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METHOD FOR PRODUCING HIGH-PURITY
ORGANOIRIDIUM COMPOUNDS

[0001] Organometallic compounds, especially compounds
of the d® metals, will find use as coloring components in the
near future as active components (=functional materials) in
a series of different types of application which can be classed
within the electronics industry in the widest sense.

[0002] The organic electroluminescent devices based on
organic components (for a general description of the con-
struction, see U.S. Pat. No. 4,539,507 and U.S. Pat. No.
5,151,629) and their individual components, the organic
light-emitting diodes (OLEDs) as well as polymeric light-
emitting diodes (PLEDs), have already been introduced onto
the market, as shown by the available car radios having
organic displays from Pioneer or a razor from Philips with
a PLED display. Further products of this type will shortly be
introduced. In spite of all of this, distinct improvements are
still necessary here for these displays to provide real com-
petition to the currently market-leading liquid crystal dis-
plays (LCDs) or to overtake them.

[0003] A development in this direction which has emerged
in recent years is the use of organometallic complexes which
exhibit phosphorescence instead of fluorescence [M. A.
Baldo, S. Lamansky, P. E. Burrows, M. E. Thompson, S. R.
Forrest, Applied. Physics Letters, 1999, 75, 4-6].

[0004] For theoretical reasons relating to spin probability,
up to four times the energy efficiency and power efficiency
are possible using organometallic compounds. Whether this
new development will establish itself depends strongly upon
whether corresponding device compositions can be found
which can also utilize these advantages (triplet emission=
phosphorescence compared to single emission=fluores-
cence) in OLEDs. The essential conditions for practical use
here are in particular a long operative lifetime, a high
stability against thermal stress and a low use and operating
voltage, in order to enable mobile applications. Secondly,
there has to be efficient chemical access to the corresponding
highly pure organoiridium compounds. Especially taking
into account the scarcity of iridium, this is of crucial
importance for the resource-protective exploitation of the
compound class specified.

[0005] In the literature, several processes have been
described for the preparation of tris-ortho-metalated orga-
noiridium compounds. The general access routes, the yields
achieved by them and their disadvantages will be laid out
briefly hereinbelow using the basic skeleton of the com-
pound class mentioned, fac-tris[2-(2-pyridinyl)-kN)phenyl-
kCliridium(III).

[0006] Starting from hydrated iridium(III) chloride and
2-phenylpyridine, fac-tris[2-(2-pyridinyl-kN)phenyl-kC]iri-
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dium(IIT) was obtained in an about 10% yield after a
complicated chromatographic purification process [K. A.
King, P. I. Spellane, R. J. Watts, J. Am. Chem. Soc., 1985,
107, 1431-1432].

[0007] K. Dedeian et al. describe a process starting from
iridium(III) tris(acetylacetonate) and 2-phenylpyridine, by
which  fac-tris[2-(2-pyridinyl-kN)phenyl-kC Jiridium(T1T)
was obtained in 45% yield. Analogously to the above-
described process, it is necessary in this process too to free
the product of impurities by chromatographic processes, and
in this case, required by the solubility behavior, halogenated
hydrocarbons are used [K. Dedeian, P. 1. Djurovich, F. O.
Garces, G. Carlson, R. J. Watts, Inorg. Chem., 1991, 30,
1685-1687].

[0008] In a third known process, di-u-chlorotetrakis[2-(2-
pyridinyl-kN)phenyl-kC]diiridium(IIT), which initially has
to be prepared in an approx. 72% yield from hydrated
iridium(T1T) chloride and 2-phenylpyridine [S. Spouse, K. A.
King, P. I. Spellane, R. J. Watts, J. Am. Chem. Soc., 1984,
106, 6647], is used as a reactant. This is then reacted with
2-phenylpyridine and double molar amounts of silver trif-
luoromethanesulfonate based on the di-p-chlorotetrakis|2-
(2-pyridinyl)-kN]phenyl-k C]di-iridium(I1T) compound.
After chromatographic purification, the authors obtain tris
[2-(2-pyridinyl-kN)phenyl-kCliridium(III) in 75% yield
[M. G. Colombo, T. C. Brunold, T. Riedener, H. U. Gudel,
Inorg. Chem., 1994, 33, 545-550]. In addition to the chro-
matographic purification which is again effected with the aid
of halogenated hydrocarbons, the use of double molar
amounts of silver trifluoromethanesulfonate based on the
di-p-chlorotetrakis| 2-(2-pyridinyl-kN)phenyl-kC]di-irid-
um(Ill) is disadvantageous, one reason being that silver
traces can barely be removed from the product.

[0009] The best process to date was described by P. Stossel
et al. in WO 02/060910. This process, consisting of the
reaction of iridium(III) tris(acetylacetonate) or of a similar
1,3-diketo chelate complex with a corresponding pyridine-
aryl or -heteroaryl compound in the presence of a dipolar
protic solvent with vigorous heating for a prolonged period
(>20 h), gives very good yields (up to 96%) and likewise
very good purities (>99.9%).

[0010] The description in this disclosure is very good; in
repeat experiments, it was also possible to reproduce the
appropriate results; however, it was noticeable that the
synthesis in some cases did not function as well and under
some circumstances no longer functioned at all at irregular
intervals or in the case of other ligands. The cause of this
was unclear for some time.

[0011] In the Table 1 below, these literature data are
compared for a better overview, including the comparative
experiment carried out in Example 1.

TABLE 1

Literature compatrison of known preparation processes

Reference 2

Reference 1 Literature Comp. Ex. Reference 3 Reference 4
Reactants IrCl; Ir(acac); Ir(acac); [Ir(ppy)-ClL Ir(acac);
2-phenylpyridine  2-phenylpyridine  2-phenylpyridine 2-phenylpyridine 2-phenylpyridine
Ag0,SCF,
Solvents 2-ethoxy- ethylene ethylene none ethylene
ethanol/ glycol glycol glycol

water
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TABLE 1-continued
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Literature comparison of known preparation processes

Reference 2

Reference 1 Literature Comp. Ex. Reference 3 Reference 4
Temperature — 196°-198° C. 196°-198° C. 110° C. reflux
Concentration 0.03 mol/l 0.02 mol/l 0.02 mol/l — 0.1 mol/l
of iridium
reactant
Molar ratio 1:4 1:6.3 1:6.3 1:15 1:10
of iridium
reactants to
2-phenylpyridine
Reaction time 24h 10 h 10h 24 h 60 h
Yield approx. 45% 39.3-44.0% 75% 92-96%
10%
as a by-
product of
[Ir(u-Cl)
(ppy)l
Purity by no data no data 94.0-96.0% no data >99.9%
HPLC

Reference 1: K. A. King, P. J. Spellane, R. J. Watts, J. Am. Chem. Soc., 1985, 107, 1431-1432. S. Spouse, K. A.

King, P. J. Spellane, R. J. Watts, J. Am. Chem. Soc., 1984, 106, 6647-6653.

Reference 2: K. Dedeian, P. I. Djurovich, F. O. Garces, G. Carlson, R. . Watts Inorg. Chem., 1991, 30, 1685-1687.
Reference 3: M. G. Colombo, T. C. Brunold, T. Riedener, H. U. Gudel Inorg. Chem., 1994, 33, 545-550.

Reference 4: P. Stossel et al., WO 02/060910.

[0012] From this overview, it can be seen easily that the
process according to reference 4 is distinctly superior to the
other known processes. However, the above-outlined prob-
lem of poor yield and of the occasional occurrence of
irreproducibility and problems when other ligands are used
arise.

[0013] It has now been found that, surprisingly, a process,
as described below, starting from IR complexes or mixtures
of such complexes or mixtures comprising such IR com-
plexes which do have acetylacetonate or diketonate ligands
but do not have the high symmetry of iridium(III) tris(acety-
lacetonate), has distinctly better yields and shorter reaction
times than the process according to reference 4. Moreover,
this in particular allowed the “inexplicable” reproducibility
problems outlined to be eliminated and impressively
increase the yields for further ligand systems.

[0014] The present invention provides a process for pre-
paring homoleptic Ir(Ill) complexes of the formula (I)

formula (I)

in which:

[0015] CyD is a cyclic group which contains at least one
donor atom, preferably nitrogen or phosphorus, via which
the cyclic group is bonded to the metal and which may in
turn bear one or more substituents R; the CyD and CyC
groups are joined together via a covalent bond,

[0016] CyC is a cyclic group which contains a carbon
atom via which the cyclic group is bonded to the metal
and which may in turn bear one or more substituents R;

[0017] R is the same or different at each instance and is H,
F, Cl, Br, I, NO,, CN, a straight-chain, branched or cyclic
alkyl or alkoxy group having from 1 to 20 carbon atoms,
in which one or more nonadjacent CH, groups may be
replaced by —O—, —S—, —NR'—, —CONR?,
—CO—0—, —CR'=CR'— or —C=C—, and in which
one or more hydrogen atoms may be replaced by F, or an
aryl, aryloxy, arylamine or heteroaryl group which has
from 4 to 14 carbon atoms and may be substituted by one
or more nonaromatic R radicals; where a plurality of
substituents R, both on the same ring and on the two
different rings, together may in turn form a further mono-
or polycyclic, aliphatic or aromatic ring system;

[0018] R!and R? are the same or different at each instance
and are H or an aliphatic or aromatic-hydrocarbon radical
having from 1 to 20 carbon atoms,

characterized by the reaction of an iridium(III)-containing
reactant which contains at least one diketonate structural
unit of the formula (II)

formula (IT)
R
— O\
R3 Ir
\ /
0]
R6

in which:

[0019] R* R®are the same or different at each instance and
are a linear, branched or cyclic alkyl group having 1-20
carbon atoms, in which one or more nonadjacent CH,
groups may be replaced by —O—, —S—, —NR'—,
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—CONR*—, —CO—0—, —CR'=CR!—or —C=C—,
and in which one or more hydrogen atoms may be
replaced by F or aromatic groups each having from 3 to
14 carbon atoms, or an aryl and/or heteroaryl group
having 3-20 carbon atoms or an alkoxy group OR',

[0020] R° is the same or different at each instance and is
a linear, cyclic or branched alkyl group having 1-20
carbon atoms, in which one or more nonadjacent CH,
groups may be replaced by —O—, —S—, —NR'—
—CONR*>—, —CO—O0—, —CR'=CR'— or —C=C—,
and in which one or more hydrogen atoms may be
replaced by F or aromatic groups each having from 3 to
14 carbon atoms, or an aryl and/or heteroaryl group
having 3-20 carbon atoms,

[0021] R'and R are the same or different at each instance
and are H or an aliphatic or aromatic hydrocarbon radical
having from 1 to 20 carbon atoms,

excluding homoleptic diketonate complexes of the formula
(I1) and compounds of the formula (IT) which contain two
ligands of the formula (III)

formula (11T)
DCy

CCy

where the CyC and CyD radicals in formula (III) are each as
defined under formula (I), with a compound of the for-

mula (IV)

formula (IV)
DCy

H—CCy

in which the CyD and CyC radicals are each as defined
under formula (I).

[0022] The diketone formed in the reaction is removed by
means of known methods and the target compound is
isolated.

[0023] A homoleptic complex is understood to mean a
complex in which only the same type of ligands are bonded
to a metal. The opposite would be a heteroleptic complex in
which different ligands are bonded to a metal.

[0024] The process according to the invention is illustrated
by scheme 1.
Scheme 1:
formula (IV)
DCy
Ir reactant
H—CCy
formula (I)
DCy
1|

CCy ;
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[0025] Preferred inventive iridium(IIl)-containing reac-
tants of the formula (I1) are characterized in that they contain
a structure of the formula (V)

B _ formula (V)
R} "
0 (V)2
R® / Ir/
_ \
0 Xn

where R*, R® and R® are each as defined under formula (IT)
and the iridium metal is hexacoordinated by the four oxygen
atoms of the diketonate ligands and two monodentate
ligands which may either be anionic (X) or uncharged (Y);
n may be 0, 1 or 2. The complex is negatively charged
(m=1-) when n equals 2, the complex is uncharged (m=0)
when n=1, and positively charged (m=1+) when n=0. The
monodentate X and Y ligands may be cis or trans relative to
one another.

[0026] Preferred inventive iridium(IIl)-containing reac-
tants contain a compound of the formula (V) in which X is
the same or different at each instance and is a fluoride,
chloride, bromide or iodide anion.

[0027] Particularly preferred iridium(11T)-containing reac-
tants contain a compound of the formula (XI)

_ _ formula (XI)
R I- g+
—0. X
RS Ir
\ \
o) X
6

where R*, R® and R° are each as defined under formula (I1),
X is the same or different at each instance and is a Cl, Br or
I anion, and E is an alkali metal cation, ammonium or
phosphonium ion. The monodentate X ligands may be cis or
trans relative to one another.

[0028] Preference is likewise given to iridium(I1I)-con-
taining reactants which contain a structure of the formula

VD

formula (VI)
R4
—0,
r—7Z

2
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where R*, R®, R® are each as defined under formula (IT) and
where 7, as a bidentate and/or bridging ligand, is bonded to
the iridium in a chelating manner and is either an uncharged
ligand Z°, for example bipyridine, phenanthroline, ethylene-
diamine, propylenediamine, or 2-, 3- or 4-aminopyridine, or
a monoanionic bidentate ligand Z', for example diketonate,
carboxylate, picolinate, aminocarboxylate or 1-ketoalkox-
ide, or a dianionic bidentate ligand Z*/for example oxalate,
malonate, phthalate, isophthalate, terephthalate, oxide or
peroxide. m is 1+ when Z=7° 0 when Z=Z', and 1- when
7=7>.

[0029] Preference is further given to inventive irid-
ium(11T)-containing reactants which contain structures of the
formula (VII)

0 (G), | Z

2

where R*, R® and R are each as defined under formula (I1)
and the ligand 7, instead of being bonded in a chelating
manner as in formula (VI), is bonded in a bridging manner,
so that a plurality of iridium metal atoms which are coor-
dinated simultaneously by two diketonate ligands are
bonded to form oligomer-like (0=2) and polymer-like struc-
tures (0 to 100 000). G is the same or different at each
instance and is either a monovalent anion X or an uncharged
monodentate ligand Y. n and p are the same or different at
each instance and are 0 or 1. Depending on the selection
between uncharged, monoanionic and dianionic, bidentate
and/or bridging ligands Z, and also between uncharged and
monoanionic, monodentate ligands as end groups G, the
resulting structures are multiply positively or negatively
charged or uncharged.

[0030] Preference is likewise given to inventive irid-

ium(III)-containing reactants which contain structures of the
formula (VIII)

formula (VIII)

i R R I
=0 Z O==
R I / \ g
T Ir’ R
\ / /
Y Gh (G Y
6 6

R4
0=
—0 Z 2 Ir RS
: /N — /
R \ Ir\ \Ir\ / 0 ’ 2

Jun. 29, 2006

in which R, R® and R® are each as defined under formula (I1)
and the ligand 7 which is bidentate and/or bonded in a
bridging manner and may be uncharged (Z°), monoanionic
(Z") or dianionic (7) joins two iridium metal atoms which
are already coordinated by two diketonate ligands bonded in
a chelating manner and may each also be bonded to a
monodentate uncharged or anionic ligand (G). n and p are
the same or different at each instance and are 0 or 1.

[0031] Suitable selection of the ligands Z and G gives rise
to structures of the formula (VIII) which may be singly or
doubly negatively charged (m=1- or 2-), or else singly or
doubly positively charged (m=1+ or 2+), or uncharged

formula (VII)
m

Gy

(m=0). The bridging ligand Z and the monodentate ligand G
may be bonded cis or trans relative to one another on the
iridium metal.

[0032] Preference is further given to inventive irid-
fum(TIT)-containing reactants which contain structures of the
formula (IX)

formula (IX)
R R b
RS - Ir/ Z\Ir - RS
\ 4NN/
RS ) R )

where R*, R’ and R® are each as defined under formula (II)
and the ligands Z may be bonded in a bridging manner over
two iridium metal atoms. Depending on the selection of Z,
the iridium-containing reactants may be doubly negatively
charged (m=2-) up to doubly positively charged (m=2+).
Single charges or uncharged iridium-containing reactants
are likewise possible. The iridium is additionally coordi-
nated by four oxygen atoms of the diketonate ligands.

[0033] Particular preference is given to iridium(I1T)-con-
taining reactants which contain structures of the formula
VD), (VI), (VIID) or (IX), characterized in that the
uncharged bidentate and/or bridging ligands Z° are the same



US 2006/0142604 Al

or different at each instance and are bipyridine, phenanthro-
line, ethylenediamine, propylenediamine, or 2-, 3- or 4-ami-
nopyridine.

[0034] Particular preference is likewise given to irid-
ium(III)-containing reactants which contain structures of the
formula (VI), (VI), (VIII) or (IX) characterized in that the
monoanionic bidentate and/or bridging ligands Z' are the
same or different at each instance and are acetylacetonate,
carboxylate, for example formate, acetate or propionate,
picolinate, aminocarboxylate, for example 2-aminoacetate
or 3-aminopropionate, 1-ketoalkoxides, for example
tropolonate, benzoin, azide, cyanate, isocyanate, thiocyan-
ate, isothiocyanate, halides, for example chloride, bromide
and iodide.

[0035] Particular preference is likewise given to irid-
ium(IIT)-containing reactants which contain structures of the
formula (VI), (VII), (VIII) or (IX) in which the dianionic
bidentate and/or bridging ligands 7> are oxalate, malonate,
phthalate, isophthalate, terephthalate, oxide or peroxide.

[0036] In addition, preference is likewise given to irid-
ium(III)-containing reactants which contain structures of the

formula (X)

formula (X)
Q
R* R*
—0 O0—
RS— \Ir/ R®
— >N
R4 R4
RG/ ’ R
—0 (=
R’ \ \Ir/ — RS>
| >N o=
RS RS
Q

where R*, R and R® are each as defined under formula (II)
and Q is a monoanionic monodentate ligand X or a f-dike-
tonate which is bonded to the metal via the carbon atom
between the two keto carbon atoms.

[0037] Particular preference is given to iridium (III)-con-
taining reactants which contain structures of the formula (X)
where Q is a fluoride, chloride, bromide or iodide ion.

[0038] Particular preference is given to iridium (III)-con-
taining reactants which contain structures of the formula
(V), (VII), (VIII) and/or (IX) and in which X is the same or
different at each instance and is a monovalent anion such as
OH~, F~,CI7,Br~, I, SCN-, CN~, SH™, SeH™, N, alkoxide,
nitrate, carboxylate of the formula R'COO"~, cyclopentadi-
enide (C;H;™) or hydride (H).

[0039] Particular preference is likewise given to irid-
tum(I1I)-containing reactants which contain structures of the
formula (V), (VII) and/or (VIII) and in which Y is the same
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or different at each instance and is an uncharged monoden-
tate ligand such as H,O, H,S, a dialkyl sulfide of the formula
(RY),S, a dialkyl sulfoxide (R'),SO, NH,, a primary, sec-
ondary or tertiary amine, an alcohol of the formula R'OH,
an ether of the formula (R"),0, a thiol of the formula R'SH,
pyridine, quinoline, a nitrile of the formula R'CN, CO, a
phosphine of the formula P(R'),, a phosphine oxide of the
formula OP(R"),, an arsine of the formula As(R") or a
phosphite of the formula P(OR"),.

[0040] Inventive iridium(IIl)-containing reactants are
likewise mixtures of at least 2 iridium(III)-containing reac-
tants which contain structures of the formula (II), or (V) to

XI).

[0041] The synthesis method illustrated here allows irid-
fum(11T) complexes of the formula (I) including the irid-
ium(TIT)-containing reactants (1) to (12) depicted by way of
example below to be prepared.

reactant (1)

Na

reactant (2)

reactant (3)
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-continued

reactant (4)

O~/ Mg

reactant (5)

Z
&

Vi O\(E L

— | o
;z\jJ(

)N

— I >N=

reactant (6)

reactant (7)
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-continued
reactant (8)

>:o
>=o

/N
I

o\/

T

o
o
|

\/
/N

|
Q
Q
|

=

]

reactant (9)
CF;
T 7
R\ 9 |
o | /N\
\Ir
o/ \
/ 0] 0]
0
F5C —
CF;
reactant (10)
— a -
0. Cl
/ \1/
/ r\ Na
—5 | 0
0]
\
reactant (11)
Cl
0] | 0
>
— ’\O_
Cl
reactant (12)



US 2006/0142604 Al

-continued
reactant (13)

—

[0042] Inventive reaction media are high-boiling dipolar-
protic solvents such as ethylene glycol or propylene glycol,
or else higher diols or polyalcohols, for example glycerol, or
else polyether alcohols such as polyethylene glycols, for
example PEG600 and PEG1000, and also their etherified
analogs, for example triethylene glycol dimethyl ether or
poly(ethylene glycol) dimethyl ether, and also NMP.

[0043] According to the invention, the reaction is carried
out within a temperature range of from 100° C. to 250° C.
According to the invention, the concentration of the irid-
tum(III)-containing reactant is in the range from 0.05 to 1.00
molar.

[0044] The inventive molar ratio of the iridium(IIT)-con-
taining reactant to the ligand of the formula (IV) is from 1:4
to 1:20; preference is given to a ratio of from 1:6 to 1:15;
particular preference is given to a ratio of from 1:8 to 1:12.

[0045] The preferred concentration of the reactant of the
formula (IV) is in the range from 0.50 to 10.00 molar, more
preferably in the range from 0.80 to 2.50 molar.

[0046] According to the invention, the reaction is carried
out within from 20 to 120 h, preferably in the range from 30
to 60 h. A reaction time less than that specified can have the
consequence of incomplete conversion of the iridium(IIT)-
containing reactant used, which can lead to yield losses and
to contamination of the product with iridium(I1I)-containing
reactant or intermediates.

[0047] As can be taken from the examples, some of the
compounds of the formula (I) are obtainable via a process
according to the prior art only in very moderate yields and
purities. The process according to the invention in some
cases actually opens up the route to iridium(IIT) complexes
of the formula (T).

[0048] This invention therefore further provides homolep-
tic Ir(I1I) complexes of the formula (I)

DCy
1|
CCy

formula (I)

3
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in which CyD, CyC, R, R and R? are each as defined under
formula (I), characterized in that they have been obtained by
the above-described process.

[0049] The compounds obtained by this process have over
the compounds according to the prior art that they have
greater purity, preferably greater than 99%, more preferably
greater than 99.5% (by NMR or HPLC), and are thus better
suited to electronic appliances.

[0050] The present invention is illustrated in detail by the
examples which follow without any intention to restrict it to
the examples. It is thus possible for those skilled in the art
in the field of organic synthesis, without any further inven-
tive activity, to carry out the inventive reactions on further
systems as described above.

EXAMPLES

Synthesis of tris-ortho-metallated organoiridium
compounds

[0051] The syntheses which follow were carried out up to
the workup under a dry pure nitrogen atmosphere or pure
argon atmosphere using carefully dried solvents. The reac-
tants used were purchased from Aldrich (ethylene glycol),
ABCR (Na[Ir(acac),Cl,]) and Heréus (iridium(IIT) acetylac-
etonate).

[0052] The ligands 1-phenylisoquinoline, 2-phenylpyri-
dine, 2-benzothiophen-2-ylpyridine were prepared by litera-
ture methods by Suzuki coupling from the corresponding
boronic acids and 2-bromopyridine or 1-chloroisoquinoline.

[0053] The syntheses are compiled in Table 2, Examples 1,
3 and 5 being comparative examples according to the prior
art, and Examples 2, 4 and 6 being inventive examples.

TABLE 2

Ir
content Iridium(III) -

Ex- (%  containing

ample Ligand*** by wt.) reactant Yield Purity
1* PPy 39.29 Ir(acac); 65.2-67.5%  >98%
2% PPy 39.69 Na[Ir(acac),Cl,]  90.1-93.6% >99.9%
3k piq 39.29 Ir(acac)y 40.3-42.8% »99.0%
44 piq 39.69 Na[lr(acac),Cl,]  87.9-91.7% >99.8%
e bip 39.29 Ir(acac)s 52.3-554%  >37.4%
G bip 39.69 Na[lr(acac),Cl,]  86.9-89.7% >99.1%

*40 h at 200° C., shorter reaction time than described in WO 02/060910
*%40 h at 180° C.

= ppy (2-phenylpyridine), btp (2-benzothiophen-2-ylpyridine), piq
(1-phenylisoquinoline)

Example 1 (Comparative Example)

fac-tris[ 2-(2-pyridinyl-kN)phenyl-kC Jiridium(TIT)
(according to: P. Stossel et al., WO 02/060910)

[0054] 4.90 g (10.0 mmol) of iridium(III) acetylacetonate
and 15.52 g (14.3 ml, 100 mmol) of 2-phenylpyridine were
added to 100 ml of degassed ethylene glycol. The suspen-
sion was heated under reflux (oil bath temperature 200-210°
C.) with good stirring for 40 h. After cooling to room
temperature, a mixture of 240 ml of ethanol and 60 ml of
aqueous 1N hydrochloric acid was poured with stirring into
the reaction mixture which contained the fac-tris[2-(2-py-
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ridinyl-kN)phenyl-kCliridium(III) product in the form of a
yellow, finely crystalline precipitate. After stirring for 5
minutes, the precipitate was filtered off with suction through
a glass suction filter (P3); the yellow, finely crystalline
precipitate was washed three times with 30 ml of a mixture
of ethanol and aqueous 1N hydrochloric acid (4:1, v:v), five
times with 30 ml of a mixture of ethanol and water (1:1, v:v)
and five times with 30 ml of ethanol, and subsequently dried
under high vacuum at 80° C. for 5 h and at 200° C. for 2 h.
The yield, at a purity of >98% by NMR, was 4.27-4.42 g,
corresponding to 65.2-67.5%.

[0055] '"H NMR (CDCL,): [ppm]=7.84 (m, 3H), 7.58 (m,
611), 7.48 (m, 3H), 6.82 (m, 6H), 6.69 (m, 6H).

Example 2 (Inventive)

fac-tris[ 2-(2-pyridinyl-kN)phenyl-kC Jiridium(III)

[0056] Procedure analogous to Example 1, except that
iridium(III) acetylacetonate was replaced by 4.84 g of
Na[Ir(acac),Cl,] (Ir content 39.69%) (10.0 mmol).

[0057] The yield, at a purity of >99.9% by HPLC, was
5.90-6.13 g, corresponding to 90.1-93.6%.

[0058] 'H NMR (CDCl,): [ppm]=see Example 1.
Example 3 (Comparative Example)

fac-tris[ 2-(2-isoquinolinyl-kN)phenyl-«Cirid-
um(1IT)

[0059] 4.90 g (10.0 mmol) of iridium(III) acetylacetonate
and 20.53 g (100 mmol) of 1-phenylisoquinoline were added
to 100 ml of degassed ethylene glycol. The suspension was
heated under reflux (oil bath temperature 180° C.) with good
stirring for 40 h. After cooling to room temperature, a
mixture of 240 ml of ethanol and 60 ml of aqueous 1N
hydrochloric acid was poured with stirring into the reaction
mixture which contained the fac-tris [2-(2-isoquinolinyl-
KN)phenyl-kCliridium(IIT) product in the form of a red,
finely crystalline precipitate. After stirring for 5 minutes, the
crystals were filtered off through a glass suction filter (P3);
the red, finely crystalline precipitate was washed three times
with 30 ml of a mixture of ethanol and aqueous 1N hydro-
chloric acid (4:1, v:v), five times with 30 ml of a mixture of
ethanol and water (1:1, v:v) and five times with 30 ml of
ethanol, and subsequently dried under high vacuum at 80° C.
for 5 h and at 200° C. for 2 h.

[0060] The yield, at a purity of >99.0% by HPLC, was
3.24-3.45 g, corresponding to 40.3-42.8%.

[0061] 'H NMR (CDCl,): [ppm]=8.96 (m, 3H), 8.19 (m,
3M), 7.73 (m, 3H), 7.63 (m, 6H), 7.15 (d, 3H), 7.10 (d, 31),
6.97 (m, 6H), 6.86 (m, 3H).

Example 4 (Inventive)
fac-tris[2-(1-isoquinolinyl-kN) phenyl-kClirid-
fum(11T)

[0062] Procedure analogous to Example 3, except that
iridium(11I) acetylacetonate was replaced by 4.84 g of
Na[Ir(acac),CL,] (Ir content 39.69%) (10.0 mmol).

[0063] The yield, at a purity of >99.8% by HPLC, was
7.08-7.38 g, corresponding to 87.9-91.7%.

[0064] 'H NMR (DMSO): [ppm]=see Example 3.
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Example 5 (Comparative Example)

fac-tris[ 2-(2-pyridinyl-kN)benzo[ b Jthien-3-y1-kC]
iridium(11I)

[0065] 4.90 g (10.0 mmol) of iridium(III) acetylacetonate
and 21.13 g (100 mmol) of 2-benzothien-2-ylpyridine were
added to 100 ml of degassed ethylene glycol. The suspen-
sion was heated under reflux (oil bath temperature 180° C.)
with good stirring for 40 h. After cooling to room tempera-
ture, a mixture of 240 ml of ethanol and 60 ml of aqueous
IN hydrochloric acid was poured with stirring into the
reaction mixture which contained the fac-tris[2-(2-pyridi-
nyl-kN)benzo[b]thien-3-yl-kCliridium(III) product in the
form of a red-brown, finely crystalline precipitate. After
stirring for 5 minutes, the crystals were filtered off through
a glass suction filter (P3); the red-brown, finely crystalline
precipitate was washed three times with 30 ml of a mixture
of ethanol and aqueous 1N hydrochloric acid (4:1, v:v), five
times with 30 ml of a mixture of ethanol and water (1:1, v:v)
and five times with 30 ml of ethanol, and subsequently dried
under high vacuum at 80° C. for 5 h and at 200° C. for 2 h.

[0066] The yield, at a purity of >37.4% by HPLC, was
4.30-4.56 g, corresponding to 52.2-55.4%.

[0067] 'H NMR (CD,CL,): [ppm]=7.73 (m, 3H), 7.53 (m,
6H) 735 (m, 3H), 7.05 (m, 3H), 6.76 (m, 3H), 6.63 (m, 3H),
6.56 (m, 3H).

Example 6 (Inventive)

fac-tris[ 2-(2-pyridinyl-kN)benzo[ b Jthien-3-yl-kC]
iridium(I1I)

[0068] Procedure analogous to Example 3, except that
iridium(III) acetylacetonate was replaced by 4.84 g of
Na[Ir(acac),CL,] (Ir content 39.69%) (10.0 mmol).

[0069] The yield, at a purity of >99.1% by HPLC, was
7.15-7.38 g, corresponding to 86.9-89.7%.

[0070] 'H NMR (CD,CL,): [ppm]=see Example 5.

1. A process for preparing homoleptic Ir(IIl) complexes of
the formula (I)

formula (T)

in which:

CyD is a cyclic group which contains at least one donor
atom via which the cyclic group is bonded to the metal
and which may in turn bear one or more substituents R;
the CyD and CyC groups are joined together via a
covalent bond;

CyC is a cyclic group which contains a carbon atom via
which the cyclic group is bonded to the metal and
which may in turn bear one or more substituents R;

R is the same or different at each instance and is H, F, Cl,
Br, I, NO,, CN, a straight-chain or branched or cyclic
alkyl or alkoxy group having from 1 to 20 carbon
atoms, in which one or more nonadjacent CH, groups



US 2006/0142604 Al

may be replaced by —O— —S— —NR'—
—CONR>~, —CO—0O—, —CR'=CR'— or
—C=C—, and in which one or more hydrogen atoms
may be replaced by F, or an aryl or heteroaryl group
which has from 4 to 14 carbon atoms and may be
substituted by one or more nonaromatic R radicals;
where a plurality of substituents R, both on the same
ring and on the two different rings, together may in turn
form a further mono- or polycyclic, aliphatic or aro-
matic ring system;

R! and R? are the same or different at each instance and
are H or an aliphatic or aromatic hydrocarbon radical
having from 1 to 20 carbon atoms,

characterized by the reaction of an iridium(IIl)-containing
reactant which contains at least one diketonate struc-
tural unit of the formula (II)

formula (II)
R4
=] O\
R’ Ir
\ /
(0]
RG

in which:

R* RS are the same or different at each instance and are
a linear, branched or cyclic alkyl group having 1-20
carbon atoms, in which one or more nonadjacent CH,
groups may be replaced by —O—, —S—, —NR'—,
—CONR*—, —CO—0O—, —CR'=CR'-~ or
—C=C—, and in which one or more hydrogen atoms
may be replaced by F or aromatic groups each having
from 3 to 14 carbon atoms, or an aryl and/or heteroaryl
group having 3-20 carbon atoms or an alkoxy group
OR',

R? is the same or different at each instance and is a linear,
branched or cyclic alkyl group having 1-20 carbon
atoms, in which one or more nonadjacent CH, groups
may be replaced by —O—, —S— —NR'—
—CONR*—, —CO—0—, —CR'=CR'~ or
—C=C—, and in which one or more hydrogen atoms
may be replaced by F or aromatic groups each having
from 3 to 14 carbon atoms, or an aryl and/or heteroaryl
group having 3-20 carbon atoms,

R' and R? are the same or different at each instance and
are H or an aliphatic or aromatic hydrocarbon radical
having from 1 to 20 carbon atoms,

excluding homoleptic diketonate complexes of the for-
mula (II) and compounds of the formula (II) which
contain two ligands of the formula (III)

formula (I1I)
DCy

CCy
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where the symbols CyC and CyD in formula (III) are each
as defined under formula (I),

with a compound of the formula (IV)

formula (IV)
DCy

H—CCy

in which the symbols CyD and CyC are each as defined
under formula (I).
2. The process as claimed in claim 1, characterized in that
the iridium(IIT)-containing reactant contains a structure of
the formula (V)

B _ formula (V)
R "
0 (Y)2n
R / Ir/
_ \
0 X)n

where the symbols R*, R® and R® are each as defined in claim
1 ’

X is the same or different at each instance and is a
monovalent anion,

Y is the same or different at each instance and is an
uncharged monodentate ligand,

nis 0, 1 or 2 and

m is 1- when n=2, is 0 when n=1 or is 1+ when n=0.

3. The process as claimed in claim 1, characterized in that
the iridium(I1I)-containing reactant contains a structure of
the formula (VI)

formula (VI)
R4
—0
R’ \

RS

r—7Z
9]

where R*, R and RS are each as defined in claim 1 and
where

Z is the same or different at each instance and is
and uncharged bidentate and/or bridging ligand Z°,
a monoanionic bidentate and/or bridging ligand 7'
or a dianionic bidentate and/or bridging ligand 7, and

m is 1+ when Z=7°, is 0 when Z=7" and is 1- when Z=7".
4. The process as claimed in claim 1, characterized in that

the iridium(I1I)-containing reactant contains a structure of
the formula (VII)
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_ : y _
O=—
RS
R 0 /
—0 z RS 2
AP
T
\ 0 >G>n | T~ p
RS 5

where R*, R and R® are each as defined in claim 1,

G is the same or different at each instance and is either a
monovalent anion X or an uncharged monodentate
ligand Y,

7 is the same or different at each instance and is
and uncharged bidentate and/or bridging ligand Z°,
a monoanionic bidentate and/or bridging ligand Z'
or a dianionic bidentate and/or bridging ligand 77,

n and p are the same or different at each instance and are
Oorl,

o can assume integer values from 0 to 100 000 and

m may be from (0+2)+ to (0+2)-.

5. The process as claimed in claim 1, characterized in that
the iridium(III)-containing reactant contains a structure of
the formula (VIII)

formula (VIII)
R4 R4 T m
—0. Z (S —
R Ir/ \Ir R’
\ /
Y (G () 0
6 6

where the symbols and indices R, R® and R® are each as
defined in claim 1, and in which

G is the same or different at each instance and is either a
monovalent anion X or an uncharged monodentate
ligand Y

Z is the same or different at each instance and is
and uncharged bidentate and/or bridging ligand 7°,
a monoanionic bidentate and/or bridging ligand Z'
or a dianionic bidentate and/or bridging ligand 7>,

n and p are the same or different at each instance and are
Oorl,and

mis 2+, 1+, 0, 1- or 2-.

R4
00—
Ir R
" . /
RS 5
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formula (VII)

m

6. The process as claimed in claim 1, characterized in that
the iridium(I1I)-containing reactant contains a structure of

the formula (IX)

formula (IX)
R R i
R’ - Ir/ Z\Ir = R’
\ NN/
RS R RS R

where the symbols R', R?, R* R® and R® are each as defined

in claim 1 and in which
7. is the same or different at each instance and is
and uncharged bidentate and/or bridging ligand Z°,

a monoanionic bidentate and/or bridging ligand 7"

or a dianionic bidentate and/or bridging ligand Z* and

mis 24, 1+, 0, 1- or 2-.

7. The process as claimed in claim 1, characterized in that
the iridium(I1T)-containing reactant contains a structure of

the formula (X)

formula (X)

Q

R R*

RS — _O\Ir/ = R’
S
R R6/ , R
N

\ \O%
RS RS

fol



US 2006/0142604 Al

where the symbols R*, R® and R® are each as defined in claim
1 and where

Q is the same or different at each instance and is a
monovalent anion.
8. The process as claimed in claim 1, characterized in that
the iridium(IIT)-containing reactant contains a compound of
the formula (V), (VII) and/or (VIII)

_ formula (V)
R i
0 (Y
R’ / Ir/
. \
Y X

wherein

R* and R are the same or different at each instance and
are a linear, branched or cyclic alkyl group having 1-20
carbon atoms, in which one or more nonadjacent CH,
groups may be replaced by —O—, —S—, —NR'—,
—CONR*—, —CO—0—, —CR'=CR'— or
—C=C—, and in which one or more hydrogen atoms
may be replaced by F or aromatic groups each having
from 3 to 14 carbon atoms, or an aryl and/or heteroaryl
group having 3-20 carbon atoms or an alkoxy group
OR',

R? is the same or different at each instance and is a linear,
branched or cyclic alkyl group having 1-20 carbon
atoms, in which one or more nonadjacent CH, groups
may be replaced by —O— —S— —NR'—,
—CONR*—, —CO—0—, —CR=CR'— or
—C=C—, and in which one or more hydrogen atoms
may be replaced by F or aromatic groups each having
from 3 to 14 carbon atoms, or an aryl and/or heteroaryl
group having 3-20 carbon atoms,

Y is the same or different at each instance and is an
uncharged monodentate ligand,

nis 0, 1 or 2 and

m is 1- when n=2, is 0 when n=1 or is 1+ when n=0,

Ny

\
0 (G —o
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where R* R® and R are each as defined above,

G is the same or different at each instance and is either a
monovalent anion X or an uncharged monodentate
ligand Y,

Z is the same or different at each instance and is
and uncharged bidentate and/or bridging ligand Z°,
a monoanionic bidentate and/or bridging ligand 7"
or a dianionic bidentate and/or bridging ligand 72,

n and p are the same or different at each instance and are
Oorl,

o can assume integer values from 0 to 100 000 and

m may be from (0+2)+ to (0+2)-,

formula (VIII)
R* R¢ "
RS Ir Ir RS

/
0 Gh G} o

where the symbols and indices R*, R® RS, G, Z, n and p
are each as defined above and in which

mis 24, 1+, 0, 1- or 2-

and X is the same or different at each instance and is OH™,
F~,CI7,Br, I, SCN-, CN~, SH™, SeH", an alkoxide of
the formula R'O~, nitrate, a carboxylate of the formula
R'COO", cyclopentadienide (CHy™) or hydride (H").
9. The process as claimed in claim 1, characterized in that

the iridium(I1T)-containing reactant contains a compound of
the formula (V), (VII) and/or (VIII)

formula (VII)

m
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formula (V)

m

wherein

R* and R® are the same or different at each instance and
are a linear, branched or cyclic alkyl group having 1-20
carbon atoms, in which one or more nonadjacent CH,
groups may be replaced by —O—, —S—, —NR'—,
—CONR>~, —CO—0O—, —CR'=CR'— or
—C=C—, and in which one or more hydrogen atoms
may be replaced by F or aromatic groups each having
from 3 to 14 carbon atoms, or an aryl and/or heteroaryl
group having 3-20 carbon atoms or an alkoxy group
OR!,

R® is the same or different at each instance and is a linear,
branched or cyclic alkyl group having 1-20 carbon
atoms, in which one or more nonadjacent CH, groups
may be replaced by —O— —S— —NR'—
—CONR*>—~, —CO—0—, —CR'=CR'— or
—C=C—, and in which one or more hydrogen atoms
may be replaced by F or aromatic groups each having
from 3 to 14 carbon atoms, or an aryl and/or heteroaryl
group having 3-20 carbon atoms,

nis 0, 1 or 2 and

m is 1- when n=2, is 0 when n=1 or is 1+ when n=0

12
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n and p are the same or different at each instance and are
Oorl,

o can assume integer values from 0 to 100 000 and

m may be from (0+2)+ to (0+2)-,

formula (VIIT)

m

2 2

where the symbols and indices R*, R’ RS, G, Z, n and p
are each as defined above and in which

mis 24, 0, 1- or 2—-,

and Y is the same or different at each instance and is H,O,
H.S, a dialkyl sulfide of the formula (R"),S, a thiol of
the formula R'SH, an alcohol of the formula R'OH, an
ether of the formula (R'),0, a dialkyl sulfoxide
(R1),S0, NHs,, a primary, secondary or tertiary amine,
pyridine, quinoline, a nitrile of the formula R'CN, CO,
a phosphine of the formula P(R'),, a phosphine oxide
of the formula OP(R'),, an arsine of the formula
As(Ri); or a phosphite of the formula P(OR")s.

10. The process as claimed in claim 1, characterized in

that the iridium(I1T)-containing reactant is a compound of
the formula (VI), (VII), (VIII) and/or (IX)

0 (G

—0 Z RS 2
/"
5
R \ Ir\ :Ir\z /_

where R, R® and R® are each as defined above,

0

G is the same or different at each instance and is either a
monovalent anion X or an uncharged monodentate

ligand Y,

7. is the same or different at each instance and is

and uncharged bidentate and/or bridging ligand Z°,

a monoanionic bidentate and/or bridging ligand Z'

or a dianionic bidentate and/or bridging ligand 7>,

formula (VII)
m
R4
O0=—
RS
od
6
R 2
B formula (VI)
R "
—0
R’ \ r—7Z
(0)
6
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where R*, R® and R® are each as defined in claim 1 and
where

Z is the same or different at each instance and is
and uncharged bidentate and/or bridging ligand 7°,
a monoanionic bidentate and/or bridging ligand Z'
or a dianionic bidentate and/or bridging ligand Z>, and

mis 1+ when Z=7°, is 0 when Z=7" and is 1- when Z=72,

_ y
00—
RS
R Y /
—0 z RS
R’ Ir/ \\I /2
I
\ 0 }G)n | T~z ,
RS R

where R, R and R® are each as defined in claim 1,

G is the same or different at each instance and is either a
monovalent anion X or an uncharged monodentate
ligand Y,

n and p are the same or different at each instance and are
Oorl

o0 can assume integer values from 0 to 100 000 and

m may be from (0+2)+ to (0+2)-

formula (VIII)

m

R? Ir Ir R’
\ Y Yot

2 2

where the symbols and indices R*, R® and RS, G, Z, n and
p are each as defined above,

mis 2+, 1+, 0, 1- or 2—

formula (IX)
i R R* ju
—0, Z 00—
R® \ Ir< >Ir / R’
0] Z 0
i R® R RS 2 |
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formula (VII)

m

where the symbols R*, R?, R* R>, R® and Z are each as
defined in claim 1 and in which

mis 24, 1+, 0, 1- or 2-

and 7° is the same or different at each instance and is

bipyridine, phenanthroline, ethylenediamine, propy-
lenediamine, or 2-, 3- or 4-aminopyridine.

11. The process as claimed in claim 1, characterized in

that the iridium(I1I)-containing reactant is a compound of
the formula (VI), (VII), (VIII) and/or (IX) and

formula (VI)

where R*, R® and RS are each as defined in claim 1 and
where

Z is the same or different at each instance and is
and uncharged bidentate and/or bridging ligand Z°,
a monoanionic bidentate and/or bridging ligand 7'
or a dianionic bidentate and/or bridging ligand Z°, and

mis 1+ when Z=7°, is 0 when Z=7" and is 1- when Z=72,
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_ formula (VII)
[ o o, ’
0=—
R R*
R Y / 0—
—0 z P P R
RS \ Ir\/ \\Ir / 0 /
ol @ L o R,
RS R

where R?, R and R® are each as defined in claim 1,

G is the same or different at each instance and is either a
monovalent anion X or an uncharged monodentate
ligand Y,

n and p are the same or different at each instance and are
Oorl,

o0 can assume integer values from 0 to 100 000 and
m may be from (0+2)+ to (0+2)-

formula (VIII)

R R* i
—0 Z 00—
R3 \ Ir\/ \/Ir / R3
0 Gh (G 0
i RS R RS |

where the symbols and indices R*, R and R®, G, Z, nand
p are each as defined above,

mis 24, 1+, 0, 1- or 2-

where the symbols R', R?, R* R>, R® and Z are each as
defined in claim 1 and in which

mis 2+, 1+, 0, 1- or 2-,

7' is the same or different at each instance and is dike-
tonate, carboxylate, picolinate, aminocarboxylate,
1-ketoalkoxides, azide, cyanate, isocyanate, thiocyan-
ate, isothiocyanate, chloride, bromide and iodide.

12. The process as claimed in claim 1, characterized in
that the iridium(III)-containing reactant is a compound of
the formula (VI), (VII), (VIII) and/or (IX) and

formula (VI)

Ir—2

where R* R® and RS are each as defined in claim 1 and

formula (IX) where
R R " Z is the same or different at each instance and is
Z . L .
=0 / \ 0= and uncharged bidentate and/or bridging ligand Z°,
R’ Ir Ir R’
\ o \Z/ o / a monoanionic bidentate and/or bridging ligand Z*
RS , RS , or a dianionic bidentate and/or bridging ligand Z2, and
mis 1+ when Z=7°, is 0 when Z=7" and is 1- when Z=77,
. formula (VII)
R* (&
0=
/ RS R4
R* 0 0=
Z R6 I RS
—0 / \ 2 / T /
: \ II\ \Ir / ©
ol @ L 2 |, L
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where R*, R® and R are each as defined in claim 1,

G is the same or different at each instance and is either a
monovalent anion X or an uncharged monodentate
ligand Y,

n and p are the same or different at each instance and are
Oorl,

0 can assume integer values from 0 to 100 000 and

m may be from (0+2)+ to (042)-

15
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13. The process as claimed in claim 1, characterized in

that the iridium(I1T)-containing reactant is a compound of
the formula (VI), (VII), (VIII) and/or (IX)

formula (VI)

Ir—7

where R*, R® and R are each as defined in claim 1 and
where

formula (VIII)
R R* I
—0 Z (=
5 N 5
R Ir Ir R
\ / /
Y Gh (G 0
6 6
R 2 R 2|
O=—
R4 ]

where the symbols and indices R*, R® and RS, G, Z, n and
p are each as defined above,

mis 2+, 1+, 0, 1- or 2—

formula (IX)
R R I
RS — Ir/ Z\Ir = R’
\ NN
R s RS s

where the symbols R', R, R*, R®, R® and Z are each as

defined in claim 1 and in which
mis 24, 1+, 0, 1- or 2-,

7' is the same or different at each instance and is acety-
lacetonate or acetate.

—0 Z RS >
/ \
Ir (6]
\ \ ilr\z/_

7 is the same or different at each instance and is
and uncharged bidentate and/or bridging ligand Z°,
a monoanionic bidentate and/or bridging ligand 7'
or a dianionic bidentate and/or bridging ligand Z2, and

mis 1+ when Z=Z°, is 0 when Z=Z" and is 1 - when Z=77,

formula (VII)
m

Gy

RS R4
00—
/Ir / R?
0 Ly 2

R* R’ and R are each as defined in claim 1,

G is the same or different at each instance and is either a
monovalent anion X or an uncharged monodentate
ligand Y,

n and p are the same or different at each instance and are
Oorl,

o0 can assume integer values from 0 to 100 000 and

m may be from (0+2)+ to (0+2)-

formula (VIIT)
R* R* ik
—0 Z 0=
5 7N :
R Ir Ir R
\ /
0 Gh (G 0
6 6
R 5 R 2 |
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where the symbols and indices R*, R* and R®, G, Z, n and
p are each as defined above,

mis 2+, 1+, 0, 1- or 2—

formula (IX)
i R R* I
R’ - Ir/ Z\Ir = R’

\ NN/

RS s RS s

where the symbols R*, R?, R*, R*, R® and Z are each as
defined in claim 1 and in which

mis 2+, 1+, 0, 1- or 2-, and

77 is the same or different at each instance and is oxalate,
malonate, phthalate, isophthalate, terephthalate, oxide
or peroxide.

14. The process as claimed in claim 7, characterized in
that the iridium(III)-containing reactant is a compound of
the formula (X) in which Q is Cl, Br, T or a diketonate.

15. The process as claimed in claim Iclaim 2, character-
ized in that the iridium(11I)-containing reactant is a com-
pound of the formula (V) in which X is the same or different
at each instance and is a Cl, Br or I anion.

16. The process as claimed in claim 1, characterized in

that the iridium(III)-containing reactant contains a com-
pound of the formula (XI)

formula (XT)
B R? g
O X
Y / Ir/
\
—0 X
6

where R', R?, R*, R and R® are each as defined in claim 1,
X is the same or different at each instance and is a Cl, Br or
I anion, and E is an alkali metal cation, ammonium or
phosphonium ion.

17. The process as claimed in claim 1, characterized in
that the iridium(I1l)-containing reactant used contains a
mixture of at least 2 iridium(I1I)-containing reactants of the
formula (II), or (V) to (XI)

Jun. 29, 2006
B _ formula (V)
R* "
0 (Y)Z-n
R? / Ir/
\
—0 X

wherein

R* and R® are the same or different at each instance and
are a linear, branched or cyclic alkyl group having 1-20
carbon atoms, in which one or more nonadjacent CH,
groups may be replaced by —O—, —S—, —NR'—,
—CONR*>—~, —CO—0—, —CR'=CR'— or
—C=C—, and in which one or more hydrogen atoms
may be replaced by F or aromatic groups each having
from 3 to 14 carbon atoms, or an aryl and/or heteroaryl
group having 3-20 carbon atoms or an alkoxy group
OR',

R? is the same or different at each instance and is a linear,
branched or cyclic alkyl group having 1-20 carbon
atoms, in which one or more nonadjacent CH, groups
may be replaced by —O—, —S—, —NR'—,
—CONR*—, —CO—0—, —CR'=CR'— or
—C=C—, and in which one or more hydrogen atoms
may be replaced by F or aromatic groups each having
from 3 to 14 carbon atoms, or an aryl and/or heteroary!
group having 3-20 carbon atoms.

Y is the same or different at each instance and is an
uncharged monodentate ligand,

nis 0, 1 or 2 and

m is 1- when n=2, is 0 when n=1 or is 1+ when n=0

formula (VI)

r—2Z

where R*, R and R® are each as defined in claim 1 and
where

Z is the same or different at each instance and is
and uncharged bidentate and/or bridging ligand Z°,
a monoanionic bidentate and/or bridging, ligand Z*
or a dianionic bidentate and/or bridging ligand 72, and

mis 1+ when Z=7°, is 0 when Z=7" and is 1- when Z=72,
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where R*, R® and RS are each as defined in claim 1,

G is the same or different at each instance and is either a
monovalent anion X or an uncharged monodentate
ligand Y,

n and p are the same or different at each instance and are
Oorl,

o can assume integer values from 0 to 100 000 and

m may be from (0+2)+ to (0+2)-

formula (VIII)

R R*

m

0 G Gk 0

2 2

where the symbols and indices R*, R® and R®, G, Z, n and
p are each as defined above

mis 2+, 1+, 0, 1- or 2-

formula (IX)
i R R* I
—0 z 0=
R® \ Ir< >Ir / R®
O Z O
i R® s RS : |

where the symbols R', R%, R*, R’, R® and Z are each as
defined in claim 1 and in which

mis 24, 1+, 0, 1- or 2—, and

R*
0=
—0 Z ) Ir RS
: /N sl
¢ \ Ir\ \Ir\z/ RS ,
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formula (VII)
©) "’
formula (X)
R* 7 R*
—0 (00—
R3— >Ir< / RS
—0 (6]
4
N Rﬁ/ 2 RS
—Q 0=
R’ I_r< —R°

o

where the symbols R* R and R® are each as defined in
claim 1 and where

Q is the same or different at each instance and is a
monovalent anion

_ formula (XI)
R4 1- El+
/ @) /X
RS If
—0 X
6

where RY, R%, R*, R® and R® are each as defined in claim

1, X is the same or different at each instance and is a CI,

Br or I anion, and E is an alkali metal cation, ammo-
nium or phosphonium ion.

18. The process as claimed in claim 1, characterized in

that the reactant used is a mixture which comprises at least

one iridium(IIl)-containing reactant of the formula (II), or

(V) to (XI)



US 2006/0142604 Al

18

_ _ formula (V)
R "
O ()2
R® / Ir/
o \
Y X
0=
R4 0]
—0 z
R’ h~/
\ \
0 (G)y L
- RG 2

wherein

R* and R® are the same or different at each instance and
are a linear, branched or cyclic alkyl group having 1-20
carbon atoms, in which one or more nonadjacent CH,
groups may be replaced by —O—, —S—, —NR'—,
—CONR*>~, —CO—0O—, —CR'=CR'— or
—C=C—, and in which one or more hydrogen atoms
may be replaced by F or aromatic groups each having
from 3 to 14 carbon atoms, or an aryl and/or heteroaryl
group having 3-20 carbon atoms or an alkoxy group

R® is the same or different at each instance and is a linear,
branched or cyclic alkyl group having 1-20 carbon
atoms, in which one or more nonadjacent CH, groups
may be replaced by —O— —S— —NR'—,
—CONR*>—, —CO—0—, —CR'=CR'— or
—C=C—, and in which one or more hydrogen atoms
may be replaced by F or aromatic groups each having
from 3 to 14 carbon atoms, or an aryl and/or heteroaryl
group having 3-20 carbon atoms,

Y is the same or different at each instance and is an
uncharged monodentate ligand,

nis 0, 1or2 and

m is 1- when n=2, is 0 when n=1 or is 1+ when n=0
formula (VI)

m

Ir—Z

Jun. 29, 2006

where R* R® and R® are each as defined in claim 1 and
where

7 is the same or different at each instance and is
and uncharged bidentate and/or bridging ligand Z°,
a monoanionic bidentate and/or bridging ligand 7*
or a dianionic bidentate and/or bridging ligand 77, and

mis 1+ when Z=7°, is 0 when Z=7" and is 1- when Z=77,

formula (VII)

m

where R*, R® and R are each as defined in claim 1,

G is the same or different at each instance and is either a
monovalent anion X or an uncharged monodentate
ligand Y,

n and p are the same or different at each instance and are
Oorl,

0 can assume integer values from 0 to 100 000 and

m may be from (0+2)+ to (0+2)-

formula (VIII)
B R 4 e
—0 Z 0=
R Ir/ \Ir R’
\ /
0 Gh (G 0
6 6

where the symbols and indices R*, R and R®, G, Z, n and
p are each as defined above,

mis 24, 1+, 0, 1- or 2-



US 2006/0142604 Al

formula (IX)
I R} R iE
R’ - Ir/ Z\Ir o R’

\ NN
RS R R® s

where the symbols R', R?, R*, R*, R® and Z are each as
defined in claim 1 and in which

m is 24, 1+, 0, 1- or 2—, and

formula (X)

where the symbols R*, R® and R° are each as defined in
claim 1 and where

Q is the same or different at each instance and is a
monovalent anion

_ _ formula (XI)
R4 1- EH
/ 0. /X
R’ It
\
—Q X
6
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where R, R?, R*, R® and R® are each as defined in claim
1. X is the same or different at each instance and is a Cl,
Br or I anion, and E is an alkali metal cation, ammo-
nium or phosphonium ion.

19. Homoleptic Ir(IIT) complexes of the formula (1) for-

mula (I)
DCy
Ir |
CCy B

CyD is a cyclic group which contains at least one donor
atom via which the cyclic group is bonded to the metal
and which may in turn bear one or more substituents R;
the CyD and CyC groups are joined together via a
covalent bond;

formula (I)

in which:

CyC is a cyclic group which contains a carbon via which
the cyclic group is bonded to the metal and which may
in turn bear one or more substituents R;

R is the same or different at each instance and is H, F, Cl,
Br, NO,, CN, a straight-chain or branched or cyclic
alkyl or alkoxy group having from 1 to 20 carbon
atoms, in which one or more nonadjacent CH, groups
may be replaced by —O—, —S— —NR'—
—CONR*—~, —CO—0O—, —CR'=CR'— or
—C=C—, and in which one or more hydrogen atoms
may be replaced by F, or an aryl or heteroaryl group
which has from 4 to 14 carbon atoms and may be
substituted by one or more nonaromatic R radicals;
where a plurality of substituents R, both on the same
ring and on the two different rings, together may in turn
form a further mono- or polycyclic, aliphatic or aro-
matic ring system;

R' and R? are the same or different at each instance and
are H or an aliphatic or aromatic hydrocarbon radical
having from 1 to 20 carbon atoms,

characterized in that they have been obtained by a process
as claimed in claim 1.
20. Homoleptic Ir(IIT) complexes as claimed in claim 19,
characterized in that their purity is >99%.
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