula (1a), one or more of R; to R¢ may be a cyano group.

In formula (1a), one or more of R; to R¢ may be a heterocyclic group, which may be
unsubstituted, or substituted by a suitable substituent. The term “heterocyclic”, and
similarly “heterocyclic group” or “heterocyclic ring” is well understood in the art of
chemistry, and is used to refer to any cyclic groups containing one or more rings, such
as between one and four rings, and between 5 to 50 (preferably 5 to 20) ring atoms, of
which at least one atom is a heteroatom. The heteroatoms may be selected from one or
more of O, N, S and Si. The heterocyclic group for the formula (1) may beasor6
membered heterocyclic ring comprising carbon atoms with one or more of any of the
following atoms: nitrogen, oxygen, sulphur and silicon, such as pyrrolyl, thienyl,
pyridyl or pyridazinyl. The heterocyclic group may comprise a single heterocyclic ring,
or more than one linked or fused rings, with at least one ring containing a heteroatom.
One subclass of heterocyclic groups are the heteroaromatic (or heteroaryl) groups,
which are aromatic groups containing one or more heteroatoms selected from one or
more of O, N and S. Such heteroaromatic groups also fall within the definition of aryl
group. Some specific examples for heterocyclic groups are pyrrole, triazole, imidazole,
pyrazole, 1,2,5-oxathiazole, isoxazole, oxazole, furan, pyran, pyrone, thiazole,
isothiazole, pyrrolidine, pyrroline, imidazolidine, pyrazolidine. Other examples include
moieties of benzimidazole, thiophene, benzothiophene, oxadiazoline, indoline,
carbazole, pyridine, quinoline, isoquinoline, benzoquinone, pyrazoline, imidazolidine,

piperidine, etc.
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According to some embodiments, each pair of substituents R, and R,, R; and R4, and/or
Rs and R may together form a substituted or unsubstituted heterocyclic group
incorporating the attached nitrogen atom. In other words, the segment of the compound
of formula (1a) represented by -NR;R; or -NR3R4 or -NRsR¢ may form a substituted or
unsubstituted heterocyclic group. The term heterocyclic group has been defined
previously. Examples of suitable groups for -NR|R; (or -NR;3R4 or -NR;sR¢) include a
pyrrolyl group(-(NC;H4)), 1-indolyl group, 1-pyrazolidinyl group, 9-carbaiole group or
10-phenothiazinyl group. The heterocyclic group may be monocyclic or polycyclic.
According to some embodiments, the heterocyclic group is polycyclic. An example of
a polycyclic heterocyclic group within this class is carbazole. Some groups within this
class, such as the carbazole group, may be considered to correspond to the situation
where R; and R, (or R3 and R4, or Rs and Rg) each comprise substituted or unsubstituted
aryl or heteroaryl groups, and the two groups R; and R; are connected to each other to
form a fused ring structure. In the case of carbazole, the groups R; and R; are aryl
groups (specifically phenyl groups) and are connected to each other through a direct
bond between two ring atoms to form a fused ring structure. The groups R; and R; (or
R3 and R4, or Rs and Re) could alternatively be connected to each other through any '

divalent linking group or fused ring structure.

In formula (1a), the aryl or alkyl or heterocyclic group may additionally have one or
more substituents selected from any suitable substituents known in the art. Suitable
substituents may be selected from the group consisting of: halogen atom, njtro group,
ketone group, amide group, cyano group, carboxylate group, sulfonate group, alkoxy
group, aryloxy group, amino group, alkylamino group, arylamino group, a monomer or
polymer chain and another aryl, alkyl or heterocyclic group, in which each of the aryl,
alkyl or hetercyclic groups may be further substituted by one or more further
substituents. Thus, the further substituents on the aryl, alkyl or heterocyclic group
substituents may be selected from one or more of a halogen atom, nitro group, ketone
group, amide group, cyano group, carboxylate group, sulfonate group, alkoxy group,

aryloxy group, amino group, alkylamino group and arylamino group.
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The substituents may be linked to the aryl, alkyl or heterocyclic group directly by one
atom or fused by more than one atom or via a heteroatom such as nitrogen, oxygen,
sulphur and silicon. In some cases the substituent may be linked by two or rhore points
of attachment, as in the case of a divalent alkyl group, or an ethylenedioxy‘ group (i.e.

-0-CH,CH,-0-).

The term “halogen” or halo refers to fluorine, chlorine, bromine, etc. Nitro refersto
—NO,. Ketone refers to compounds containing the group —C(=0)-alkyl or —~C(=0)-aryl,
where alkyl and aryl are as defined previously. Acetyl (-C(=0)-CHj3 is one specific

example.

The term amide refers to substituents containing the group —C(O)NR’R”, wherein R
and R” are selected from H, alkyl, aryl or alkyl-aryl groups, which have been defined
previously. The term “imide” refers to substituents containing the group —.
C(O)NR’C(O)R”, wherein R and R” are selected from H, alkyl, aryl or alkyl-aryl
groups. The term “imine” refers to substituents containing the group —C(=NR’)R”,
wherein R and R” are selected from H, alkyl, aryl or alkyl-aryl groups. The term
“amidine” refers to substituents containing the group ,
—C(=NR’)NR”R", wherein R’, R” and R" are selected from H, alkyl, aryl or alkyl-aryl

groups.

Cyano refers to -C=N. Hydroxyl refers to —OH. Carboxylate refers to the carboxylate
anion —CO;R’, and encompasses carboxylic acids, esters and salts thereof. Sulfonate -
group refers to sulfonic acids, esters and salts thereof. Alkoxy refers to the gfoup
—0-alkyl, where alkyl is as defined previously. Aryloxy refers to the group —O-aryl,

where aryl is as defined previously.

The term “amino” refers to the amino group -NH,. The term alkylamino refers to
secondary and tertiary alkylamino groups containing one or two alkyl groups on the
nitrogen atom. Examples of an “alkylamino group” include dimethylamino group,
diethylamino group, dihexylamino group, etc. The term arylamino refers to secondary

and tertiary arylamino groups containing one or two aryl groups on the nitrogen atom.
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Examples of an “arylamino group” include a diphenylamino group, ditolyiafnino group,
isopropyldiphenylamino group, t-butyldiphenylamino group, diisopropyldiphenylamino
group, di-t-butyldiphenylamino group, dinaphthylamino group, naphthylphenylamino

group, etc.

According to one class of compounds of formula (1a), the compound may contain a
monomer or polymer chain. The inclusion of monomer or polymer chains in the
compounds of formula (1) (including (1a), (1b) and (1c¢)) is described in further detail

below following discussion of the compounds of formulae (1b) and (1c¢).

Formula 1b

In formula (1b), one or more of R; to R;5s may be selected from the group consisting of:
a hydrogen atom, halogen atom, nitro group, ketone group, amide group, cyano group,
carboxylate group, sulfonate group, substituted or unsubstituted aryl group, substituted
or unsubstituted alkyl group and substituted or unsubstituted heterocyclic group. These
terms have been defined above in the context of Formula (1a), and those dgﬁnitions '

apply equally here.

The optional substituents on the alkyl, aryl and heterocyclic groups are the same as
those described above for formula (1a), and include halogen atom, nitro group, ketone
group, amide group, cyano group, carboxylate group, sulfonate group, alkoxy group, .
aryloxy group, amino group, alkylamino group, arylamino group, a monomer or
polymer chain and another aryl, alkyl or heterocyclic group, in which each of the aryl,
alkyl or hetercyclic groups may be further substituted by one or more further
substituents. Again, the further substituents on the aryl, alkyl or heterocyclic group
substituents may be selected from one or more of a halogen atom, nitro group, ketone
group, amide group, cyano group, carboxylate group, sulfonate group, alkoxy group, |

aryloxy group, amino group, alkylamino group and arylamino group.

The substituents may be linked to the aryl, alkyl or heterocyclic group directly by one

atom or fused by more than one atom or via a heteroatom. In some cases the substituent
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may be linked by two or more points of attachment, as in the case of a divalent alkyl

group, or an ethylenedioxy group (i.e. -O-CH>CH,-O-).

In another embodiment, pairs of substituents R; and Rg, R and R;; and/or R;; and Ry4
may together form a substituted or unsubstituted cyclic group, in which case each of Ry,
Rz and Ry;s is as defined previously or is absent; and in which any substituent on any of
groups Ry to R;s may contain a monomer or polymer chain. The term “cyelic group”v is
used in its broadest sense to refer to cyclic rings and linked or fused ring systems,
which may be carbocyclic or heterocyclic, and may be aliphatic, aromatic, saturated or
unsaturated. The ring may be carbocyclic groups (in which all of the ring atoms are
carbon atoms, such as cyclohexyl), heterocyclic groups (as described previously), and
aromatic or aryl groups (which may be carbon-based aromatic groups or heteroaromatic

groups). The cyclic group may contain a single ring, or up to 3 linked or fused rings.

According to one class of compounds of formula (1b), at least one of R7, Rg and Ry, at
least one of Ryo, Ry; and Ry, and at least one of R;3, Ri4 and Rys, is not a hydrogen

atom.

According to one class of compounds of formula (1b), the compound may contain a

monomer or polymer chain. This aspect is described in further detail below.
Formula (Ic)
In formula (1c), Arie to Arig are each selected from substituted and unsubstituted aryl

groups. The term “aryl” has been defined previously.

The aryl group may be substituted or unsubstituted. The substituents are as described

previously for aryl groups in the context of formulae (1a) and (1b).
Monomer or polymer chain substituents

According to one class of compounds of formula (1), (and similarly of formulae (1a) to

(1c)), the compound may contain a monomer or polymer chain. The compound
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represented as formula (1) may be connected to a monomer or polymer chain through at
least one of the groups of R; to R¢ (in the case of formula (1a)), or through at least one
of the groups R7 to R;s (in the case of formula (1b)), or through a substituent on one or

more of Arje to Arig (in the case of formula (1c¢)).

The monomer or polymer chain may be attached via any suitable divalent linking
group, which may be referred to as —Rj9—. Examples of divalent linking groups include
a direct bond, —O—, -NH—, —Nalkyl-, —Naryl—, —alkyl- (such as -(CH;)x—), —CO,—,
~CO-, —aryl—, —heteroaryl—, and combinations thereof. Combinations include, as
examples, —O-aryl-, -NH-aryl-, —Nalkyl-aryl-, -(CH3)x-aryl-. Thus, one of the

substituents on R; to R¢ may be — Rjg-monomer or — Rjg9-polymer.

The term “monomer” refers to any monomer unit that can be polymerised. Suitable
monomers include —CR=CHR;, , where Ry is hydrogen, alkyl, aryl or heteroaryl,
and Ry, is hydrogen, a halogen atom, nitro group, ketone group, acrylate group, amide
group, cyano group, carboxylate group, sulfonate group, an aryl, an alkyl or a
heterocyclic group, or Ry and R, together form a cyclic or heterocyclic group, which
may be substituted or substituted. Each of these substituents may be further substituted
by one or more further substituents selected from the range of possible substituents
identified previously. The point of attachment of the monomer to the remainder of the
compound may be via the carbon atom marked ‘C. In the case where Ry and Ry; form
a cyclic or heterocyclic group, the point of attachment may be via an atom in the cyclic
or heterocyclic group, and in this case, ‘C contains a further substitutent Ry; which is
selected from hydrogen, alkyl, aryl and heteroaryl. The monomer may be polymerised

subsequently to form a polymeric version of the compound of formula (1). |

The term “polymer” or “polymer chain” refers to any polymer or polymer segment.
Examples of the compounds of the present invention represented below containing
polymers/polymer segments illustrate some examples. Examples include —(‘CH- ‘
CH3)— and —(‘C R29-CH Ry))—,where Ry is selected from hydrogen, alkyl, aryl and
heteroaryl, and Ry is selected from hydrogen or any suitable substituent, such as a

halogen atom, nitro group, ketone group, acrylate group, amide group, cyano group,
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carboxylate group, sulfonate group, an aryl, an alkyl or a heterocyclic group, or Ry and
Ry, together form a cyclic or heterocyclic group, which may be substituted or
unsubstituted. When Ry and R, together form a cyclic or heterocyclic group, the
cyclic or heterocyclic group includes the attached carbon atoms. Each of these
substituents may be further substituted by one or more further substituents selected
from the range of possible substituents identified previously. The point of attachment
of the polymer or polymer segment may be via the carbon atom marked ‘C. In the case
where Ry and Ry form a cyclic or heterocyclic group, the point of attachment of the
polymer or polymer segment may be via an atom in the cyclic or heterocyclic group,
and in this case, ‘C contains a further substitutent R,; which is selected from hydrogen,
alkyl, aryl and heteroaryl. As described above, the polymer or polymer segment is

attached to the compound via any divalent linking group or combination of groups.

The term “heterocyclic group” in the context of monomers and polymers has the same
meaning provided for the term previously. The term “cyclic group” has also been

defined previously.

Compounds of formula (1) which contain a polymer chain substituent may be formed
through any suitable technique, such as RAFT polymerisation, or another form of living
polymerisation. RAFT and living polymerisation techniques are known in the field of
polymers, and details can be obtained from publications on RAFT and living '
polymerisation techniques. Also noted are patent applications filed in the name of the
present applicant in the field of RAFT polymerisation, the entirety of which
publications are incorporated by reference. Compounds of formula (1) cohtetining a
monomer unit can be polymerised through any suitable technique as described above to

form a polymeric form of the compound of formula (1).

Specific examples of the compound represented as formula (1) may include exa'mple‘
compounds No. (2) to (61) shown below but are, however, not restricted to those

compounds.
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As described above, the organic layer(s) may be constituted by:

- a single layer doped with a compound of formula (1), or '

- multiple layers of which at least one layér may be doped with a compound of formula
(1) or at least one layer is a layer comprised of a compound of formula (1) doped with a
separate dopant, or

- multiple layers of which at least one layer may be comprised entirely of a compound

of formula (1).

In the organic luminescence device of the present application, the organic compound
layer comprising the above-mentioned compound of the formula (1) may be formed
separately, or together, with the other layers (if any other layers are present) between |
the pair of electrodes (cathode and anode). Suitable formation techniques include

vacuum deposition or solution process.

The thickness of the organic compound layer may be preferably less than at most 10

pm, more preferably less than 0.5 um, even more preferably 0.001 - 0.5 pm.
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Specific embodiments of the invention will now be described in further detail with
reference to the accompanying figures, which illustrate a range of possible
arrangements for the device of the present invention. It will be understood that these
embodiments are provided by way of example only, and are not intended to limit the -

scope of the invention.

The electroluminescent device of embodiments of the present application may have a
single layer structure comprised of only compound as defined by formula (1) as shown
in Figure 1 or be a multiple layered structure of two or more layers as shown in Figures

2 and 3.

More specifically, Figure 1 is a schematic cross section of a first embodiment of the
organic electroluminescent device of the present invention. In Figure 1, the organic
electroluminescent device includes a substrate 1, an anode 2 (deposited on the substrate
1), an emission layer 3 (deposited on the anode 2) and a cathode 4 (deposited on the
emission layer 3). In this embodiment, the emission layer 3 forms a single organic
compound type-layer. This single layer may be composed entirely of a compound
having hole transporting ability, electron transporting ability and luminescence ability
(associated with the re-combination of electrons and holes) based on its own properties,
or through combination with a dopant that enhances the performances of the hole
transporting ability, the electron transporting ability and luminescence ability of host
compound. According to some embodiments, the compound of formula (1) can serve
as a hole transporting layer with a dopant. According to other embodiments, the
compound of formula (1) can function as a dopant. According to other embodiments,
the compound of formula (1) can serve as a separate hole injection layer, as described -

further below.

In Figure 1, the emission layer 3 may preferably have a thickness of 5 nm to 1 um,

more preferably 5 to 50 nm.
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Figure 2 shows another embodiment of the organic electroluminescent device of the
present invention in the form of a multiple layer-type device comprised of a hole

transporting layer 5 and an electron transporting layer 6.

Referring to Figure 2, the organic luminescent device includes a substrate 1, an anode 2
(deposited on the substrate 1), the hole transporting layer 5 (deposited on the anode 2),
the electron transporting layer 6 (deposited on the hole transporting layer 5) and a
cathode (deposited on the electron transporting layer 6). In this embodiment, either one
or both of the hole transporting layer 5 and the electron transporting layer 6 may
contain an emissive compound as dopant(s) for forming an emission layer 3. In this
case, the hole transporting layer 5 and the electron transporting layer 6 may be
comprised of non-luminescent compound(s), respectively. The compound. of formula 1

can form the hole transporting layer 5, or a component of the hole transporting layer.

In the embodiment of Figure 2, each of the hole transporting layer 5 and the electron
transporting layer 6 may have the thickness of 5 nm to 1 um, more preferably 5 nm to

50 nm.

Figure 3 shows another embodiment of the organic electroluminescent device of the
present invention in the form of a multiple layer-type device comprising a hole
transporting layer 5, an emission layer 3, an electron transporting layer 6. In Figure 3,
the organic luminescent device includes a substrate 1, an anode 2 (deposited on the ‘
substrate 1), the hole transporting layer 5 (deposited on the anode 2), the emission layer
3 (deposited on the hole transporting layer 5), the electron transporting layer 6
(deposited on the emission layer 3) and a cathode (deposited on the electron
transporting layer 6). In this embodiment, each of the hole transporting layer, the
emission layer and the electron transporting layer may be formed by use of a hole
transporting compound, an emissive compound and an electron transporting compound,
respectively or as a mixture of these kinds of compounds. The compound of formula 1

can form the hole transporting layer 5, or a component of the hole transporting layer.
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Figure 4 shows another embodiment of the organic electroluminescent device of the
present invention with multiple layers comprising a hole injection layer 7, a hole
transporting layer 5 an emission layer 3 and an electron transporting layer 6. In Flgure
4, the organic luminescent device includes a substrate 1, an anode 2 (deposited on the
substrate 1), the hole injection layer 7 (deposited on the anode 2), the hole transporting
layer 5 (deposited on the hole injection layer), the emission layer 3 (deposited on the
hole transporting layer 5), the electron transporting layer 6 (deposited on the emission
layer 3) and a cathode (deposited on the electron transporting layer 6). In this
embodiment, each of the hole injection layer, the hole transporting layer, the emission
layer and the electron transporting layer may be formed by use of a hole injection
compound, a hole transporting compound, an emissive compound and an electron
transporting compound, respectively or as a mixture of these kinds of compounds. The
compound of formula 1 can form the hole injection layer 7 and/or the hole transporting

layer 5 (or a component thereof).

In Figures 1, 2, 3 and 4, each layer of 3, 5, 6, and 7 may be formed by either vacuum
deposition or wet process using low molecule or polymer compound or mixture of low
molecule and polymer compound. Each thickness of the layer 3, 5 and 6 may
preferably be ranging from 1 nmto 1 um. Each of'the thickness of the cathode and the
anode may be preferably 100 — 200 nm.

The organic layer structures in the devices shown in Figures 1, 2, 3 and 4 represent the
basic structure, respectively, so that the structure may be appropriately optimized
depending on characteristics demanded. Examples of suitable modifications include the

incorporation of one or more additional layers.

For example, the hole transporting layer may be altered to comprise a hole injection
layer (deposited on the anode) and hole transporting layer (deposited on the hole

injection layer).

More specific embodiments of the device structure other than those of Figures 1, 2, and

4 are shown below, but not restricted to these device structures.
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(1) Anode/hole transporting layer/emission layer/electron transporting layer/electron
injection layer/cathode

(2) Anode/hole injection layer/emission layer/electron transporting layer/electron
injection layer/cathode

(3) Anode/insulating layer/hole transporting layer/emission layer/ electron
transporting layer/cathode

(4) Anode/hole transporting layer/emission layer/electron transporting -
layer/insulating layer/cathode

(5) Anode/inorganic semiconductor/insulator/hole transporting layer/emission
layer/insulator/cathode

(6) Anode/insulating layer/hole transporting layer/emission layer/electron
transporting layer/insulating layer/cathode

(7) Anode/insulating layer/hole injection layer/hole transporting layer/emission
layer/electron transporting layer/electron injection layer/cathode

(8) Anode/insulating layer/hole injection layer/hole transporting layer/emission

layer/electron transporting layer/electron injection layer/insulating layer/cathode

In the embodiments described above, more preferable device structures are (1), (2), (3),
(7) and (8), although this is not a restriction. According to some embodiments, the
compound of the formula (1) may be formed as a hole injection layer or a hole
generation layer. In this case, the hole injection layer or the hole generation layer has a
thickness of 1 nm to 1 ym, more preferably 1 - 50 nm. According to some -
embodiments, there is provided the use of the compound of formula (1) as a hole
injection material, or a hole generation material, as a hole injection layer or a hole

generation layer, or as a dopant in a hole transporting layer.

In some embodiments, the compound of the formula (1) may be used in combination
with a hole transporting compound (or material), an electron transporting compound

and/or an emission compound, examples of which may include the following.
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As a material for the anode (e.g. 2 in Figures 1 — 4), it is preferred to use one having a
large work function, examples of which may include metals, such as gold, platinum,
nickel, palladium, cobalt, selenium, vanadium and their alloys; metal oxides, such as tin
oxide, zinc oxide, indium zinc oxide (IZO) and indium tin oxide (ITO) and |
electroconductive polymers, such as polyaniline, polypyrole and polythiophene and
derivatives thereof. These compounds may be used singly or in combination of two or

more species.

As a material for the cathode (e.g. 4 in Figures 1 — 4), it is preferred to use one having a
smaller work function, usually under 4.0 eV, examples of which may include; metals
such as sodium, magnesium, lithium, potassium, aluminium, indium, silver, lead,
chromium and their alloys, or oxides. In the case of metal oxide, those such as indium

oxide (ITO), indium zinc oxide (IZO) and zinc oxide are suitable.

The insulating layer may be deposited adjacent to either electrode to avoid current
leakage as mentioned in embodiments (3) to (8). As the insulating material, it is
preferred to use an inorganic compound, examples of which may include aluminium
oxide, lithium fluoride, lithium oxide, caesium oxide, magnesium oxide, magnesium
fluoride, calcium oxide, calcium fluoride, aluminium nitride, titanium oxide, silicon

oxide, silicon nitride, boron nitride, vanadium oxide.

The substrate (e.g., 1 shown in Figures 1 — 4) for the organic electroluminescence
device of the present invention may include an opaque substrate made from any suitable
material, such as metal or ceramics, or a transparent substrate made from any suitable
transparent material such as glass, quartz, plastics, etc. It is possible to form the
substrate with a colour filter film, a fluorescent colour conversion film, dielectric

reflection film, etc., thus controlling such aspects of the emitted luminescent light.

The devices of the present application can be provided in the form of a stacked organic

electroluminescent (EL) device. The present application also extends to electronic
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devices comprising the organic electroluminescent device of the present invention,

including displays and light sources.

The present invention will be described below in detail with preparation examples and

the device examples, but the present invention is not intended to be restricted to these

examples.
EXAMPLE 1

Ph\)N\,Ph

XX

s,
Ph\'}l)\\N Sy ITI,Ph
Ph Ph
2

Hexaphenylmelem 2

Following the procedure described by Schroeder and Kober (Schroeder, H., Kober, E..J.
Org. Chem. 1962, 27, 4262.), a mixture of cyameluric chloride (2.30 g, 8.34 mmol)
prepared by the known procedure (Schwarz, M., Buschmann, H. H., Kroke, E., Jiménez
Alonso, O., Holenz, J., Corbera Arjona, J., Payella, D., Pelejero, C., Trullas, C-R. 2007,
EP patent 1854797A1.) and Ph,NH (9.87 g, 58.4 mmol) in xylenes (100 mL) was
heated at 80 °C for 14 h. The resulting salmon coloured mixture was collected on a
sintered glass funnel to give a solid residue. The residue was washed with H,O (two
times) and then EtOH (two times). The residue was taken up in CH,Cl,, filtered and
concentrated to give a solid residue. The residue was purified by flash chromatography
(MeOH/CH,Cl,, gradient; 0:100, 2:98, 3:97 then 4:96) to yield hexaphenylmelem 2
(3.89 g, 69%) as a colourless solid. A portion of this material was further purified by,
firstly, recrystallisation (nitromethane) and, secondly, by sublimation (350 °C, 0.025 |
mBar): m.p. 458 — 465 °C (DSC); R¢0.30 (5:95 EtOAc/CH,CL); '"H NMR (CD,Cl, 400
MHz) §7.22 —7.29 (m, 18H), 7.34 — 7.40 (m, 12H); *C NMR (CD,Cl,, 100 MHz) &
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127.99, 128.28, 129.96, 143.29, 156.44, 165.26; HRMS (EI) m/z 673.2589 C42HpoNio
[M—H]" requires 673.2571. |

EXAMPLE 2

N'N" N"-Triphenyl-N',N" ,N'"-(tri-2-naphthyl)melem 3

A mixture of cyameluric chloride (2.46 g, 8.90 mmol) and N-phenyl-2-naphthylamine
(13.6 g, 62.1 mmol) in xylenes (100 mL) was heated at 80 °C for 20 h. The resulting
red coloured mixture was collected on a sintered glass funnel to give a solid residue.
The residue was washed with H,O (two times) and then EtOH (two times). The residue
was taken up in CH,Cl,, filtered and concentrated to give a solid residue. The residue‘
was purified by flash chromatography (EtOAc/CH,Cl,, gradient; 0:100, 1:99, 2:98 then
3:97) to yield N'.N",N'"-triphenyl-N',N" ,N'"-(tri-2-naphthyl)melem 3 (1.51 g, 20%) as a
pale yellow solid. A portion of this material was further purified by, firstly,
recrystallisation (CH,Cly/hexanes) and, secondly, by sublimation (350 °C, 0.025 mBar):
m.p. 417 — 425 °C (DSC); R¢0.37 (3:97 EtOAc/CH,Ch); 'H NMR (CDCl, 400 MHz) 6
7.11 = 7.32 (m, 15H), 7.34 — 7.40 (m, 9H), 7.54 — 7.58 (m, 3H), 7.63 — 7.68 (m, 3H),
7.70 —7.77 (m, 6H); *C NMR (CDCl;, 100 MHZ) §126.11, 126.26, 126.31, 126.90,
127.65, 127.88, 128.78, 129.09, 131.84, 133.47, 140.39, 142.85, 155.93, 164.50;
HRMS (EI) m/z 823.3067 CsqHj3sN 1o [M—H]" requires 823.3041.
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EXAMPLE 3

N'.N" N"'-Triphenyl-N',N",N""'-(tri-4-methoxyphenyl)melem 4

A mixture of cyameluric chloride (831 mg, 3.01 mmol) and N-4-methoxyphenyl-
phenylamine (4.19 g, 21.1 mmol) in xylenes (50 mL) was heated at 80 °C for 22 h. The
resulting dark coloured mixture was collected on a sintered glass funnel to give a solid
residue. The residue was washed with H,O (two times) and then EtOH (two times). |
The residue was taken up in CH,Cl,, filtered and concentrated to give a solid residue.
The residue was purified by flash chromatography (EtOAc/CH,Cl,, gradient; 0:100,
2.5:97.5 then 4:96) to yield N',N" ,N'"-triphenyl-N',N"' N’ "’-(tri—4-methoxyphenyl)melem.
4 (1.68 g, 73%) as a pale orange solid. A portion of this material was further purified
by, firstly, recrystallisation (CH>Clh/toluene) and, secondly, by sublimation (350 °C,
0.025 mBar): m.p. 487 — 496 °C (DSC); R¢0.17 (5:95 EtOAc/CH,Cl); '"H NMR
(CD,Cl, 400 MHz) 63.77 (s, 9H), 6.88 (d, J = 8.8 Hz, 6H), 7.16 (d, J = 8.8 Hz, 6H),
7.20 —7.29 (m, 9H), 7.33 — 7.40 (m, 6H); *C NMR (CD,Cl,, 100 MHz) §55.91,
115.20, 127.82, 128.07, 129.26, 129.92, 136.05, 143.52, 159.22, 165.37; HRMS (EI)
m/z 763.2891 Cq5H3sN 003 [M—H] " requires 763.2888.
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EXAMPLE 4

00

N

/NK:J\\J\

A mixture of cyameluric chloride (1.93 g, 6.99 mmol) and di-4-tolylamine (9.60 g, 48.7

Hexa-4-tolylmelem 5

mmol) in xylenes (100 mL) was heated at 80 °C for 15 h. The resulting dark coloured
mixture was collected on a sintered glass funnel to give a solid residue. The residue
was washed with H,O (two times) and then EtOH (two times). The residue was taken
up in CH,Cl,, filtered and concentrated to give a solid residue. The residue was
purified by flash chromatography (EtOAc/CH;Cly/hexanes, gradient; 0:50:50,
2.5:48.75:48.75 then 2.5:72.5:25) to yield hexa-4-tolylmelem 5 (4.47 g, 84%) as a
colourless solid. A portion of this material was further purified by, firstly,
recrystallisation (CH,Cl/toluene) and, secondly, by sublimation (350 °C, 0.025 mBar):
m.p. 459 — 468 °C (DSC); R¢0.59 (3:97 EtOAc/CH,Ch); 'H NMR (CDCls, 400 MHz) &
2.28 (s, 18H), 7.01 — 7.10 (m, 24H); "*C CNMR (CDCls;, 100 MHz) 521.04, 127.38,
129.70, 136.57, 140.25, 155.40, 163.90; HRMS (EI) m/z 757.3537 CasHa1N1g [M—H]+'_
requires 757.3510.
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EXAMPLE 5

Hexa-(4-fluorophenyl)melem 31

To a solution of bis(4-fluorophenyl)amine (2.81 g, 13.7 mmol) in THF (75 mL) at 0 °C
was added NaH (60% dispersion in mineral oils, 575 mg, 14.3 mmol) and the resulting
deep red mixture was stirred (10 min). Cyameluric chloride (841 mg, 3.05 mmol) was
added and the mixture was stirred for 15 h at room temperature and then heated to
reflux for 3 h. The reaction was allowed to cool to room temperature and saturated
aqueous NH4Cl (3 mL) was added and the reaction mixture was concentrated to ~ 10
mL. The mixture was taken up in H,O and collected on a sintered glass funnel to give a
solid residue. The residue was washed with H,O (two times) and then EtOH (three
times). The residue was taken up in CH,Cl, filtered and pre-adsorbed onto silica. This
pre-adsorbed material was subjected to flash chromatography (EtOAc/CH,Cl,,
gradient; 1:99 to 4:96) to yield hexa-(4-fluorophenyl)melem 31 (1.5 g, 63%) as a
colourless solid. A portion of this material was further purified by, firstly,
recrystallisation (CH,Cly/toluene) and, secondly, by sublimation (310 °C, 10> mBar):
m.p. 493 — 496 °C (DSC); '"H NMR (CD,Cl,, 400 MHz) §7.04 — 7.11 (m, 12H), 7.18 -
7.24 (m, 12H); HRMS (EI) m/z 781.2033 C42H23N10F6 [M-H]"" requires 781.2006.
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EXAMPLE 6

N'.N",N"'-(Tri-3,4-difluorophenyl)-N'.N" N""'~(tri-4-fluorophenyl)melem 32

To a solution of 3,4-difluoro-N-(4-fluorophenyl)aniline (1.85 g, 8.3 mmol) in THF (30
mL) at 0 °C was added NaH (60% dispersion in mineral oils, 350 mg, 8.66 mmol) and
the resulting mixture was stirred at room temperature (20 min) and then at 50 °C (20
min). Cyameluric chloride (510 mg, 1.84 mmol) was added and the mixture was heated
to reflux for 8 h. The reaction was allowed to cool to room temperature and saturated
aqueous NH4Cl (3 mL) was added and the reaction mixture was concentrated to ~ 10
mL. The mixture was diluted with CH,Cl, and H,O and the organic phase was
separated. The aqueous phase was re-extracted (CH,ClL,) and the combined organics
were washed (saturated aqueous NaCl), dried (MgSOs), filtered and concentrated to
give a solid residue. The residue was purified by flash chromatography
(EtOAc/hexanes/CH;Clp 0:25:75 then 1:25:74 then 2.5:25:72.5) to yield N',N",N""-(tri-
3,4-difluorophenyl)-N',N",N""-(tri-4-fluorophenyl)melem 32 (625 mg, 40%) as a
colourless solid. A portion of this material was further purified by, firstly,
recrystallisation (CH,Cly/toluene) and, secondly, by sublimation (310 °C, 10~° mBar):
m.p. 424 — 427 °C (DSC); 'H NMR (CD,Cl,, 400 MHz) §6.97 — 7.05 (m, 3H), 7.06 -
7.14 (m, 9H), 7.15 — 7.36 (m, 9H); *C NMR (CD,Cl,, 100 MHz) § 1 17.00, 117.23,
117.84 (d, J 19 Hz), 118.40 (d, J 19 Hz), 124.77 (d, J 4 Hz), 129.97, 130.06, 138.58 (d,
J 3 Hz), 139.19 (q, J 3 Hz), 149.22 (dd, J 14, 73 Hz), 151.64 (dd, J 14, 73 Hz), 156.58,
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162.16 (J 247 HZ), 165.46; HRMS (ESI) m/z 837.1891 C4H2oNoFo [M+H]+. requires
837.1885.

EXAMPLE 7

Hexa-(3,4-difluorophenyl)melem 33

To a solution of bis(3,4-difluorophenyl)amine (2.95 g, 12.2 mmol) in THF (70 mL) was
added NaH (60% dispersion in mineral oils, 490 mg, 12.8 mmol) and the resulting
mixture was stirred at room temperature (30 min). Cyameluric chloride (750 mg, 2.72
mmol) was added and the mixture was heated to reflux for 20 h. The reaction was
allowed to cool to room temperature and saturated aqueous NH4Cl (3 mL) was added
and the reaction mixture was concentrated to ~ 10 mL. The mixture was diluted with
CH,Cl, and H,0 and the organic phase was separated. The aqueous phase was re-
extracted (CH»Cly) and the combined organics were washed (saturated aqueous NaCl);
dried (MgS0,), filtered and concentrated to give a solid residue. The residue was
purified by flash chromatography (EtOAc/CH,Cl, 0:100 then 1:99 then 2:98) to yield
hexa-(3,4-difluorophenyl)melem 33 (1.1 g, 45%) as a colourless solid. A portion of thfs
material was further purified by recrystallisation (CH,Cly/toluene): m.p. 389 — 393 °C
(DSC); 'H NMR (CDCls, 400 MHz) 66.87 — 6.93 (m, 6H), 7.02 (ddd, J2.6,6.9,10.7
Hz, 6H), 7.11 (q, J 8.8 Hz, 6H); >C NMR (CDCl, 100 MHz) 5117.34, (d, J 19 Hz),
117.66 (d, J 19 Hz), 124.03 (d, J 4 Hz), 138.03 (q, J 4 Hz), 148.48 (dd, J 13, 82 Hz),
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150.98 (dd, J 14, 82 Hz), 156.07, 164.57; LRMS (EI) m/z 889.4 C4;H,7NoF 12 [M-H]"
requires 889.1. |

EXAMPLE 8

N'N" N"'-(Tri-4-cyanophenyl)-N',N",N"'~(tri-4-trifluoromethylphenyl)melem 34

To a solution of 4-(4-(trifluoromethyl)phenylamino)benzonitrile (1.6 g, 6.11 mmol) in
THF (120 mL) at 0 °C was added NaH (60% dispersion in mineral oils, 260 mg, 6.40
mmol) and the resulting deep red mixture was stirred (10 min). Cyameluric chloride
(420 mg, 1.52 mmol) was added and the mixture was heated to reflux for 20 h. The
reaction was allowed to cool to room temperature and saturated aqueous NH4Cl (3 mL)
was added and the reaction mixture was concentrated to ~ 10 mL. The mixture was
diluted with CH,Cl, and H,O and the organic phase was separated. The aqueous phase
was re-extracted (CH,Cly) and the combined organics were washed (saturated aqueous
NaCl), dried (MgSOs), filtered and concentrated to give a solid residue. The residue |
was purified by flash chromatography (EtOAc/hexanes, 30:70 then 0:100 then
EtOAc¢/CH>Cl, 5:95) to yield N',N",N""-(tri-4-cyanophenyl)-N',N",N""~(tri-4-
trifluoromethylphenyl)melem 34 (610 mg, 42%) as a colourless solid. A portion of this
material was further purified by, firstly, recrystallisation (CH,Cly/toluene) and,
secondly, by sublimation (350 °C, 107> mBar): m.p. 484 — 489 °C (DSC); 'H NMR
(CDCl;, 400 MHz) §7.32 (t, J 9 Hz 12H), 7.67 (d, J 9.0 Hz, 12H); *C NMR (CDCl,
100 MHz) 6112.01, 118.44, 124.24 (q, J 270 Hz), 127.38 (q, J 14 Hz), 128.94, 129.11;
130.26 (q, J 33 Hz), 133.98, 145.18, 146.13, 156.88, 165.27, HRMS (ESI) h/z
976.2044 C4gHa4N sNaFy [M+Na]* requires 976.2032.



WO 2010/132953 PCT/AU2010/000614

10

15

43

EXAMPLE 9

N/

PN I
50

Tris-(4-tolyl)-tri-s-triazine 50

A mixture of AICI; (3.32 g, 25 mmol) in toluene (8.5 mL) was heated to 65 °C.
Cyameluric chloride (1.5 g, 5.4 mmol) was added in six portions over 30 min. This
mixture was stirred at 65 °C for 5 h and then quenched with the addition of H,O (30
mL) and stirred vigorously to afford a flocculent yellow precipitate. The reaction
mixture was filtered and the yellow precipitate was washed (three times) with H,O.
The yellow precipitate was taken up in toluene (~700 mL) and pre-adsorbed onto silica.
This pre-adsorbed material was subjected to flash chromatography (EtOAc/toluene,
gradient; 0:99 to 2.5:97.5) to yield tris-(4-tolyl)-tri-s-triazine 50 as a yellow solid (540
mg, 22%). This material was further purified by, firstly, recrystallisation (xylenes) and,
secondly, by sublimation (280 °C, 10~ mBar): m.p. 449 — 458 °C (DSC); '"H NMR
(CsDs, 400 MHz) 62.03 (s, 9H), 7.04 (d, J 8.0 Hz, 6H), 8.80 (d, J 8.2 Hz, 6H); HRMS
(ED) m/z 443.1855 Co7Hy N7 [M] " requires 443.1853.
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EXAMPLE 10

N/

!
NJ\N*N

[
~
D)\NJ\\N
F 51 F

Tris-(4-fluoro-3-methylphenyl)-tri-s-triazine 51

To a mixture of AICl; (2.41 g, 18 mmol) in 2-fluorotoluene (8.5 mL) at 0 °C was added
cyameluric chloride (1.0 g, 3.6 mmol) and the mixture was stirred at 0 °C for 30 min
and then at 80 °C for 4 h. The reaction was quenched with the addition of ice and the
mixture was stirred vigorously at room temperature for 1 h and then at 100 °C for 30
min to afford a flocculent yellow precipitate. The reaction mixture was allowed to cool
to room temperature, filtered and the yellow precipitate was washed (three times) with
H,0 and then taken up in toluene (~500 mL) and pre-adsorbed onto silica. This pre-
adsorbed material was subjected to flash chromatography (EtOAc/toluene, gradient;
0:100 to 2:98) to yield tris-(4-fluoro-3-methylphenyl)-tri-s-triazine 51 as a yellow solid
(1.03 g, 57%). This material was further purified by, firstly, recrystallisation ('xylenes)'
and, secondly, by sublimation (265 °C, 10> mBar): m.p. 370 — 380 °C (DSC); 'H NMR
(C¢Dg, 400 MHZz) 62.06 (s, 9H), 6.81 (t,J 8.8 Hz, 3H), 8.54 — 8.61 (m, 3H), 8.65 (d, J
7.6 Hz, 3H); HRMS (EI) m/z 497.1580 Cy7H,sN7F3 [M] " requires 497.1570. '
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EXAMPLE 11

L
NC N\//NK\'N CN
j/kN N
CN CN

Tris-(dicyanomethyl)-tri-s-triazine 52

To malononitrile (980 mg, 14.8 mmol) in THF (30 mL) at 0 °C was added (in portions
over 5 min) NaH (60% dispersion in mineral oils, 610 mg, 15.3 mmol) and the mixture
was stirred (30 min). Cyameluric chloride (580, 2.12 mmol) was added and the mixture
was heated to reflux for 8h. The mixture was allowed to cool to room temperature and
saturated aqueous NH4Cl (3 mL) was added and the reaction mixture was concentrated
to ~ 10 mL. H,O was added and a precipitate formed. The mixture was filtered and the
solid washed with H,O (3 times). The solid was extracted exhaustively with EtOAc and
this extract was pre-adsorbed onto C18 reverse phase silica. This pre-adsorbed materiél
was subjected toC18 reverse phase silica chromatography (MeCN/H,O , gradient; 0:100
to 15:85) to yield tris-(dicyanomethyl)-tri-s-triazine 52 as a yellow solid (400 mg, .
52%): *C NMR (CDs),S0, 100 MHz) §49.49, 117.07, 146.53, 165.35; LRMS (EI) m/z
889.4 CsH3N 3 [M+H]" requires 366.3.

EXAMPLE 12

The hole injection property of the example compounds was confirmed by making
device comprised of two layers using an example compound and NPD (N,N'-di(1-
naphthyl)-N,N'-diphenyl-(1,1'-biphenyl)-4,4'-diamine ). The device was manufactured

as described below;

Device 1; Compound 2 having 4 nm thickness was deposited on an aluminium film (of
1000 A) on a glass substrate under 107° torr. NPD having a 100 nm thickness was
deposited onto the compound 2 layer under the same conditions. Finally, aluminium

film having 1000 A thickness was deposited onto the NPD layer.
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Device 2: Device 2 was fabricated using compound 5 instead of compound 2 under the

same conditions as above.

The device performance data is shown in Figure 5. The hole current was observed even

at low driving voltage.
EXAMPLE 13
Devices 3, 4, 5, 6 and 7 using Aluminium quinolate (Alq) as electron transporting

material were fabricated to compare the power efficiency.

The layer structure for devices 3 — 7 is; Glass /ITO(130 nm)/Hole Injection(x)/NPD(50
nm)/Alq(70 nm)/Al(100 nm). All layers were vacuum deposited.

Device 3: Comprises no Hole Injection layer.

Device 4: Comprises Hexacyanohexaazatriphenylene (HAT) (5 nm thickness as a Hole

Injection layer).

Device 5: Comprises Hexacyanohexaazatriphenylene (HAT) (10 nm thickness as a

Hole Injection layer).

Device 6: Comprises Hexacyanohexaazatriphenylene (HAT) (20 nm thickness as a

Hole Injection layer).
Device 7: Comprises Compound 2 (3 nm thickness as a Hole Injection layer).

The device performance data is shown in Figure 6.
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CLAIMS:

1. An organic electroluminescent device comprising:

- a pair of electrodes comprising an anode and a cathode, and

- one or more layers of organic compound arranged between the pair of electrodes,
wherein the organic compound layer, or one or more of the organic compound layers,

comprises a compound represented by the following formula (1):

1

X

wherein:

R, is selected from NRR;, CR7RgRg, Arj and cyano;

Ry, is selected from NR3R4, CR1oR 1R 2, Ary7 and cyano;

R, is selected from NRsRg, CR 3R 14R 15, Arj3 and cyano;

R, to Rs, which may be the same or different, are each independently selected from the
group consisting of: substituted or unsubstituted aryl group, substituted or unsubstituted
heterocyclic group, substituted or unsubstituted alkyl group and cyano, or each pair of
substituents R; and Ry, R3 and R4 and/or Rs and Rg may together form a substituted or -
unsubstituted heterocyclic group incorporating the attached nitrogen atom, and wherein
one or more of R; to R¢ may comprise a substituent containing a monomer or polymer
chain; |
R7 to Rjs which may be the same or different, are each independently selected from the
group consisting of hydrogen atom, halogen atom, nitro group, ketone group, amide
group, cyano group, carboxylate group, sulfonate group, substituted or unsubstituted
aryl group, substituted or unsubstituted alkyl group and substituted or unsubstituted
heterocyclic group, or pairs of substituents R; and Rg, Rjp and R;; and/or Rj; and Rys

may together form a substituted or unsubstituted cyclic group, in which case each of Ry,
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Ri2 and Rys is as defined previously or is absent; and in which any substituent on any of
groups Ry to Rjs may contain a monomer or polymer chain; and
Arj6 to Aryg are each selected from substituted and unsubstituted aryl groups, in which

the substituent may contain a monomer or polymer chain.

2. A device according to claim 1, wherein the compound is of formula (1a):

wherein:

R, to Re, which may be the same or different, are each independently selected from the
group consisting of substituted or unsubstituted aryl groups, substituted or unsubstituted
heterocyclic groups, substituted or unsubstituted alkyl groups, and cyano, or each pair
of substituents R; and Ry, R3 and R4 and/or Rs and R¢ may together form a substituted
or unsubstituted heterocyclic group incorporating the attached nitrogen atom, and -
wherein one or more of R; to R¢ may comprise a substituent containing a monomer or

polymer chain.

3. A device according to claim 2, wherein the aryl group is monocyclic.
4. A device according to claim 2, wherein the aryl group is polycyclic.
5. A device according to claim 2, wherein R, to Re are each independently

selected from substituted or unsubstituted heterocyclic groups

6. A device according to claim 5, wherein the heterocyclic groups are

polyheterocyclic.
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7. A device according to claim 5, wherein the heterocyclic group is selected from
carbazole, pyridine, quinoline, pyrazole, pyrazoline, pyrazine, triazole, isoxazole,
oxazine, thiazine, oxazole, imidazole, oxadiazole, furan, thiophene, pyrrole,

phenothiazine, phenoxazine, pyrazolidine.

8. A device according to any one of claims 2 to 7, wherein each of R to Re is the
same.
9, A device according to any one of claims 2 to 7, wherein each of R, R3 and Rs

are the same, and each of R, R4 and Rg is the same, but R, is different to R,. -

10. A device according to any one of claims 2 to 7, one of R to R¢ comprises a

substituent containing a polymer chain.

11. A device according to claim 10, wherein Ry comprises a substituent containing

a polymer chain, and R; to Re are the same as each other.

12. A device according to claim 1, wherein the compound is of formula (1b):
R-,ERQ
L X
N "N N
Ri1s | Ry
R ~ > 0
14 NN Ryq
R13 R12
1b
wherein:

Ry to Rys which may be the same or different, are each independently selected from the
group consisting of hydrogen atom, halogen atom, nitro group, ketone group, amide
group, cyano group, carboxylate group, sulfonate group, substituted or unsubstituted
aryl group, substituted or unsubstituted alkyl group and substituted or unsubstituted
heterocyclic group, or pairs of substituents R; and Rs, Rjg and R, and/or R;3 and Ry4

may together form a substituted or unsubstituted cyclic group, in which case each of Ry,
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Ri2 and R;s is as defined previously or is absent; and in which any substituent on any of

groups R7 to R;s may contain a monomer or polymer chain.

13. A device according to claim 1, wherein the compound is of formula (1c):
AI"16

by
'NJ\N/J\lN
Ar18/k\N)\\N)\

5 Ar7
lc
wherein:
Arj6 to Aryg are each selected from substituted and unsubstituted aryl groups, in which
the substituent may contain a monomer or polymer chain.
10

14. A device according to any one of the preceding claims, wherein the device is a

stacked organic EL device.

15. A device according to any one of the preceding claims, wherein the device

15  comprises a display.

16. A device according to any one of the preceding claims, wherein the device

comprises a light source.

20 17 A compound of formula (1):

Ra

PN

N7 N N

)\ J\
R¢ N N Ro

N N

/

25  wherein:

R, is selected from NR|R;, CR7RgRy, Ariand cyano;
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Ry is selected from NR3R4, CRoR[1R|2, Ary7 and cyano;

R is selected from NRsRg, CR 3R 14R 5, Arigand cyano,

R; to Rg, which may be the same or different, are each independently selected from the
group consisting of: substituted or unsubstituted aryl group, substituted or unsubstituted
heterocyclic group, substituted or unsubstituted alkyl group and cyano, or each pair of
substituents R, and Ry, R3 and R4 and/or Rs and R¢ may together form a substituted or
unsubstituted heterocyclic group incorporating the attached nitrogen atom, and wherein
one or more of R; to R¢ may comprise a substituent containing a monomer or polymer
chain;

R7 to R;s which may be the same or different, are each independently selected from the
group consisting of hydrogen atom, halogen atom, nitro group, ketone group, amide
group, cyano group, carboxylate group, sulfonate group, substituted or unsubstituted |
aryl group, substituted or unsubstituted alkyl group and substituted or unsubstituted
heterocyclic group, or pairs of substituents R; and Rg, Rjo and Ry, and/or Rj3 and R4 _
may together form a substituted or unsubstituted cyclic group, in which case each of Ro,
Rj; and Rys is as defined previously or is absent; and in which any substituent on any of
groups Ry to R;s may contain a monomer or polymer chain and _

Arj6 to Aryg are each selected from substituted and unsubstituted aryl groups, in which

the substituent may contain a monomer or polymer chain.

18. A compound of formula (1a):

1a

wherein:
R; to Rs, which may be the same or different, are each independently selected from the

group consisting of substituted or unsubstituted aryl groups, substituted or unsubstituted
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heterocyclic groups, substituted or unsubstituted alkyl groups, and cyano, or each pair
of substituents R; and R;, R; and R4 and/or Rs and R may together form a substituted
or unsubstituted heterocyclic group incorporating the attached nitrogen atom, and

wherein one or more of R; to Rg may comprise a substituent containing a monomer or

5  polymer chain.

19. A compound is of formula (1b):

LI
R15N/)N\ IN R1o
RM\*)\\N \NJ\FRﬁ
R13 R12
1b

10  wherein:
R7 to R;s which may be the same or different, are each independently selected from the
group consisting of hydrogen atom, halogen atom, nitro group, ketone group, amide
group, cyano group, carboxylate group, sulfonate group, substituted or unsubstituted
aryl group, substituted or unsubstituted alkyl group and substituted or unsubstituted |

15  heterocyclic group, or pairs of substituents R; and Rg, Rjg and R, and/or R)3 and R4
may together form a substituted or unsubstituted cyclic group, in which case each of Ry,
Rj2 and R;s is as defined previously or is absent; and in which any substituent on any of

groups Ry to R;5 may contain a monomer or polymer chain.

20 20. A compound is of formula (1¢):

wherein:
Arig to Ar;g are each selected from substituted and unsubstituted aryl groups, in which

25  the substituent may contain a monomer or polymer chain.
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21.  Use of a compound of formula (1)

A

N

wherein:

R, is selected from NR;R;, CR7RgRg, Arjgand cyano;

Ry, is selected from NR3R4, CR1oR11R12, Ary7 and cyano;

R, is selected from NRsRg, CRj3R14R 5, Arjgand cyano;

R, to Rg, which may be the same or different, are each independently selecfed from the
group consisting of: substituted or unsubstituted aryl group, substituted or unsubstituted
heterocyclic group, substituted or unsubstituted alkyl group and cyano, or each pair of
substituents R; and Ry, R3 and R4 and/or Rs and R¢ may together form a substituted or
unsubstituted heterocyclic group incorporating the attached nitrogen atom, and wheréi_n
one or more of R; to Rg may comprise a substituent containing a monomer or polymer
chain;

R7 to Rys which may be the same or different, are each independently selected from the
group consisting of hydrogen atom, halogen atom, nitro group, ketone group, amide
group, cyano group, carboxylate group, sulfonate group, substituted or unsubstituted
aryl group, substituted or unsubstituted alkyl group and substituted or unsubstituted |
heterocyclic group, or pairs of substituents R; and Rg, Rjgp and R;; and/or R;3 and R4
may together form a substituted or unsubstituted cyclic group, in which case each of Ry,
Ryz and Rys is as defined previously or is absent; and in which any substituent on any of
groups R to Rs may contain a monomer or polymer chain; and

Ar 6 to Arig are each selected from substituted and unsubstituted aryl groups, in which
the substituent may contain a monomer or polymer chain.

in an organic electroluminescent device.
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22.  Use of a compound of formula (1)

wherein:

R, is selected from NR;R;, CR;RgRg, Ar;6and cyano;

Ry is selected from NR3R4, CR R 1R 2, Arj7and cyano;

R, is selected from NRsRs, CR13R14R 5, Arjgand cyano; ,

R to R¢, which may be the same or different, are each independently selected from the
group consisting of: substituted or unsubstituted aryl group, substituted or unsubstituted
heterocyclic group, substituted or unsubstituted alkyl group and cyano, or each pair of |
substituents R; and R;, R3 and R4 and/or Rs and R may together form a substituted or
unsubstituted heterocyclic group incorporating the attached nitrogen atom, and wherein
one or more of R; to R¢ may comprise a substituent containing a monomer or i)olymer
chain;

R;7 to R;s which may be the same or different, are each independently selected from the
group consisting of hydrogen atom, halogen atom, nitro group, ketone group, amide
group, cyano group, carboxylate group, sulfonate group, substituted or unsubstituted
aryl group, substituted or unsubstituted alkyl group and substituted or unsubstituted
heterocyclic group, or pairs of substituents R; and Rg, Rjp and Ry; and/or Rj; and R4
may together form a substituted or unsubstituted cyclic group, in which case each of Ry,
Rz and Rs is as defined previously or is absent; and in which any substituent on any of
groups Ry to Rys may contain a monomer or polymer chain; and '

Ary6 to Arig are each selected from substituted and unsubstituted aryl groups, in which |
the substituent may contain a monomer or polymer chain,

as a hole injection material, a hole generation material, a hole injection layer, a hole

generation layer, or as a dopant in a hole transporting layer.



Pourd
o o © ° 5
S E50 T B

t 111

-




WO 2010/132953 PCT/AU2010/000614

phnnnnnene e 4 cathode

. electron transporting
layer
—> 3. emission layer

—> 5. hole transporting layer

coimnhiiihonhi i e D anode

Figure 3

. cathode

. electron transporting
layer

L » 3. emission layer

— 5. hole transporting layer

_, 7. hole injection layer

Tl e e L L L e e e Gl ) anode .

> |. substrate

Figure 4



WO 2010/132953

PCT/AU2010/000614

373

Al (40)/HI (4)/NPD (100)/Al
HI: Compound 2, compound 5
1.00E+02
1.00E+01
1.00E+00
oy
E 1.00E-01
< .
E 1.00E-02 =8
g !
S 1.00E-03
g
t 1.00E-04
=3
(& ‘
1.00E-05
1.00E-06 !
1.00E-07
0.1 1 10
Voltage [V]
Figure 5
6
5
<4
°
L
>
0 3
2
o
& 2 ® none |----1
L ~--HAT(5)  |-----
-A-HAT (10) ::;:Z
1 - HAT (20) —
® compound 2|~ 7" 7
0— n Coilaaal i Lot 1 (g st I [N 1 TR R B IR i i,i‘ll‘l
0.01 01 1 10 100 1000

Current Density (mA/cm?)

Figure 6




INTERNATIONAL SEARCH REPORT International application No.

PCT/AU2010/000614
A, CLASSIFICATION OF SUBJECT MATTER
Int. Cl. ‘ ‘ ,
CO7D 487/16 (2006.01) - CO9K 11/06 (2006.01) HOI1L 51/54 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
STN CAS ONLINE: Files CAPLUS, REGISTRY - Substructure search based on formula 1 )

C. DOCUMENTS CONSIDERED TO BE RELEVANT '

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
: claim No.

WO 2008/083974 A1 (ISDIN S.A) 17 July 2008
X See claims 1-2,4-9, 11,13 . 17,20

’ & Compounds with CAS Registry numbers: 881735-81-5, 919608-58-5, 919608- 63 2, '
919609-07-7, 919609-10-2, 919609-11-3, 919609-12-4, 919609-13-5, 919609-14-6,
919609-15-7, 919609-16-8, 919609-17-9, 919609-18-0, 919609-19-1, 919609-20-4,
919609-21-5, 919609-22-6, 919609-23-7, 919609-24-8, 919609-25-9, 919609-26-0,
919609-27-1, 919609-28-2, 919609-29-3, 919609-30-6, 919609-31-7, 919609-32-8,
919609-33-9, 919609-34-0, 919609-35-1, 919609-36-2, 919609-37-3, 919609-38-4,
919609-39-5, 919609-40-8, 919609-41-9, 919609-42-0, 919609-43-1, 919609-44-2,
919609-45-3, 919609-46-4, 919609-47-5, 919609-48-6, 919609-49-7, 919609-50-0,
919609-51-1, 919609-52-2, 919609-53-3, 919609-54-4, 919609-55-5, 919609-56-6,
919609-57-7, 919609-58-8, 919609-59-9, 919609-60-2, 919609-61-3, 919609-62-4,
919609-63-5, 919609-64-6, 919609-65-7, 919609-66-8, 919609-67-9, 919609-68-0,
919609-69-1, 919609-70-4, 919609-74-8, 919609-75-9, 919609-76-0, 919609-77-1,
919609-79-3

Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents:

"A" * document defining the general state of the art which is "T"  later document published afier the international filing date or priority date and not in
not considered to be of particular relevance conflict with the application but cnted to understand the principle or theory
underlying the invention
"E"  earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
“L"  document which may throw doubts on priority claim(s} "Y*  document of particular relevance; the claimed invention cannot be considered to
or which is cited to establish the publication date of : involve an inventive step when the document is combined with one or more other
another citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the arnt
""Q"  document referring to an oral disclosure, use, exhibition wow .
or other means &"  document member of the same patent family

“P"  document published prior to the mtematlonal filing date
but later than the priority date claimed

Date of the actual completion of the international search * | Date of mailing of the international search report
21 June 2010 12 JUL 20
Name and mailing address of the ISA/AU Authorized officer
AUSTRALIAN PATENT OFFICE O.L. Chai
PO BOX 200, WODEN ACT 2606, AUSTRALIA _ AUSTRALIAN PATENT OFFICE
E-mail address: pct@ipaustralia.gov.au : (ISO 9001 Quality Certified Service)

Facsimile No. +61 2 6283 7999 Telephone No : +61 2 6283 2482

'

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

PCT/AU2010/000614

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Cafegory*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to
claim No.

WO 2008/083975 A1 (ISDIN S.A) 17 July 2008
See claims 1-2, 4-9, 11-13

& Compounds with CAS Registry Numbers: 919608-58-5, 919608-63-2, 919608-93-8,

919608-94-9, 919608-95-0, 919608-96-1, 919609-00-0, 919609-01-1, 919609-07-7,
919609-79-3, 919608-93-8, 919608-94-9, 919608-95-0

WO 2007/006807 A1 (ISDIN S.A) 18 Janﬁary 2007
See claimsl, 19-23, 25

& Compounds with CAS Registry Numbers: 102050-25-9, 881735-81-5, 919608-58-5,

919608-63-2, 919608-93-8, 919608-94-9, 919608-95-0, 919608-96-1, 919609-00-0,
919609-01-1, 919609-07-7, 919609-09-9, 919609-10-2, 919609-11-3, 919609-12-4,
919609-13-5, 919609-14-6, 919609-15-7, 919609-16-8 919609-17-9, 919609-18-0,
919609-19-1, 919609-20-4, 919609-21-5, 919609-22-6, 919609-23-7, 919609-24-8,
919609-25-9, 919609-26-0, 919609-27-1, 919609-28-2, 919609-29-3, 919609-30-6,
919609-31-7, 919609-32-8, 919609-33-9, 919609-34-0, 919609-35-1, 919609-36-2,
919609-37-3, 919609-38-4, 919609-39-5, 919609-40-8, 919609-41-9, 919609-42-0,
919609-43-1, 919609-44-2, 919609-45-3, 919609-46-4, 919609-47-5, 919609-48-6,
919609-49-7, 919609-50-0, 919609-51-1, 919609-52-2, 919609-53-3, 919609-54-4,
919609-55-5, 919609-56-6, 919609-57-7, 919609-58-8, 919609-59-9, 919609-60-2,
919609-61-3, 919609-62-4, 919609-63-5, 919609-64-6, 919609-65-7, 919609-66-8,
919609-67-9, 919609-68-0, 919609-69-1, 919609-70-4, 919609-74-8, 919609-75-9,
919609-76-0, 919609-77-1, 919609-79-3

US 3089875 A (Schroeder, Hansjuergen A) 14 May 1963
See col 1 lines 9-29, claims 1-2

Ke, Yanxiong et al, “(10,3)-A Noninterpenetrated Network Built from a Piedfort
Ligand Pair”, Inorganic Chemistry (2006), 45(5), 1897-1899

See page 1898 col 1 para 2

& Compounds with CAS Registry numbers: 881735-81-5, 881735-82-6

Traber, Boris et al, “Donor-substituted heptaazaphenalene as a nonlinear optically
active molecule with multiple charge-transfer transitions”, European Journal of
Organic Chemistry (2004), (21), 4387-4390

See scheme 2 compound 4

Zheng, Wenxu et al, “Theoretical Study of 1,3, 4 6,7,9,9b-Heptaazaphenalene and its .

Ten Derivatives”, Journal of Physical Chemlstry A (2004), 108(1), 97-106
See abstract

Chemical Abstracts Accession No 1982:472331

CAS Registry Number 82521-37-7 '

& Takimoto, Michiaki et al, “Studies of hydroxymethylation of ammeline, ammchde
melam, and melem by ultraviolet spectroscopy” Nippon Kagaku Kaishi (1982), (4),
662-9

17,20

17,20

17, 18

17,20

17, 18

17

17,18

Form PCT/I1SA/210 (continuation of second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

PCT/AU2010/000614
C (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT ‘
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.

Schroeder, Hansjuergen, et al, “Some reactions of cyameluric chloride”, Journal of
Organic Chemistry (1962), 27, 4262-4266
See abstract, Table I, page 4265 (compounds XV to XXX, XXV- XXXVII)

uUsS 6225467 B1 (ESTEGHAMATIAN et al) 1 May 2001
See whole document

- 17-20

Form PCT/ISA/210 (continuation of second sheet (2)) (July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/AU2010/000614

This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the
above-mentioned international search report. The Australian Patent Office is in no way liable for these particulars

which are merely given for the purpose of information.

Patent Document Cited in Patent Family Member

Search Report

WO 2008/083974 AR 064885  CA 2675308 CL 962008
PE 15622008 US 2010047185

WO 2008/083975 NONE

WO  2007/006807 . AR 054831 AU 2006268582 CA 2614582

' CN 101223174 EP 1904500 ES 2264904

KR 20080031388 MX 2008000567 RU 2008105077
US 2008193398 UY 29668 ZA 200800252

US 3089875 NONE

US 6225467 NONE

Due to data integration issues this family listing may not iﬁclude 10 digit Australian applications filed since May 2001.

END OF ANNEX

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - claims
	Page 53 - claims
	Page 54 - claims
	Page 55 - claims
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - wo-search-report
	Page 60 - wo-search-report
	Page 61 - wo-search-report
	Page 62 - wo-search-report

