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(57) ABSTRACT 
Compounds and compositions are provided that can be used 
as electron transport agents in organic electronic devices 
such as organic electroluminescent devices. The compounds 
are non-polymeric and have an aromatic core conjugated to 
end capping groups. The aromatic core contains an arylene 
group having a pendant heteroaryl group that includes a 
4C=Ni unit. 
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ELECTRON TRANSPORT AGENTS FOR 
ORGANIC ELECTRONIC DEVICES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. Ser. No. 
10/413,653, ?led Apr. 15, 2003, noW allowed, the disclosure 
of Which is incorporated by reference in its entirety herein 

TECHNICAL FIELD 

[0002] This invention relates to compounds, composi 
tions, organic electronic devices, and methods for preparing 
organic electronic devices. More particularly, the invention 
relates to compounds and compositions that can be used as 
electron transport agents in organic electronic devices such 
as organic electroluminescent devices. 

BACKGROUND 

[0003] Organic electroluminescent (OEL) devices such as 
organic light emitting diodes (OLEDs) are desirable for use 
in electronic media because of their thin pro?le, loW Weight, 
capability of obtaining a Wide variety of emission colors, 
and loW driving voltage. OLEDs have potential use in 
applications such as backlighting of graphics, pixelated 
displays, and large emissive graphics. 

[0004] There is continuing research and development of 
electroluminescent materials, electroactive materials, and 
charge transporting materials suitable for such devices and 
methods for making the devices. In some instances, mate 
rials can be selected or developed Which facilitate one or 
more of these device preparation methods. Pattern-Wise 
thermal transfer of materials from donor sheets to receptor 
substrates has been proposed as one method for forming 
OEL devices. Selective thermal transfer of organic light 
emitters for formation of organic electroluminescent devices 
has been shoWn to be particularly useful. 

[0005] Molecular oxadiaZole and triaZole derivatives have 
been used as electron transport/hole blocking materials in 
OLED devices. One oxadiaZole derivative commonly used 
is 2-(4-biphenyl)-5-(4-t-butylphenyl)-1,3,4-oxadiaZole 
(PBD). One triaZole derivative commonly used is 3-(-4 
biphenylyl) -4 -phenyl-5-(4 -tert-butylphenyl) 1 ,2,4-triaZole 
(TAZ). HoWever, OLED devices employing PBD or TAZ 
often exhibit short operating lifetimes due to recrystalliZa 
tion of or aggregate formation by the PBD or TAZ, leading 
to phase separation and formation of charge carrier traps that 
inhibit emission. 

[0006] In an effort to mitigate these problems in blended 
polymer systems, several groups have reported bonding an 
electron transporting structure such as PBD to a ?exible 
polymer chain, resulting in amorphous materials. For 
example, polymethylmethacrylates bearing oxadiaZole side 
chains have been reported. HoWever, operating lifetimes for 
devices based on these materials Were found to be extremely 
short due to PBD aggregation (e.g., see Strukelj et al., 
Science, 267, 1969, (1995)). 

SUMMARY OF THE INVENTION 

[0007] This invention relates to compounds, composi 
tions, organic electronic devices, and methods for preparing 
organic electronic devices. More particularly, the invention 
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relates to compounds and compositions that contain an 
arylene group having a pendant heteroaryl group that 
includes a iC=Ni unit. The compounds can be used as 
electron transport agents in organic electronic devices such 
as organic electroluminescent devices. One aspect of the 
invention provides a compound having an aromatic core and 
tWo end capping groups that are conjugated to the aromatic 
core according to Formula I: 

Wherein 

[0008] each Arl is independently a phenylene group 
arylene or a naphthalene group arylene that is unsubstituted 
or substituted With one or more groups selected from alkyl, 
alkenyl, alkoxy, aryl, aryloxy, ?uoro, ?uoroalkyl, per?uo 
roalky, heteroalkyl, heteroaryl, and combinations thereof, 

[0009] 
[0010] each Ey is independently a structure of Formula II 
or Formula III: 

each a is independently 1 or 2; 

[0011] each X is independently O, S, or NR1, where R1 is 
alkyl, aryl, heteroaryl, heteroalkyl, or combinations thereof; 

[0012] each Ar2 is independently a carbocyclic aryl group 
that is unsubstituted or substituted With one or more groups 

selected from alkyl, alkenyl, alkoxy, aryl, aryloxy, ?uoro, 
?uoroalkyl, per?uoroalkyl, heteroalkyl, heteroaryl, alkyl 
oxadiaZolyl, aryl oxadiaZolyl, alkyl triaZolyl, aryl triaZolyl, 
diarylamino, aryldiarylamino, and combinations thereof, 

[0013] each asterisk (-*) indicates the location of a bond to 
another group in the compound; 

[0014] n is an integer equal to 1 or 2; and 

[0015] each end capping group (EC) is independently a 
carbocyclic aryl, heteroaryl, or tertiary amino aryl group that 
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is unsubstituted or substituted With one or more groups 

selected from alkyl, alkenyl, alkoxy, aryl, aryloxy, ?uoro, 
?uoroalkyl, per?uoroalkyl, heteroalkyl, heteroaryl, and 
combinations thereof, Wherein no more than one EC is a 
group of Formula II or Formula III. 

[0016] Another aspect of the invention provides a com 
position that includes a compound according to Formula I in 
combination With at least one other compound that is a 
charge transporting material, charge blocking material, light 
emitting material, color conversion material, polymeric 
binder, or combination thereof. 

[0017] Yet another aspect of the invention provides an 
organic electronic device that includes a compound accord 
ing to Formula I. In some embodiments, the organic elec 
tronic device is an organic electroluminescent device. 

[0018] Additionally, the invention provides a method of 
making an organic electroluminescent device. The method 
includes (1) preparing a donor sheet that includes a transfer 
layer containing a compound according to Formula I and (2) 
transferring the transfer layer to a surface of a receptor 
substrate. 

[0019] The above summary of the present invention is not 
intended to describe each disclosed embodiment or every 
implementation of the present invention. The Figures and 
the detailed description that folloW more particularly exem 
plify these embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The invention may be more completely understood 
in consideration of the folloWing detailed description of 
various embodiments of the invention in connection With the 
accompanying draWings, in Which: 

[0021] FIG. 1 is a schematic side vieW of an organic 
electroluminescent display construction; 

[0022] FIG. 2 is a schematic side vieW of a donor sheet for 
transferring materials; 

[0023] FIG. 3 is a schematic side vieW of an organic 
electroluminescent display; 

[0024] FIG. 4A is a schematic side vieW ofa ?rst embodi 
ment of an organic electroluminescent device; 

[0025] FIG. 4B is a schematic side vieW of a second 
embodiment of an organic electroluminescent device; 

[0026] FIG. 4C is a schematic side vieW ofa third embodi 
ment of an organic electroluminescent device; and 

[0027] FIG. 4D is a schematic side vieW of a fourth 
embodiment of an organic electroluminescent device. 

[0028] While the invention is amenable to various modi 
?cations and alternative forms, speci?cs thereof have been 
shoWn by Way of example in the draWings and Will be 
described in detail. It should be understood, hoWever, that 
the intention is not to limit the invention to the particular 
embodiments described. On the contrary, the intention is to 
cover all modi?cations, equivalents, and alternatives falling 
Within the spirit and scope of the invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

De?nitions 

[0029] As used herein, the terms “a”, “an”, and “the” are 
used interchangeably With “at least one” to mean one or 
more of the elements being described. 

[0030] As used herein, the term “active” When used to 
refer to a compound means that the compound can transport 
holes, transport electrons, participate in electron/hole 
recombination, emit light, or a combination thereof. 

[0031] As used herein, the term “amorphous” refers to a 
compound or composition that is not crystalline and that 
does not crystalliZe When removed from a solvent. 

[0032] As used herein, the term “alkyl” includes both 
straight-chained, branched, and cyclic alkyl groups that are 
unsubstituted or substituted. The alkyl group typically has 1 
to about 30 carbon atoms. In some embodiments, the alkyl 
group contains 1 to about 20 or 1 to about 10 carbon atoms. 
Examples of alkyl groups include, but are not limited to, 
methyl, ethyl, n-propyl, n-butyl, n-pentyl, tert-butyl, isopro 
pyl, isobutyl, n-octyl, n-heptyl, and ethylhexyl. 

[0033] As used herein, the term “alkenyl” refers to a 
monovalent radical of a straight-chained, branched, or cyclic 
alkene having one or more aliphatic carbon-carbon double 
bond and includes both unsubstituted and substituted alk 
enyl groups. The alkenyl groups typically include 2 to about 
30 carbon atoms. In some embodiments, the alkenyl groups 
contain 2 to about 20 or 2 to about 10 carbon atoms. 
Examples of alkenyl groups include, but are not limited to, 
n-oct-3 -enyl and n-hept-6-enyl. The alkenyl groups can have 
alternating double and single carbon-carbon bonds. For 
example, the alkenyl groups can be a diene or a triene With 
a single carbon-carbon bond betWeen each carbon-carbon 
double bond. 

[0034] As used herein, the term “alkylene” includes both 
straight-chained, branched, and cyclic divalent hydrocarbon 
radicals and includes both unsubstituted and substituted 
alkylene groups. The alkylene groups are typically include 
up to about 30 carbon atoms. In some embodiments, the 
alkylene groups contain up to about 20 or up to about 10 
carbon atoms. Examples of “alkylene” as used herein 
include, but are not limited to, methylene, ethylene, propy 
lene, butylene, and isopropylene, and the like. 

[0035] As used herein, the term “alkoxy” refers to a group 
having an oxygen atom attached to an alkyl group. The 
alkoxy group typically has 1 to about 30 carbon atoms. In 
some embodiments, the alkoxy group contains 1 to about 20 
or 1 to about 10 carbon atoms. Examples include methoxy, 
ethoxy, propoxy, butoxy, and the like. An alkoxy is a subset 
of a heteroalkyl group. Alkoxy groups can be unsubstituted 
or substituted. 

[0036] As used herein, the term “aromatic” refers to both 
a carbocyclic aromatic compound or group, a silicon-con 
taining aromatic compound or group, and a heteroaromatic 
compound or group. A carbocyclic aromatic compound is a 
compound that contains only carbon atoms in the aromatic 
ring structure. A silicon-containing aromatic compound is a 
compound that contains at least one Si in the aromatic ring 
structure. A heteroaromatic compound is a compound that 



US 2008/0026135 A1 

contains at least one heteroatom selected from S, O, N and 
P in ring in the aromatic ring structure. 

[0037] As used herein, the term “aryl” refers to monova 
lent unsaturated aromatic carbocyclic radicals or to monova 
lent unsaturated silicon-containing aromatic radicals having 
one to ten rings, multiple fused rings, or combinations 
thereof. That is, an aryl is a monovalent radical of a 
carbocyclic aromatic compound or a monovalent radical of 
a silicon-containing aromatic compound. In some embodi 
ments, the aryl group has up to 10 rings, up to 8 rings, up to 
6 rings, up to 4 rings, up to 3 rings, up to 2 rings, or one 
aromatic ring. The aryl group can contain, for example, up 
to about 60, up to about 50, up to about 40, up to about 30, 
or up to about 20 carbon atoms. Examples of aryl groups 
include, but are not limited to, phenyl, biphenyl, terphenyl, 
anthryl, naphthyl, acenaphthyl, phenanthryl, dihydrophen 
athrenyl, anthracenyl, ?uorenyl, 9-sila?uorenyl, tetrahydro 
pyrenyl, perylenyl, spirobis?uorenyl, ?uoranthenyl, pyre 
nyl, dihydropyrenyl, tetrahydropyrenyl, rubrenyl, chrysenyl, 
5 ,6, l 2, l 3-tetrahydrodibenZo[a,h]anthracenyl, 6, l 2-dihy 
droindeno[l ,2-b]?uorenyl, 5, l2-dihydro-6H-indeno[ l ,2-b] 
phenathrenyl, dihydrophenathrenyl, and benZo [g,h,I] 
perylenyl. 

[0038] As used herein, the term “arylene” refers to diva 
lent unsaturated aromatic carbocyclic radicals or to divalent 
unsaturated silicon-containing aromatic radicals having one 
to ten rings, multiple fused rings, or combinations thereof. 
That is, an arylene is a divalent radical of a carbocyclic 
aromatic compound in a divalent radical of a silicon-con 
taining aromatic compound. In some embodiments, the 
arylene group has up to 8 rings, up to 6 rings, up to 4 rings, 
up to 3 rings, up to 2 rings, or one aromatic ring. In some 
examples, the arylene group contains up to 60 carbon atoms, 
up to 50 carbon atoms, up to 40 carbon atoms, up to 30 
carbon atoms, or up to 20 carbon atoms. Examples of 
arylene groups include, but are not limited to, divalent 
radicals of benZene, naphthalene, acenaphthene, phenan 
threne, anthracene, ?uorene, 9-sila?uorene, ?uoranthene, 
benZopyrene, aromatic corene, dihyrophenanthrene, tetrahy 
dropyrene, perylene, spirobis?uorene, pyrene, rubrene, and 
chrysene. Speci?c examples of arylene groups include ben 
Zene-l ,3-diyl, benZene- l ,4-diyl, naphthalene-2,7-diyl, naph 
thalene-2,6-diyl, naphthalene-1,4-diyl, naphthalene-1,5 
diyl, acenaphthene-diyl, phenanthren-3,8-diyl, 5,6 
dihydrophenathren-3 ,8 -diyl, 4,5,9, l0-tetrahydropyren-2 ,7 - 
diyl, pyren-2,7-diyl, ?uoren-2,7-diyl, 9-sila?uoren-2,7-diyl, 
anthracene-9,l0-diyl, perylene-3,9-diyl, perylene-3,l0-diyl, 
spirobis?uorene-diyl, 5,6,12, l3-tetrahydrodibenZo[a,h]an 
thracene-3,l0-diyl, ?uoranthene-diyl, rubrene-diyl, chry 
sene-diyl, benZo[g,h,I]perylene-diyl, and the like. 

[0039] As used herein, the term “aryloxy” refers to a group 
having an oxygen atom attached to an aryl group. An 
example includes, but is not limited to, phenoxy. 

[0040] An asterisk (-*) in any formula infra indicates the 
location of a bond to another group in a molecule. 

[0041] As used herein, the term “carbocyclic” refers to a 
ring formed of carbon atoms. There are no heteroatoms in 
the ring structure. 

[0042] As used herein, the term “condensed polycyclic 
arylene” is a subset of the arylenes and refers to divalent 
arylene groups having 3 to about 10 fused rings. In some 
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embodiments, the condensed polycyclic arylene contains up 
to about 8 fused rings, up to about 6 fused rings, up to about 
4 fused rings, or 3 fused rings. Examples of condensed 
polycyclic arylene groups include, but are not limited to, 
divalent radicals of phenanthrene, anthracene, ?uoranthene, 
pyrene, perylene, benZoperylene, rubrene, chrysene, aro 
matic corene, and the like. 

[0043] As used herein, the term “conjugated” refers to 
unsaturated compounds having at least tWo carbon-carbon 
double or triple bonds With alternating carbon-carbon single 
bonds and carbon-carbon double or triple bonds. LikeWise, 
the term “unconjugated” refers to unsaturated compounds 
that are not conjugated. For example, an unconjugated 
aromatic group can have tWo or more carbon-carbon single 
bonds interrupting alternating carbon-carbon single bonds 
and carbon-carbon double or triple bonds. 

[0044] As used herein, the term “electroactive” refers a 
compound that transports holes, transports electrons, or 
participates in an electron/hole recombination. 

[0045] As used herein, “electrochemically stable” is meant 
stable to electrochemical degradation such that any oxida 
tion and/or reduction reactions entered into are reversible. 

[0046] As used herein, the term “?uoroalkyl” refers to an 
alkyl group that has at least one hydrogen atom replaced 
With a ?uorine atom. 

[0047] As used herein, the term “heteroalkyl” includes 
both straight-chained, branched, and cyclic alkyl groups 
With one or more heteroatoms independently selected from 
S, O, N, P, or Si replacing a carbon atom. The heteroalkyl 
group typically contains 1 to about 30 carbon atoms and can 
have up to 10 heteroatoms. In some embodiments, the 
heteroalkyl group contains 1 to about 20 or 1 to about 10 
carbon atoms. An alkoxy group is a subset of a heteroalkyl 
group. Examples of heteroalkyl groups include, but are not 
limited to, methoxy, ethoxy, propoxy, 3,6-dioxaheptyl, 
3-(trimethylsilyl)-propyl, poly(oxyalkylene) groups having 
a segment of formula 4O(CmH2mO)yi Where m is an 
integer of l to 6 and y is an integer of 2 to 20, and 
poly(dialkylsiloxane) groups having a segment of formula 
4[Si(CWH2W+1)2O]yi Where W is an integer of l to 10 and 
y is an integer of 2 to 20. Heteroalkyl groups can be 
unsubstituted or substituted. 

[0048] As used herein, the term “heteroaryl” refers to a 
monovalent radical of a ?ve to seven member aromatic ring 
that includes one or more heteroatoms independently 
selected from S, O, N and P in ring. That is, a heteroaryl is 
a monovalent radical of a heteroaromatic compound. Such a 
heteroaryl ring can be fused to one or more rings and can 
contain one to about 10 other rings selected from another 
heterocyclic ring(s), heteroaryl ring(s), aryl ring(s), 
cycloalkenyl ring(s), cycloalkyl rings, and combinations 
thereof. In some embodiments, the heteroaryl ring has to up 
to 8 other rings, up to 6 other rings, up to 4 other rings, up 
to 3 other rings, up to 2 other rings, or one other ring. The 
heteroaryl typically contains up to about 60 carbon atoms. In 
some embodiments, the heteroaryl contains up to about 50 
carbon atoms, up to about 40 carbon atoms, up to about 30 
carbon atoms, or up to about 20 carbon atoms. Examples of 
heteroaryl groups include, but are not limited to, furanyl, 
thiophenyl, pyrrolyl, imidaZolyl, pyraZolyl, triaZolyl, tetra 
Zolyl, thiaZolyl, oxaZolyl, isoxaZolyl, oxadiaZolyl, thiadiaZ 
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olyl, isothiaZolyl, pyridinyl, pyridaZinyl, pyraZinyl, pyrim 
idinyl, quinolinyl, isoquinolinyl, benZofuranyl, 
benZothiophenyl, indolyl, carbaZoyl, benZoxaZolyl, ben 
ZothiaZolyl, benZimidaZolyl, cinnolinyl, quinaZolinyl, qui 
noxalinyl, phthalaZinyl, benZothiadiaZolyl, benZotriaZinyl, 
phenaZinyl, phenanthridinyl, acridinyl, and indaZolyl, 
siloles, and the like. 

[0049] As used herein, “heteroaryls having a 4C=Ni 
unit” is a subset of the heteroaryls and refers to heteroaryls 
that have a 4C=Ni unit in at least one heteroaromatic 
ring. Examples of suitable include, but are not limited to, 
oxadiaZolyls, N-substituted-triaZolyls, N-substituted imida 
Zolyls, N-substituted pyraZolyls, oxaZolyls, isooxaZolyls, 
thiaZolyls, isothiaZolyls, pyridinyls, pyridaZinyls, pyrimidi 
nyls, pyraZinyls, triaZinyls, tetraZenyls, benZoxaZolyls, ben 
ZothiaZolyls, benZothiadiaZolyls, quinolinyls, isoquinoli 
nyls, cinnolinyls, quinaZolinyls, quinoxalinyls, 
phthalaZinyls, benZotriaZinyls, phenaZinyls, phenanthridi 
nyls, acridinyls, and the like. 

[0050] As used herein, “heteroaryls that are electron rich” 
is a subset of the heteroaryls and refers to heteroaryls that 
can donate electron density from the heteroatom into a pi 
bonding system. Examples include, but are not limited to, 
monovalent radicals of diarylsilanolyls, thiophenyls, 
bithiophenyls, furanyls, N-alkyl carbaZolyl, N-aryl carba 
Zolyl, N-alkyl pyrrolyl, N-aryl pyrrolyl, and the like. 

[0051] As used herein, the term “heteroarylene” refers to 
an aromatic divalent radical of a ?ve to seven member 
aromatic ring that includes one or more heteroatoms inde 
pendently selected from S, O, N, and P. That is, a het 
eroarylene is divalent radical of a heteroaromatic compound. 
Such a heteroaromatic ring can be fused to one or more rings 
and can contain 1 to about 10 other rings selected from 
another heterocyclic ring(s), heteroaryl ring(s), aryl ring(s), 
cycloalkenyl ring(s), cycloalkyl rings, and combinations 
thereof. In some embodiments, the heteroaromatic ring is 
fused to up to 8 other rings, up to 4 other rings, up to 3 other 
rings, up to 2 other rings, or one other ring. The het 
eroarylene typically contains up to about 60 carbon atoms. 
In some embodiments, the heteroarylene contains up to 
about 50 carbon atoms, up to about 40 carbon atoms, up to 
about 30 carbon atoms, or up to about 20 carbon atoms. 
Examples of heteroarylene groups include, but are not 
limited to, divalent radicals of furan, thiophene, pyrrole, 
imidaZole, pyraZole, triaZole, tetraZole, thiaZole, oxaZole, 
isoxaZole, oxadiaZole, thiadiaZole, isothiaZole, pyridine, 
pyridaZine, pyraZine, pyrimidine, quinoline, isoquinoline, 
benZofuran, benZothiophene, indole, carbaZole, benZoax 
aZole, benZothiZole, benZimidiaZole, cinnoline, quinaZoline, 
quinoxaline, phthalaZine, benZothiadiaZole, benZotriaZine, 
phenaZine, phenanthridine, acridine, indaZole, and silones. 
Speci?c examples of heteroarylenes include, but are not 
limited to, furan-2,5-diyl, thiophene-2,4-diyl, 1,3,4-oxadia 
Zole-2,5-diyl, l,3,4-thiadiaZole-2,5-diyl, l,3-thiaZole-2,4 
diyl, benZo[l ,2,5]thiadiaZole-4,7-diyl, l,3-thiaZole-2,5-diyl, 
pyridine-2,4-diyl, pyridine-2,3-diyl, pyridine-2,5-diyl, pyri 
midine-2,4-diyl, quinoline-2,3-diyl, l,l-dialkyl-lH-silole-2, 
5-diyl, and the like. 

[0052] As used herein, “heteroarylenes having 4C=Ni 
units” is a subset of heteroarylenes and refers to het 
eroarylenes having a iC=Ni unit in at least one het 
eroaromatic ring. Examples of heteroarylenes having 
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4C=Ni units include, but are not limited to, divalent 
radicals of oxadiaZoles, N-substituted-triaZoles, N-substi 
tuted imidaZoles, N-substituted pyraZoles, oxaZoles, isox 
aZole, thiaZoles, isothiaZoles, pyridines, pyridaZines, pyrim 
idines, pyraZines, triaZines, tetraZenes, benZoxaZoles, 
benZothiaZoles, benZothiadiaZoles, quinolines, isoquino 
lines, cinnolines, quinaZolines, quinoxalines, phthalaZines, 
benZotriaZines, phenaZines, phenanthridines, acridines, and 
the like. 

[0053] As used herein, “heteroarylenes that are electron 
rich” is a subset of heteroarylenes and refers to het 
eroarylenes that can donate electron density from the het 
eroatom into a pi bonding system. Suitable examples include 
divalent radicals of diarylsilanoles, thiophenes, 
bithiophenes, furans, N-alkyl carbaZoles, N-aryl carbaZoles, 
N-alkyl pyrroles, N-aryl pyrroles, and the like. 

[0054] As used herein, the term “inactive” When used to 
refer to a compound means that the compound is not 
electroactive, not electroluminescent, or a combination 
thereof. 

[0055] As used herein, the term “naphthalene group aryl” 
is a subset of an aryl group and refers to monovalent 
unsaturated aromatic carbocyclic radicals having a fused 
naphthalene ring structure. An unsubstituted naphthalene 
group aryl has tWo fused aromatic rings. Examples of 
naphthalene group aryl include naphthalen-2-yl, naphthalen 
l-yl, naphthalen-7-yl, naphthalen-6-yl, naphthalen-4-yl, 
naphthalen-S-yl, acenaphthenyl, and the like. 

[0056] As used herein, the term “naphthalene group 
arylene” is a subset of arylene groups and refers to divalent 
unsaturated aromatic carbocyclic radicals having a fused 
naphthalene ring structure. An unsubstituted naphthalene 
group arylene has tWo carbocyclic aromatic rings. Examples 
of naphthalene group arylenes include, but are not limited to, 
naphthalene-2,7-diyl, naphthalene-2,6-diyl, naphthalene-l, 
4-diyl, naphthalene-1,5-diyl, acenaphthene-diyl, and the 
like. 

[0057] As used herein, the term “per?uoroalky” refers to 
an alkyl group that has all the hydrogen atoms replaced With 
?uorine atoms. A per?uoroalkyl is a subset of a ?uoroalkyl. 

[0058] As used herein, the term “phenylene group aryl” is 
a subset of aryl and refers to monovalent unsaturated aro 
matic carbocyclic radicals having one, tWo, or three conju 
gated phenyl or phenylene rings (e.g. phenyl, biphenyl, and 
terphenyl) that are optionally fused With divalent radicals of 
alkylene or di-substituted silylene (iSi(R)2i) Where each 
R is independently selected from a C L30 alkyl, C2_3O alkenyl, 
Cl_3O alkoxy, C6_2O aryl, C6_2O aryloxy, Cl_3O heteroalkyl, 
C heteroaryl, ?uoro, Cl_3O ?uoroalkyl, Cl_3O per?uoro 
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alkyl, and combinations thereof. An unsubstituted phenylene 
group aryl has up to three carbocyclic aromatic rings. 
Examples of suitable phenylene group aryls include, but are 
not limited to, phenyl, biphenyl, terphenyl, 5,6-dihydro 
phenathrenyl, 4,5,9,l0-tetrahydropyrenyl, ?uorenyl, 9-si 
la?uorenyl, spirobis?uorenyl, 6,l2-dihydroindeno[l,2-b] 
?uorenyl, 5,1 2-dihydro-6H-indeno[l ,2-b ]phenathrenyl, 5 ,6, 
l2,l3-tetrahydrodibenZo[a,h]anthracenyl, and the like. 

[0059] As used herein, the term “phenylene group 
arylene” is a subset of arylene groups and refers to divalent 
unsaturated aromatic carbocyclic radicals having one, tWo, 
or three conjugated phenylene rings (e.g. phenylene, biphe 
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nylene, and terphenylene) that are optionally fused With 
divalent radicals of alkylene or di-substituted silylene 
(iSi(R)2i) Where each R is independently a Cl_3O alkyl, 
C2730 alkenyl, Cl_3O alkoxy, C6_2O aryl, C6_2O aryloxy, Cl_3O 
heteroalkyl, C3_2O heteroaryl, ?uoro, Cl_3O ?uoroalkyl, and 
Cl’30 per?uoroalkyl, and combinations thereof An unsubsti 
tuted phenylene group arylene has up to three carbocyclic 
aromatic rings. Examples of phenylene group arylene 
include, but are not limited to, benZene-1,3-diyl, benZene 
1 ,4 -diyl, phenanthren-3 ,8 -diyl, 5, 6 -dihydrophenathren-3 ,8 - 
diyl, 4,5,9,10-tetrahydropyren-2,7-diyl, ?uoren-2,7-diyl, 
9-sila?uoren-2,7-diyl, spirobis?uoren-2,7-diyl, 6,12-dihy 
droindeno[1,2-b]?uorene-2,8-diyl, 5,12-dihydro-6H-indeno 
[1,2-b]phenathrene-3,10-diyl, 5,6,12,13 -tetrahydrodibenZo 
[a,h]anthracene-3,10-diyl, and the like. 

[0060] As used herein, the term “small molecule” refers to 
a compound that is non-polymeric (e.g., less than three 
repeating units When there are repeating units). 

[0061] As used herein the term “solution processible” 
refers to a compound or composition that can be dissolved 
in a solution. In some embodiments, a compound or com 
position that is solution processible can be coated from a 
solution as a thin ?lm. In other embodiments, a solution of 
the compound of composition can be applied to a substrate. 
For example, the solution can be printed or coated onto a 
substrate. 

[0062] As used herein, the term “substituent” refers to 
alkyl, alkenyl, alkoxy, aryl, aryloxy, heteroalkyl, heteroaryl, 
?uoro, ?uoroalkyl, per?uoroalkyl, and the like. The various 
groups in Formula I can be substituted, for example, With 
one or more groups selected Cl_3O alkyl, C2_3O alkenyl, Cl_3O 
alkoxy, C6_2O aryl, C6_2O aryloxy, Cl_3O heteroalkyl, C3_2O 
heteroaryl, ?uoro, Cl_3O ?uoroalkyl, and Cl_3O per?uoro 
alkyl. 

[0063] As used herein, the term “tertiary aromatic amine” 
refers to a class of molecular compounds having one or more 
tertiary nitrogen centers and each nitrogen center is bonded 
to three aromatic carbon centers. Examples of tertiary aro 
matic amines include diarylanilines; alkyl carbaZole; aryl 
carbaZole; and tetraaryldiamines such as, for example, N,N, 
N'N'-tetraarylbenZidines, N,N,N',N'tetraaryl- 1 ,4-phenylene 
diamines, N,N,N'N' tetraryl-2,7-diamino?uorene derivatives 
such as those taught in patent applications EP 0 953 624 A1 
and EP 0 879 868 A2, N,N'-bis(3-methylphenyl)-N,N' 
bis(phenyl)benZidine (also knoWn as TPD), N,N'-bis(3 
naphthalen-2-yl)-N,N'-bis(phenyl)benZidine (also knoWn as 
NPB), 1,4-bis(carbaZolyl)biphenyl (also knoWn as CBP), 
and other tetraaryldiamine derivatives such as those 
described in B. E. Koene et al., Chem. Mater, 10, 2235-2250 
(1998), Us. Pat. No. 5,792,557, US Pat. No. 5,550,290 and 
patent application EP 0 891 121 A1; peraryltriamine deriva 
tives such as those described in Us. Pat. No. 6,074,734 and 
patent application EP 0 827 367 A1; starburst amine deriva 
tives such as 4,4',4"-tris(N,N-diarylamino)triphenylamines 
and 1,3,5-tris(4-diarylaminophenyl)benZenes, 4,4',4"-tris(N, 
N-diphenylamino)triphenylamine (also knoWn as TDATA), 
4,4',4"-tris(N-3 -methylphenyl-N-phenylamino)tripheny 
lamine (also knoWn as mTDATA); 1,3,5-Tris(4-dipheny 
laminophenyl)benZenes (TDAPBs); and other dendridic and 
spiro amine derivatives as taught in patent application EP 0 
650 955 A1, Tokito et al., Polym. Prep. (Am. Chem. Soc. 
Div. Polym. Chem.) 38(1), 388-389 (1997), Tamake et al., 
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Chem. Commun, 2175-21761 (1996), and Tokito et al., 
Appl. Inst. Phys., 70(15), 1929-1931 (1997). 

[0064] As used herein, the term “tertiary aromatic amino 
aryl” refers to a monovalent aromatic ring radical of a 
tertiary aromatic amine as de?ned above. 

[0065] As used herein, the term “tertiary aromatic amino 
arylene” refers to a divalent unsaturated aromatic carbocy 
clic radical of a tertiary aromatic amine as de?ned above. 

Compounds 

[0066] One aspect of the invention provides compounds 
that have an aromatic core and tWo end capping groups (EC) 
that are conjugated to the aromatic core. The aromatic core 
contains a phenylene group arylene or a naphthalene group 
arylene having a pendant heteroaryl group that includes a 
4C=Ni unit. The compounds can be used in organic 
electronic devices. For example, the compounds can be used 
as electron transport materials in organic electronic devices 
such as organic electroluminescent devices. 

[0067] The compounds have a structure according to For 
mula I: 

Wherein 

[0068] each Arl is independently a phenylene group 
arylene or a naphthalene group arylene that is unsubstituted 
or substituted With one or more groups selected from alkyl, 
alkenyl, alkoxy, aryl, aryloxy, ?uoro, ?uoroalkyl, per?uo 
roalky, heteroalkyl, heteroaryl, and combinations thereof, 

[0069] 
[0070] each Ey is independently a structure of Formula II 
or Formula 111: 

each a is independently 1 or 2; 
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[0071] each X is independently O, S, or NR1, where R1 is 
alkyl, aryl, heteroaryl, heteroalkyl, or combinations thereof; 

[0072] each Ar2 is independently a carbocyclic aryl group 
that is unsubstituted or substituted With one or more groups 

selected from alkyl, alkenyl, alkoxy, aryl, aryloxy, ?uoro, 
?uoroalkyl, per?uoroalkyl, heteroalkyl, heteroaryl, alkyl 
oxadiaZolyl, aryl oxadiaZolyl, alkyl triaZolyl, aryl triaZolyl, 
diarylamino, aryldiarylamino, and combinations thereof, 

[0073] each asterisk (-*) indicates the location of a bond to 
another group in the compound; 

[0074] n is an integer equal to l or 2; and 

[0075] each end capping group (EC) is independently a 
carbocyclic aryl, heteroaryl, or tertiary amino aryl group that 
is unsubstituted or substituted With one or more groups 

selected from alkyl, alkenyl, alkoxy, aryl, aryloxy, ?uoro, 
?uoroalkyl, per?uoroalkyl, heteroalkyl, heteroaryl, and 
combinations thereof, Wherein no more than one EC is a 
group of Formula II or Formula III. 

[0076] As used herein, the term “aromatic core” refers to 
that portion of the compound of Formula I that is not an end 
capping group. The aromatic core can include carbocyclic 
arylene groups, heteroarylene groups, tertiary aromatic 
amino arylene groups, and combinations thereof. The term 
aromatic core does not imply any particular synthesis 
method or order of synthesis. 

[0077] The compound of Formula I can be a compound of 
Formula IV or V: 

The end capping groups (EC) can be the same or different. 

[0078] The compounds can be solution processible and 
formed into thin ?lm for use in organic electronic devices. 
In some embodiments, the end capping groups and the 
aromatic core can be chosen to provide a compound that is 
amorphous. 

[0079] The compounds of Formula I can be used as 
electron transport agents in organic electronic devices. The 
aromatic core contains at least one heteroaryl group having 
a 4C=Ni unit (i.e., Ey in Formula I). A 4C=Ni unit 
tend to be electron de?cient compared to a carbon-carbon 
double bond. In some embodiments, the iC=Ni unit can 
provide electron transport and electron injection properties 
to the compounds. The Arl group and the end capping 
groups can be chosen to provide additional functions to the 
compounds. For example, in some embodiments, the com 
pounds can be used as electron transport agents as Well as 
hole transporting molecules. In other embodiments, the 
compounds can be used as electron transporting molecules 
as Well as light emitting molecules. 

[0080] Substituent groups can be on the Arl-(Ey)a group, 
the end capping groups, or a combination thereof. The 
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substituents can be selected from alkyl, alkenyl, alkoxy, aryl, 
aryloxy, ?uoro, ?uoroalkyl, per?uoroalky, heteroalkyl, het 
eroaryl, and combinations thereof. In some embodiments, 
the compounds are substituted With a Cl_3O alkyl, C2_3O 
alkenyl, Cl_3O alkoxy, C6_3O aryl, C6_3O aryloxy, ?uoro, Cl_3O 
?uoroalkyl, Cl_3O per?uoroalkyl, Cl_3O heteroalkyl, C3_3O 
heteroaryl, and combinations thereof For example, the com 
pounds can be substituted With a Cl_2O alkyl, C2_2O alkenyl, 
Cl_2O alkoxy, C6_2O aryl, C6_2O aryloxy, ?uoro, Cl_2O ?uoro 
alkyl, Cl_2O per?uoroalkyl, Cl_2O heteroalkyl, a C3_2O het 
eroaryl, and combinations thereof. 

[0081] The substituent groups can enhance, for example, 
the solubility of the compounds in organic solvents, the 
compatibility of the compounds With other materials in a 
composition, the solution processibility, or a combination 
thereof. The substituents can modify the solubility param 
eter, modify the ioniZation potential, modify the electron 
af?nity, reduce intramolecular or intermolecular interactions 
that can produce undesirable emissions, or any combination 
of these. For example, substituent groups can help suppress 
aggregation and phase separation of the compounds When 
the compounds are formed into thin ?lms. 

[0082] In some embodiments of the compounds of the 
invention, a substituent can include a divalent poly(oxyalky 
lene) soft segment of Formula VI 

VI 

or a divalent poly(dialkylsiloxane) soft segment of Formula 
VII 

Where m is an integer of l to 6, y is an integer of 2 to 20, 
and W is an integer of l to 10. In some embodiments, the 
poly(oxyalkylene) or poly(dialkylsiloxane) soft segment can 
be connected to an alkyl, aryl, or heteroaryl group. The 
substituent can, for example, have Formula VIII 

VIII 

Where SS is a poly(oxyalkylene) or poly(dialkylsiloxane) 
soft segment, Ar is an arylene group, v is an integer of 0 or 
1, and R" is an aryl, heteroaryl, or a alkyl. In some examples, 
R" is a sterically hindered group. Groups according to 
Formula VIII can reduce the formation of intermolecular or 
intramolecular con?gurations that produce undesirable exci 
mer or exciplex emission. 

[0083] In other embodiments, the compounds of the 
invention can be substituted With one or more groups 

selected from ?uoro, Cl_3O ?uoroalkyl, and Cl_3O per?uoro 
alky. These substituents can improve the solubility and the 
?lm forming properties of the compounds, can increase the 
ioniZation potential and electron af?nity of the compounds, 
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or a combination thereof. Compounds having an increased 
ionization potential and electron a?inity can more easily 
inject electrons and block holes When used in organic 
electroluminescent devices. Fluoro, ?uoroalkyl, or per?uo 
roalkyl substituents can also loWer the vapor pressure of the 
compounds and make them easier to vapor deposit. 

[0084] In some embodiments, substituents that are knoWn 
to be photoluminescent quenchers, such as aryl carbonyls 
and nitro groups, may be undesirable because such groups 
can degrade the electroluminescent ef?ciency of organic 
electroluminescent devices. In some embodiments, substitu 
ents that are knoWn to undergo electrochemical elimination 
reactions, such as alkyl amines, may be undesirable because 
such groups can degrade the operating lifetimes of organic 
electroluminescent devices. In some embodiments, substitu 
ents that contain titratable protons that can undergo electro 
chemical reactions, such as primary or secondary amines, 
phenols, alcohols, and the like, may be undesirable because 
such groups can be reduced to hydrogen during operation of 
an organic electroluminescent device. The generation of 
hydrogen can lead to delamination of the cathode and 
ultimate failure of the organic electroluminescent device. 
Chlorine, bromine, iodine, boronic acid, and boronic ester 
substituents can cause electrochemical instability in some 

embodiments. Such groups, if present in the compounds of 
the invention as impurities, should be present in amounts 
less than about 1000 parts per million (ppm) by Weight. 
Additionally, groups such as para?uorophenyl may not be 
desirable in some applications because such groups are 
susceptible to irreversible electrochemical degradation. 
HoWever, any of these groups can be included if other 
desirable characteristics can be obtained. 

[0085] The compounds of the invention contain one or tWo 
groups of Formula IX 

Arl 
| 

(By). 

in the aromatic core. Each group of Formula IX is indepen 
dently a phenylene group arylene or naphthalene group 
arylene. Suitable groups of Formula IX include, but are not 
limited to, a divalent radical of 

XI 
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-continued 
XII 

EY 
XIII 

EY EY’ 
XIV 

Ey, 

Ey 
XV 

EY 

Ey 
XVI 

(T54 

EY 
XVII 

(If): 

EY 
XVIII 

(If): 

EY EY’ 
XIX 

(R3)4 

By | 
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-continued 
W11 

W111 

(T04 

Ey (R04 
)QQHV 

(T04 

Ey (R04 
WV 

3 By 
(R )4 

l O , or 

By (R04 

WVI 

(T04 By 

By (R04 

that is unsubstituted or substituted With one or more groups 

selected from a Cl_2O alkyl, C2_2O alkenyl, Cl_2O alkoxy, C6_2O 
aryl, C6_2O aryloxy, ?uoro, Cl_2O ?uoroalkyl, C1_2O per?uo 
roalkyl, Cl_2O heteroalkyl, C3_2O heteroaryl, and combina 
tions thereof. Each R is independently a Cl_3O alkyl, C2_3O 
alkenyl, Cl_3O alkoxy, C6_3O aryl, C6_3O aryloxy, C3_3O het 
eroaryl, Cl_3O heteroalkyl, and combinations thereof. Each 
R3 is independently selected from hydrogen, Cl_3O alkyl, 
C2730 alkenyl, Cl_3O alkoxy, C6_3O aryl, C6_3O aryloxy, C3_3O 
heteroaryl, Cl_3O heteroalkyl, and combinations thereof. 
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[0086] Any R or R3 group in the aromatic core can include 
a divalent poly(oxyalkylene) soft segment of Formula V1 

or a divalent poly(dialkylsiloxane) soft segment of Formula 
V11 

Where m is an integer of l to 6, y is an integer of 2 to 20, 
and W is an integer of l to 10. In some embodiments, the 
poly(oxyalkylene) or poly(dialkylsiloxane) soft segment can 
be connected to an alkyl, aryl, or heteroaryl group. The 
substituent can, for example, have Formula V111 

V111 

Where SS is a poly(oxyalkylene) or poly(dialkylsiloxane) 
soft segment, Ar is an arylene group, V is an integer of 0 or 
1, and R" is an aryl, heteroaryl, or a alkyl. In some examples, 
R" is a sterically hindered group. Groups according to 
Formula V111 can reduce the formation of intermolecular or 
intramolecular con?gurations that produce undesirable exci 
mer or exciplex emission. 

[0087] In some compounds, at least one divalent radical of 
Formula 1X can be selected from 

XXXVII 

* Q * , 
EY 

XXXVIII 
>F 

* : 
Ey, 

XXXIX 
>F 

* : 
EY 

XL 
># ># , 

EY 
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-continued 

EY 

EY EY’ 

Ey *, 

Ey , 

* By 

By *, 
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-continued 
XLI XLIX 

XLII By 

L 

EY 

XLIII * 

*, and 

XLIV Ev 
Ll 

EY 

XLV 48* 
Ey 

XLVI 
that is unsubstituted or substituted With one or more groups 

selected from Cl_2O alkyl, C2_2O alkenyl, Cl_2O alkoxy, C6_2O 
aryl, C6_2O aryloxy, ?uoro, Cl_2O ?uoroalkyl, Cl_2O per?uo 
roalkyl, Cl_2O heteroalkyl, C3_2O heteroaryl, and combina 
tions thereof. 

[0088] In other examples, at least one divalent radical of 
Formula IX can be selected from 

XLVII Ln 

(R3)4 

Ey 

XLVlll Llll 

(R3)4 

EY 
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selected from Cl_3O alkyl, C2_3O alkenyl, Cl_3O alkoxy, C6_2O 
-continued 

N 
/ 

s \ g / 

aryl, C6_2O aryloxy, C3_2O heteroaryl, Cl_3O heteroalkyl, and 
combinations thereof. 

[0093] In some embodiments, X is in the heterocyclic ring 
of Formula II or Formula III is sulfur or oxygen. 

[0094] Speci?c examples of the divalent radical 

N IX 
*_Arl_* 

03y)“ 

in Formula I include, but are not limited to, 

OCsHn, 

CsH17 CsH17 

LUV 

OCsHn, 

OCsHn, 

OCsHn, 

OCsHn, 
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-continued -c0ntinued 

LW 

LWI 

LWH 
































































































































