WO 2004/ 096948 PCT/ US2003/ 032047 -1 Electron Transport Agents for Oganic
El ectronic Devices Technical Field This invention relates to conpounds,
conposi ti o0 26HfAf48 el ectronic devices, 5 and net hods PGFURBHERITg
organi c el ectronic devices. Mre particulardly, the invention relates to
conmpounds and conpositions that can be used as electron transport agents in
organic el ectronic deV| s sugl'h as or n| c el troI escent devi ces.
Background 10 Organic E"PP ¥ ﬁ? tsderPys EQrYNE Y eEEDr gani ¢
light emtting di odes (O_EDs) are deS| rabl e for use in electronic nedia
because of their thin profile, low weight, capability of obtaining a w de
vari ety of emssion colors, and | ow dr&tﬁgﬂﬁﬂﬂage OLEDs have potenti al

use in applications_.such as. bha k htin ra h| X€e d di
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transporting materials suitable for such devices and nethods maki ng t he

devi ces. | n somglaien it corepsindnenderanzositioas thobcandicaeseéds olectreieivasisopd dgeuts th

facilitat : f ot d t thods. Pattern-wi
Lner mal 1 anst SPEBIC AR BV Er SN0 PO LT QB F B PRI Subst r at e has

20 been proposed as one nethod for form ng OEL devices. Sel ective thernal
transfer of organic light emtters for formati on of organic
el ectrol um nescent devices has been shd@mkgxound particul arly useful.
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(PBD). One triazole derivative commonly used is
3- (4- bi phenyl ylvyelglhtpfw@ﬁwﬁssof(abmemga vide yiutie afemission calory, jang tive diviag) .
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that inhibit em ssion.

15 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, materials 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

20 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.

Molecular oxadiazole and triazole derivatives have been used as electron
transport/hole blocking materials in OLED devices. One oxadiazole derivative

25 commonly used is 2-(4-biphenyl)-5-(4-t-butyiphenyl)-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 recrystallization of or aggregate formation
by the PBD or TAZ, leading to phase separation and formation of charge carrier traps

30 that inhibit emission.

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

flexible polymer chain, resulting in amorphous matenals. For example,



In an effort to mtigate these problens in bl ended pol yner systens, several
groups have reported bonding an electron transporting structure such as PBD
to a flewore/Pegner chain, resulting in anorphous naP€FUAIEIORBE7 exanpl e,
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oxadi azol e side chains have been reported. However, operating lifetines for
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One aspect of the invention provides a compound having an arornatic core and two end

capping groups that are conjugated to the aromatic core according to Formula I:

15
I
wherein
each Ar' is independently a phenylene group arylene or a naphthalene
group arylene that is unsubstituted or substituted with one or more groups selected from
20 alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalky, heteroalkyl,
heteroaryl, and combinations thereof;,
each a is independently 1 or 2;
each E, is independently a structure of Formula II or Formula III:
X X |
=N T:N
25 A Ar® :



[1 111 WO 2004/ 096948 PCT/ US2003/ 032047 -3 each Xis independently 0O, S, or
NR , where R is alkyl, aryl, heteroaryl. heteroal kyl, or conbi nations

t her eof ; eawi 0009%18i ndependent|y a carbocyclic aryl groepTaRa03HR047
unsubstituted or substituted with one or noe groups selected from al kyl,
al kenyl , al koxy, aryl, 5 aryloxy, fluoro, fluoroalkyl, perfluoroalkyl,

het eroal kyl, heteroaryl, akkxlisaxRgiReally D, S, &R’ exaee RZal Akyl, 84K Wbteroaryl,
triazolyl, aryl triazolyl, diarylamnm no, aryldiarylamno, and conbinations
t hereof ; each dwteepalkyd, ¢reombippiiopatheseofhe | ocati on of a bond to anot her

group in the conpound; 10 ,n,i=. in ta . 1.0r 2 .end
capping group (EQ is incfglf)%ﬁ‘aelﬁ?IFc%Fpgﬁ(gegﬁ%%?%gﬁ%}éd%ra)r/}(l,gT Olllfpetthgp%g?glf%guﬁl}ed
tertiary am no @fkibsti@fodvithRat of opngelpd dcldsteddran aBubsditdnyl, atkowyt ypne or
nore groups selected from al kyl, al kenyl, al koxy, ar%l, aryl oxy, fluoro,
fluoroal kyl, parprudhes. Eporoael drestndegaliytbetesoalie heteaprayl byl prendicsalyl,

t her eof , wherein -nQ. h I: 1O F l. _or._Formul a
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conpound accor dioithita®iohOthetdos | i n conbination with at | east one ot her
compound - that is a charge transporting material, charge bl ocking material,
light enmitting material, caglpgeriskdnVandiryes thadesatiar of pbpydieranethsy Beap in gie
conbi nati on thecrmenofo. (?_0 Yet anot her aspect of the invention provides an

or gani c el ectroni e%8Vi ce that includes a conpound according to Fornula I.

I n some egbodi ments, the Pkganheger@lgflts Qi Q; gRlvi ce is an organic
el ectrol um nescent device. Additionally, the invention provides_a nethod of
nmeki ng an organic el ect regFlpiheapping srewr (B, is TeprRieABY 2 cabPesdis aryl)

pepet 1.2 Sonpl el ik 05| WGP P PERY P FRRPL AN
a surface of a meeephys selebed fdheatkyhelkabayvakeumand yargloxy fuops, dhendalkyl,
Invention is no}:t;erfilé](;[rgaqg}?l?hétgrogﬁ?i rhieg?oa??l?g]nd combinations thereof, wherein no more than
15 one EC is a group of Formula H or Formula III.
Another aspect of the invention provides a composition 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 comnbination thereof.

20 Yet another aspect of the invention provides an organic electronic device that
includes a compound according to Formula I. In some embodiments, the organic
electronic device is an organic electroluminescent device.

Additionally, the invention provides a method of making an organic
electroluminescent device. The method includes (1) preparing a donor sheet that

25 includes a transfer layer containing a compound according to Formula I and (2)
transferring the transfer layer to a surface of a receptor substrate.

The above summary of the present invention is not intended to describe each
disclosed embodiment or every implementation of the present imvention. The Figures

and the detailed description that follow more particularly exemplify these

30 embodiments.



di scl osed enbodi nent or every inplenentation of the present invention. The
Figures and the detailed description that follow nore particularly

exenpl i f yMh®Wa£08M8enbodi nents. WO 2004/ 096948 PCT/ US52008MaB2@4/032047 Bri ef
Description of the Drawi ngs The invention-4ray be nore conpletely understood
in consideration of the follow ng detailed description of various

enbodi ments of the invention i Bri@Meeaipsh offhe/Driakeng@cconmpanyi ng drawi ngs,
in which: 5 Figure 1 is a schematic side view of an organic .

el ect r ol um nescent Thfi @HeHipn RyHRG RoEGospletdygimdarswop dn gonsedession of th de vi ew
of @ donor - SEGhw (Al ackHRAREEENDE oFBh s bodinfd iy Snfor ENBTRL G, ST de
vi ew of an organic “el’ectrol um nescent display; I gure i's a schenatic

si de vi ew of with tifesiccenpaginpdrtwafgs gin viigiani ¢ 10 el ect r ol um nescent devi ce;
Figure 4B is a schematic side view of a second enbodi nent. of an_organic

el ect r of uni nescentFigusg 108 2 sEhegRgtis side YieW 9T 38 REFARG LeiolanpPERAGHSRISY hi r d
enbodi ment of . an. organi ¢ el ectrol um nescent device; and 15 Figure 4D is a
schematic side view of a fourth enbodi mrent of an organic electrol um nescent
device. Wil e the Figuenis anchenaivaiddiew od a\danoxuhsetfodiririséatin g netaiadk,
alternative fornms,_, specifics thereof have been shown by way of exanple in
the drawi ngs and wiiERepbls 2delsapatiseirs view&f an preapic elersipiamipescaRigisdayod,
however, that the i i @ lim P t e
particul ar enbodi rrfél%%%%éiegc%r%cﬁ%g%c&&? k%mc%fr?t%% 3{?4&%@%&&# gﬁto ?%ﬂh{ls to
cover abl nodilédiedimmascenedpyiocal ents, and alternatives falling within the

spirit and scope of the invention. Detailed Description of the Invention
25 Definitions Figure 4B 1s a schematic side view of a second embodiment of an organic

electroluminescent device;

Figure 4C is a schematic side view of a third embodiment of an organic

electroluminescent device; and
15 Figure 4D is a schematic side view of a fourth embodiment of an organic
electroluminescent device.

While the invention is amenable to various modifications and alternative forms,
specifics 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

20 the invention to the particular embodiments described. On the contrary, the intention is
to cover all modifications, equivalents, and alternatives falling within the spirit and

scope of the invention.

Detailed Description of the Invention

25
Definitions
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.
As used herein, the term “active” when used to refer to a compound means that
30 the compound can transport holes, transport electrons, participate in electron/hole

recombination, emit light, or a combination thereof.
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.



As used herein, the terns "a", "an", and "the" are used interchangeably wth
"at |east one" to nean one or nore of the el enents being described. As used
herei n, theWMO0P/096248i ve" when used to refer to a conpounccraspsmstbmatz 30

t he conpound can transport hol es, transport-5el ectrons, participate in

el ectron/ hol e reconbination emt light, or a conbination thereof. As used

herein, the term armr@e@ﬁ&emr ge@érsn tAKA” GRRRY B tHtraCARAShEd, ®farlchéd, anl S
not crystal line and that does not crystallize when renoved froma sol vent.

WD 2004/ 096948 P AsAe/rs 3k 47 unsgbsigutad ey substibitesl. "{h@eallssérgmupawmymly has

unsubsti tuted or° SURSCOFHCE Tope BRE0F Aline A sibie CHRURS Li0fo50°
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or 1 to about 10 carbon atons. Exanples of al kyl groups include, but are not

5 limted to, Hetiglito, methyl sthyl ﬁrﬂsaﬁgﬂl -y Penty. SEnpuY], seriopybifophtyl, n-

i sopropyl, iso oct ptyI and et hyl hexyl. As used herein, the
term "al kenyl %H‘geﬂr%e%tg andyetl%l )’Bent radi cal of a strai ght - chai ned,
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bond and i ncludes both unsubstituted and substituted al kenyl groups. The
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doubl e and singl e carbon-carbon bonds. For exanple, the al kenyl groups can
be a diene or élkieﬂb’]egféum qoptaan 3ot 89%%{&0 é%ﬂ%éﬂ cCHbA a@@%eﬁ%@@?ﬁééch
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car bon a;gns h@ng% ‘ﬁLéXt&Pg &ﬁpd herei n i nclude, but are not

limted met h ropy ene, butylene, and isopropyl ene, and
the Iike. 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
20 to about 10 carbon atoms. Examples of "alkylene” as used herein include, but are not
limited to, methylene, ethylene, propylene, butylene, and isopropylene, and the like.
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
25 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.
As used herein, the term “aromatic” refers to both a carbocyclic 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
30 structure. A heteroaromatic compound is a compound that contains at least one
heteroatom selected from S, O, N and P in ring in the aromatic ring structure.
As used herein, the term "aryl” refers to monovalent unsaturated aromatic

carbocyclic radicals having one to ten rings, multiple fused rings, or combinations



As used herein, the term"al koxy" refers to a group having an oxygen atom
attached to an al kyl group. The al koxy group typically has 1 to about 30 -
car bon at Bifs2004/4999480me enbodi nents, the al koxy group comCarusg/osm+about 20
or 1 to about 10 carbon 25 atoms. Exanpl e& include nethoxy, ethoxy,

propoxy, butoxy, and the like. An al koxy is a subset of a heteroal kyl group.
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carbon atoms, or up to 20 carbon atoms. Examples of arylene groups include, but are
not limited to, divalent radicals of benzene, naphthalene, acenaphthene, phenanthrene,

20 anthracene, fluorene, 9-silaflucrene, fluoranthene, benzopyrene, aromatic corene,
dihyrophenanthrene, tetrahydropyrene, perylene, spirobisfluorene, pyrene, rubrene, and
chrysene. Specific examples of arylene groups include benzene-1,3-diyl, benzene-1,4-
diyl, naphthalene-2,7-diyl, naphthalene-2,6-diyl, naphthalene-1,4-diyl, naphthalene-1,5-
diyl, acenaphthene-diyl, phenanthren-3,8-diyl, 5,6-dihydrophenathren-3,8-diyl,

25 4,5,9,10-tetrahydropyren-2,7-diyl, pyren-2,7-diyl, fluoren-2,7-diyl, 9-silafluoren-2,7-
diyl, anthracene-9,10-diyl, perylene-3,9-diyl, perylene-3,10-diyl, spirobisfluorene-diyl,
5,6,12,13-tetrahydrodibenzo[a,h]anthracene-3,10-diyl, fluoranthene-diyl, rubrene-divl,
chrysene-diyl, benzo[g,h.I]perylene-diyl, and the like.

As used herein, the term “aryloxy” refers to a group having an oxygen atom

30 attached to an aryl group. An example includes, but is not limited to, phenoxy.

An asterisk (-*) in any formula infra indicates the location of a bond to another

group in a molecule.



contains up to 60 carbon atons, up to 50 carbon atons, up to 40 carbon
atons, up to 30 carbon atons, or up to 20 carbon atons. Exanples of aryl ene
groups i nchmego+bebisare not limted to, dival ent radi calBCIFS2BE&H32HE,

napht hal ene, acenapht hene, phenant hrene, 2067ant hracene, fl uorene,

9-sil afl uorene, fluoranthene, benzopyrene, aromatic corene,

di hyr ophenant hr ene, Ak ek¢dlreln oy tane’ caftecydirfiecfesabnabigsbitied eheyb@yitene,
rubrene, and Rrysene Speci fi ¢ exanpl es of aryl ene groups include benzene-
1, 3-diyl, benzi "e‘efr%lo}éﬁt?fpamﬁ}&ﬂﬁflﬁa‘ll@fémfmfc diyl, naphthal ene-2, 6-diyl,

napht hal ene- 1, 4-di ylg ug&ﬂ%&ﬁyﬁr 5 6?{1 %onﬁén)ﬂzd %@lg?}&?ig:lmg%@igmﬁbset of the

phenant hren- 3, 8-di yl enat hren-

4,5,9,10- tetrahuwthnepwcbnfeh - divylent qnylbmmgmpﬁshh\yﬂlg’j’td ahmueﬂlgms%éaﬁmgd;.,ln
9-sil afl yoren- 2, ant hr acepe- yl ene- 3, 9- |,
peryl ene?3, 10- Eﬁrg;qze é%c#lmggq:;stﬂlpﬁgqm%eﬁéeqj@qﬁymcﬁc ar)Jf Ene contalns up to a'bgut 8 fused

5,6,12,13-tet le b
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attached to an gﬁ/ I% An exanﬁl e ipncludes, but B m’ 0,
phenoxy. An asfePiedf E"Gﬂ)? JuEhraGRRe s BUOFART eflenPYfeaeummﬁ% %nztoﬂﬁr BRCof a
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As used herein, tye term "carbocdyclic" refers to a ring formed of carbon
atons. 1Ibhere are nﬁslme&cbh@ahpms term fdoajughted” sifers ¢d unsaturded ugmpoursis diavipg t he

term "condensed pol c ar is a set Q aryl nd re ers
to dival ent ar 9 '6Ht ¥‘§¥6ﬂ Q-Fa P]i‘l °‘§DI’F 8r %‘[’(?i%‘? “f’é“flﬂ’s"’é@r%tlﬁgé:ar%f) °§(§H’§
enbodi nents, t B&&%Q%&%@H-camo}{%ﬁbmr %ﬁ;}ié BHR1sC 1@1&&4/@@ thHPrehA “aaéaﬁyug%tefdused
rings, up to about 6 fused rings, up to ‘about 4 fused rings, or fused

ri ngs. Exanpl esefensﬁoumdeats@doxppcblydydhatarmlcem]egzgc(buﬁwaxnmlplﬁden but are not

limted to, dival ent di cal s henant hr ene, ant race t hene,
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conpounds having at [east two carbon-carbon double or triple bonds w

al ternati ng cabbah- carbon single bonds and carbon-carbon double or triple
bonds. Likew se, t h%stu%éc:{%crglgc&njtéjrﬂ]a‘te?géroactive" refers a compound that transports
_ holes, transports electrons, or participates in an eleciron/hole recombination.
As used herein, “electrochemically stable” is meant stable to electrochemical
20 degradation such that any oxidation and/or reduction reactions entered into are
reversible.
As used herein, the term “fluoroalkyl” refers to an alkyl group that has at least
one hydrogen atom replaced with a fluorine atom.
As used herein, the term “heteroalkyl” includes both straight-chained, branched,
25 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
30 are not limited to, methoxy, ethoxy, propoxy, 3,6-dioxaheptyl, 3-(trimethylsilyl)-
propyl, poly(oxyalkylene) groups having a segment of formula ~O(C;HoO)y— where
m is an integer of 1 to 6 and y is an integer of 2 to 20, and poly(dialkylsiloxane) groups



refers to unsaturated conpounds that are not conjugated. For exanple, an
unconj ugated aromati c group can have two or nore carbon-carbon single bonds:-
15 i nt err oy 2ngo®4ser nat i ng car bon-carbon si ngl e bonds agd/ecanizan2ar bon
double or triple bonds. As used herein, the term"electroactive" refers a
conpound that transports holes, transports electrons, or participates in an
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thiadiazolyl, isothiazolyl, pyridinyl, pyridazinyl, pyrazinyl, pyrimidinyl, quinolinyl,
isoquinolinyl, benzofuranyl, benzothiophenyl, indolyl, carbazoyl, benzoxazolyl,
benzothiazolyl, benzimidazolyl, cinnolinyl, quinazolinyl, quinoxalinyl, phthaiazinyl,
benzothiadiazolyl, benzotriazinyl, phenazinyl, phenanthridinyl, acridinyl, and

20 indazolyl, siloles, and the like.

As used herein, “heteroaryls having a —C=N- unit” is a subset of the heteroaryls

and refers to heteroaryls that have a —-C=N- unit in at least one heteroaromatic ring.
Examples of suitable include, but are not limited to, oxadiazolyls, N-substituted-
triazolyls, N-substituted imidazolyls, N-substituted pyrazolyls, oxazolyls, isooxazolyls,

25 thiazolyls, isothiazolyls, pyridinyls, pyridazinyls, pyrimidinyls, pyrazinyls, triazinyls,
tetrazenyls, benzoxazolyls, benzothiazolyls, benzothiadiazolyls, quinolinyls,
isoquinolinyls, cinnolinyls, quinazolinyls, quinoxalinyls, phthalazinyls, benzotriazinyls,
phenazinyls, phenanthridinyls, acridinyls, and the like.

As used herein, “heteroaryls that are electron rich” is a subset of the heteroaryls

30 and refers to heteroaryls that can donate electron density from the heteroatom into a pi
bonding system. Exarmples include, but are not limited to, monovalent radicals of
diarylsilanolyls, thiophenyls, bithiophenyls, furanyls, N-alkyl carbazolyl, N-aryl
carbazolyl, N-alkyl pyrrolyl, N-aryl pyrrolyl, and the like.



thereof. In some enbodi nents, the heteroaryl ring has to up to 8 other
rings, up to 6 10 other rings, up to 4 other rings, up to 3 other rings, up
to 2 ot her wormgss/09e¥480ne ot her ring. The heteroaryl typi ealtlug2@ensamins up
to about 60 carbon atons. In sone enbodi ner@-s, the heteroaryl contains up
to about 50 carbon atons, up to about 40 carbon atons, up to about 30
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sitones. Specific examples of heteroarylenes include, but are not limited to, furan-2,5-
diyl, thiophene-2,4-diyl, 1,3,4-oxadiazole-2,5-diyl, 1,3,4-thiadiazole-2,5-diyl, 1,3~
20 thiazole-2,4-diyl, benzo[ 1,2,5]thiadiazole-4,7-diyl, 1,3-thiazole-2,5-diyl, pyridine-2,4-
diyl, pyridine-2,3-diy], pyridine-2,5-diyl, pyrimidine-2,4-diyl, quinoline-2,3-diyl, 1,1-
dialkyl-1H-silole-2,5-diyl, and the like.
As used herein, “heteroarylenes having -C=N- units” is a subset of
heteroarylenes and refers to heteroarylenes having a -C=N- unit in at least one
25 heteroaromatic ring. Examples of heteroarylenes having -C=N- units include, but are
not limited to, divalent radicals of oxadiazoles, N-substituted-triazoles, N-substituted
imidazoles, N-substituted pyrazoles, oxazoles, isoxazole, thiazoles, isothiazoles,
pyridines, pyridazines, pyrimidines, pyrazines, triazines, tetrazenes, benzoxazoles,
benzothiazoles, benzothiadiazoles, quinolines, isoquinolines, cinnolines, quinazolines,
30 quinoxalines, phthalazines, benzotriazines, phenazines, phenanthridines, acridines, and
the like.
As used herein, “heteroarylenes that are electron rich” is a subset of

heteroarylenes and refers to heteroarylenes that can donate electron density from the



of a heteroaromatic conpound. Such a heteroaromatic ring can be fused to one
or nore 5 rings and can contain 1 to about 10 other rings selected from d
anot her heteroeywbisc ring(s), heteroaryl ring(s), aryl pCTEe®B032047
cycl oal kenyl ring(s), cycloal kyl rings, ang- conbinations thereof. In sone
enbodi ments, the heteroaromatic ring is fused to up to 8 other rings, up to
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benzoxazol es, enzo benzo I'soqui nol i nes,

ci nnol i nes, qwrnst&zyelm NOMaticGingsli Eﬂaiﬂiblbmapmmﬁé gmup @syleriee acdiidel, Bad Aes,
phenazi nes, phenanthri di nes, acri di nes, ke. As used herein,
"het er oar yl end® limpited t&r@P@W@l@W@n”‘?WbWaphtgalﬁnes%rés,@(l paphthpdansr dndilenes and

refers to het GraALYLENeS i SARAR0ANE £h96 FiQN density from the
As used herein, the term “perfluoroalky” refers to an alkyl group that has ali the

20 hydrogen atoms replaced with fluorine atoms. A perfluoroalkyl is a subset of a
fluoroalkyl.

As used herein, the term “phenylene group aryl” is a subset of aryl and refers to
monovalent unsaturated aromatic carbocyclic radicals having one, two, or three
conjugated phenyl or phenylene rings (e.g. phenyl, biphenyl, and terphenyl) that are

25 optionally fused with divalent radicals of alkylene or di-substituted silylene (-Si(R);-)
where each R is independently selected from a C,.3p alkyl, Ca.30 alkenyl, Cy.30 alkoxy,
Ce.0 aryl, Ceap aryloxy, Cy.a0 heteroalkyl, Cs o heteroaryl, fluoro, Cy 30 fluorcalkyl, C;.
3o perfluoroalkyl, and combinations thereof. An unsubstituted phenylene group aryl has
up to three carbocyclic aromatic rings. Examples of suitable phenylene group aryls

30 include, but are not limited to, phenyl, biphenyl, terphenyl, 5,6-dihydrophenathrenyl,
4,5,9,10-tetrahydropyrenyl, fluorenyl, 9-silafluorenyl, spirobisfluorenyl, 6,12-
dihydroindeno[ 1,2-blfluorenyl, 5,12-dihydro-6H-indeno[ 1,2-b]phenathrenyl, 5,6,12,13-
tetrahydrodibenzo[a,h]anthracenyl, and the like.
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Sui t abl e exanpl es i nclude divalent radicals of diarylsilanoles, thiophenes,
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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
- composition that is selution proeessible can be coated from a solution as a thin film. In
other embodiments, a solution of the compound of composition can be applied to a
20 substrate. For example, the solution can be printed or coated onto a substrate.

As used herein, the term “substituent” refers to alkyl, alkenyl, alkoxy, aryl,
aryloxy, heteroalkyl, heteroaryl, fluoro, fluoroalkyl, perfluoroalkyl, and the like. The
various groups in Formula I can be substituted, for example, with one or more groups
selected Cj.39 alkyl, Ca.30 alkenyl, Cy.sp alkoxy, Ce.oo aryl, Cs.o0 aryloxy, Cisp

25 heteroalkyl, Cs.50 heteroaryl, fluoro, Cy.30 fluoroalkyl, and Ciag perﬂuoroalky'l.

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 aromatic amines include
diarylanilines; alkyl carbazole; aryl carbazole; and tetraaryldiamines such as, for

30 example, N,N,N’N’-tetraarylbenzidines, N,N,N’,N’tetraaryl-1,4-phenylenediamines,
N,N,N’N” tetraryl-2,7-diaminofluorene derivatives such as those taught in patent
applications EP 0 953 624 Al 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—ylj—N,N‘-



up to three carbocyclic aromatic rings. Exanples of suitable phenyl ene group
aryls 30 include, but are not limted to, phenyl, biphenyl, terphenyl, '
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unsaturated aromatic carbocyclic radical of a tertiary aromatic amine as defined above.

20 Compounds
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 —C=N- unit. The compounds can be used in
25 organic electronic devices. For example, the compounds can be used as electron
transport materials in organic electronic devices such as organic electroluminescent
devices.

The compounds have a structure according to Formula I:

(E,),

30 I

EC [;'\ﬂ] EC

wherein



selected CI-30 al kyl, C2-30 al kenyl, Cl-30 al koxy, C6.20 aryl, C6-20

aryl oxy, d-30 25 heteroal kyl, C3-20 heteroaryl, fluoro, d-30 fluoroalkyl,
and C1-30 pgofhbumaweabkyl. As used herein, the term "tertipeyusfoopwie am ne”
refers to a class of nolecular conpounds haging one or nore tertiary
nitrogen centers and each nitrogen center is bonded to three aromatic
carbon centers. Exanples gfnh ke kiifleperlcRTRE phe@MRARCS obPEVHAR or a naphthalene
diarylanilines; alkyl carbazole; aryl carbazol e; and tetfaaryl diam nes such
as, for 30 exargpuw, arjene Nlat\lis-ureulpsaiartgd bokitdizted syith one or more groups selected from

NN, N, N tet I, 4- phenyl enedi api NN, NN
etraryl -2, 7 dedidierab e B Gy PO o daiie el b e fugsaly. Al
applications EReRr&@2, ffcbiathishded79 868 A2,

N, N - bi s(3-nmet hyl phenyl )-N, N - bi s(phen]gll benzi di ne (al so known as TPD),
N, N - bi s(3- napht hal en- 2- ya¥h NisNndiengdgoly/ 48 PCT/ US2003/ 032047 -12

bi s(phenyl ) benzi di ne (al so known as NPB 1,4-bis r ba yl Lbi phenyl (al so
known as CBP), and ot hereaflégr 1P 'T’p&f’gerﬁhﬁéﬂ SHEFE“{Fg‘%’ﬁ%@”&?@HT)gSmF‘H?)E%
described in B. E. Keene et al., Chem Mater., 16, 2235-2250 (1998), U. S
Patent No. 5,792,557, U S. Patent No. 5,550,290land patent application EP O
891 121 Al; peraryltriam ne derivatives such a hose described in U S.

Pat ent No. 6,074,734 and patent application EP 7 367 Al; starburst

am ne derivatives such as 4,4',4"-tri (N, Ndi aryljam no) tri phenyl am nes and
1,3,5-tris(4-diarylam nophenyl )benzenes;y 4, 4', 4" ~&[i s(N, N-

di phenyl ani no) tri phenyl ani ne (al so ko, as TDA?%)I{I 4,4 4"-tris(N 3-

nmet hyl phenyl - N- phenyl am no) tri phenyl agine (al so Known as nirDATA) ;
1,3,5-Tris(4 10 di phenyl am nophenyl)bgnzenes (T ,%PBS); and ot her dendridic
and Spiro amne derivatives as taughtr in patent application EP 0 650 955
Al, Tokito et al., Polym Prep. (Am em Soc. (fiv. Polym Chem) 38(1),
388-389 (1997), Tameke et al., Chem Comrun., 2175-21761 (1996), and Tokito

et al., Appl. Inst. Phys.ecacH&(it5depd2RAdy D931o(MRY Hherd R’ Axullig edtyhBéteioarylt he
term"tertiary aromatic amno aryl” refers to a nonoval ent aronmatic ring
radi cal &9 a t drctareptyylapiorrambivatigns fereed, defi ned above. As used herein, the

term® tertiary aromatic am ng ﬁﬁ%@e@@xﬁmﬁ b @hbob fe1R i?’g%& atdigpﬁﬁltbgtrit% &d
aromatic carbocyclic radical "of "a tertiary aronmatic anm e as defined above.
or substituted with one or more groups selected from alkyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, flaoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, alkyl oxadiazolyl,
aryl oxadiazolyl, alkyl triazolyl, aryl triazolyl, diarylamino, aryldiarylamino, and
15 combinations thereof:

each asterisk (-*) indicates the location of a bond to another group in the

compound;
n is an integer equal to 1 or 2; and
each end capping group (EC) is independently a carbocyclic aryl,
20 heteroaryl, or tertiary amino aryl group that is unsubstituted or substituted with one or

more groups selected from alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl,
perfluoroalkyl, heteroalkyl, heteroaryl, and combinations thereof, wherein no more than
one EC is a group of Formula I or Formula IIL
As used herein, the term “aromatic core” refers to that portion of the compound
25 of Formula I that is not an end capping group. The aromatic core can include
cartbocyclic 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.



20 Conpounds One aspect of the invention provides conpounds that have an
aromatic core and two end capping groups (EC) that are conjugated to the
aromati c ®d¥ ®o4Tdsessar omati ¢ core contains a phenyl ene graus2eEBys®ae or a
napht hal ene group aryl ene having a pendani-heteroaryl group that includes a
-C=N- unit. The conpounds can be used in 25 organic electronic devices. For

exanpl e, the conpouRds,&AinRer FeRfIAS cl BEA EGpodidaisRehhla i &rval s in
organi c el ectronic devices such as organic el ectrol um nescent devices. The

conpounds have a structure accordi ngete—Forhutgd: ECG---f- - i r' EC (Ey)a
30 | wherein WD 2004/ 096948 PCT/ US2003/ 034047 -13 each Ar' is independently
a phenyl ene group aryl ene or a naphthal enéEy)group arylene that is
unsubstituted or substituted with one or nore groups selected from alkyl,

al kenyl , al koxy, aryl, aryloxy, fluoro, fllMoroal kyl, perfl uoroalky,

het er oal kyl, heteroaryl, and conbinations thereof; 5 each a is

i ndependently 1 or 2; each Ey, is independently a structure of Formula H or
Formula M x~' x N~N~N Ar 2 AreE?___I_I Irl_g_a pv_X gs i ndependently 0, S, or
NR , where R2 is alkyl, aryl, heteroaryl, 1% h roal kyl, or conbinations

t hereof ; each Art is independently a car(Eo)%yQ[Ei)g aryl group that is
unsubstPtuted or substituted with one or “nore’§roups sel ected from al kyl,

al kenyl , al koxy, aryl, aryloxy, fluoro, f{yuoroal kyl, perfluoroalkyl,
het er oal kyl , heteroaryl, alkyl oxadiazolyl,
The end capping groups (EC) can be the same or different.

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

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
-C=N- unit (i.e., E, in Formula I). A -C=N- unit tend to be electron deficient compared
to a carbon-carbon double bond. In some embodiments, the ~C=N- unit can provide

15 electron transport and electron injection properties to the compounds. The Ar' group
and the end capping groups can be chosen to provide additional functions to the
compounds. For example, in some embodiments, the compounds 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

20 molecules.

Substitnent groups can be on the Ar' -(Ey)a group, the end capping groups, or a
combination thereof. The substituents can be selected from alkyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, fluoroalkyl, perfluoroalky, heteroalkyl, heteroaryl, and combinations
thereof. In some embodiments, the compounds are substituted with a Cy_3p alkyl, Ca.39

25 alkenyl, C; .39 alkoxy, Ce.30 aryl, Ce.39 aryloxy, fluoro, Cy.3p fluoroalkyl, Cj.30
perfluoroalkyl, C,_sp heteroalkyl, Cs 30 heteroaryl, and combinations thereof. For
example, the compounds can be substituted with a Cy.2p alkyl, Cp.0 alkenyl, Cj.o9
alkoxy, Ce.ap aryl, Cs 29 aryloxy, fluoro, Ci.20 fluoroalkyl, Ci.go perflucroalkyl, Ci.a0

heteroalkyl, a Cs.9 heteroaryl, and combinations thereof.



aryl oxadi azolyl, alkyl triazolyl, aryl triazolyl, diarylamno,

aryl di aryl am no, and 15 conbi nations thereof; each asterisk (-*) indicates

t he | ocati oo odos@eddend to another group in the conpound;par/uszasinsiznteger
equal to | or 2; and each end capping groupi{-EC) is independently a
carbocyclic aryl, 20 heteroaryl, or tertiary amno aryl group that is
unsubstituted or sulgt 'sﬁﬁéiiﬁfénﬁ’\grhh‘ﬁn% eRhand¥Df R eQz’ixﬁF’l@?thﬁ%bﬁBﬂﬁ?of fugm al kyl,

al kenyl , al koxy, aryl, aryloxy, fluoro, fluoroalkyt, perfluoroalkyl,

het er oal kyl , hetmpasndglin organic solybitnahe oormpathelivoff themenpimdsnwithotleert han  one
ECis a group of Formnula |11 aor. Formula.lll. As.used herein, the . ter N
"aromatic cor e PEEHL atcémlpﬁ?ﬁmlbgp? PR PRofess Oﬂnﬁco%h%qonﬁgf’rﬁﬂﬂ]a b2t hat
is not an end e@RBtREHER HdiT MR B Far&0EEr, GRlifyNEE WiezatieRpbRaNal | C

aryl ene groups, heteroarylene groups, tertiary aromatic am no aryl ene
groups, and comwiddatthoelsctirefBoty, rqhes irramadeonatdr dnisoneegdasnisptctionplbgt any
particul ar synthesi s net hod order of synthesis. 004/096948

BT US2003/ 03269 HHo04GF B IE AU OBY O Pl ECS AOhpatRRc o

Formul a 1V or VibstiffenProupieah helpFthpresd ¥edebson afM phie sedardiién i3 a (Ey)a V
The end capping groups (EC) can be the sane or dlffperent. The conpounds can
be sol ution pree@gsislsavhen ghef eommppsanilhice fommgd inid thif Bimsuse in  organic

el ectroni c devices. .In sone, enbodi ts, the en appin roups..and the 10
aromatic core can b& E‘?{B%%rﬁb?c{d%ﬁ?%\g? Q’ee dé’"@é’ﬁﬂ@%%cfﬁ? ﬁﬁ"tem?%@grf‘ﬁ?%ﬁ% can

10 include a divalent poly(oxyalkylene) soft segment of Formula VI
O(CmHQmO)y *

*

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

*‘{ Si(CwH2w+1 )201—‘*
Y

15 : v
where m is an integer of 1 to 6, y is an integer of 2 to 20, and w is an integer of 1 to 10.
In some emdodiments, the poly(oxyalkylene) or poly(dialkylsiloxane) soft segment can
be connected to an alkyl, aryl, or heteroaryl group. The substituent can, for example,
héve Formula VIII

—farf—ss—r"

20
VHI
where S8 is a poly(oxyalkylene) or poly(dialkylsiloxane) soft segment, At 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 VI can
25 reduce the formation of intermolecular or intramolecular configurations that preduce

undesirable excimer or exciplex emission.

In other embodiments, the compounds of the invention can be substituted with
one or more groups selected from fluoro, Cj.30 fluoroalkyl, and C;.54 perfluoroalky.
These substituents can improve the solubility and the film forming properties of the

30 compounds, can increase the ionization potential and electron affinity of the



The conpounds of Fornmula | can be used as electron transport agents in
organic electronic devices. The aromatic core contains at |east one ;
het er oar ywarooumeshavi ng a -C=N- unit (i.e., Ey in Formplca/spoo3ds20CeN- unit
tend to be electron deficient conpared taga carbon-carbon double bond. In
sonme enbodi nents, the -C=N- unit can provide 15 el ectron transport and

el ectron inj egRnf, SR8 chinBhaliOn (Hifof OUBRBBEGSds hhkE: iin&é@s‘é@iorﬁi‘cﬁiohhe end

cappi ng groups can be chosen to provide additional functions to the
conpounds. Farotexahpidsledtronsadfipiterdsodpreeasisy, injdreclconpound dlackhobs wised as

el ectron transport agent s,.well as hole transpgrti | ecul es. ,I n ot her
enbodi nent s, Lfsﬁ‘g.lrb : B‘ﬁr‘i’fﬁc relynipgs ool dgViges- elflg%rtor ﬁﬁoﬁoggﬁggﬁp?ﬁﬁﬁmﬁg‘lygcul es as
vel | as |ightsu®ffthéntd8an A Rl Rpor RSt SUBBECIHOAHIIS ab@haRe R ¢RRr
Art-(Ey)a group, the end capping groups, or a conbination thereof. The

substi t Bent s toampiedepesibct ed from al kyl, al kenyl, al koxy, aryl, aryl oxy,

fl , Tl | ky{, fl | k het | Kyl . het I d

combi nati ons. 1 hey BSPEE SPEHBA LS B e e ke SRR RSt  ut e
with a C-30 glekyfers, SRc35% ar?ﬁaﬂﬁdﬁ?m&nd nitto é@u?i,lfﬂiwbe e Sfabd Becauseluad

aryl oXy, fluoro, Cl-30 fluoroal kyl, C-30 perfluoroal kyl, C1-30 heteroal kyl,

C3- 30 het er oagrphips ecandlegubitheatl¢atrobintinescenfelfifoncy ebhcappliecleethdumnepeuhds can

be substituted with a Cl-20 al.kyl .20 al kenyl , Cl-20 | ko .20 _aryl,
G520 aryl oxyeHfictioPbsora By TS TP et E0He kb fopudrif ferghagral
het er ogphky!l , @infAatZéh REERIMQALH as ARG HAALY, Rl RNMIENRHRA ecatd® sd0MAHH 948
PCT/ US2003/ 032047 -15 The substituent groups can enhance, for exanple, the

sol ubi | ity of canhlegrade msoepsdingdifesimesmi{ orgamic/dactsolumingseenhgemi¢dsi I sgmef t he

conpounds with other materials.in a coppositian, | ut.i

processi bil | t%/lflbooél;mgmé’os ?thtﬁ?qt%wa{]%oélpé%g&af‘s?h% P r%tﬁgés?ﬁ{ ?Jagln nd e%gn nodi fy the
sol ubi l'ity pagiei®icBémicaP@hdiiont Nech eNpidhiy@R seaindhtyl ahines; ph@dld, Mlcbhels,&hn@ct r on
affinity, reduce intranol ecular or internolecular interactions that can
produce undesihe dk¢.dnanbesndsaisablobecanse sushrBiovas ronboredutrdde hygiggenduing e,

L S e N T
of the conpoupgstodeldthiBatistyefithé Gfthode fidhdtithtd €ailure 8fthe 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
20 amounts less than about 1000 parts per million (ppm) by weight. Additionally, groups
such as parafluorophenyl 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.

The compounds of the invention contain one or two groups of Formula IXX

hr—
(E,),

IX

*

25

in the aromatic core. Each group of Formula IX is independently a phenylene group
arylene or naphthalene group arylene. Suitable groups of Formula IX include, but are

not Hmited to, a divalent radical of



10 include a dival ent pol y(oxyal kyl ene) soft segnment of Formnula VI
ACMH2MO) Y VI or a divalent poly(dialkylsiloxane) soft segnment of Fornula
VI Si(CWRa20)206948 15 VII where mis an integer of 1 toThis2g03ios20an
integer of 2 to 20, and wis an integer of 17to0 10. In sone endodi nents,
t he pol y(oxyal kyl ene) or pol y(di al kyl sil oxane) soft segnent can b
connected to an aht

e
|, aryl, or heteroaryl group. The substituent can, for
exanpl e, have Fornula Vi ARE S VI wheke SS is 3 E,
pol y(oxyal kyl eney=gr poI Si sof t, Ar in ene
group, v is an int erEyf g or~1, and R" isEnh aiyl " heétgrparw~ar"a al kyl .

I'n sone exanples,, R" is a &eri cal I'§ hi Pdered group. Gougs according to
Formula VII1I1 can reduce e formaticH of, int er}rﬂﬁoecul ar or int¥anol ecul ar
configurations that produce undesirable exciJrer or exciplex emssion. In

ot her enbodi nents, the conpoungssof the invéddti on can be §dpstituted with

o fluoroal k), and Cl -30

and the film

form ng properti ) tion
potenti al he WE(2003,086948—RCT/ BS2003/ 032047 - 16
conpounds, Conmpaunds havi ng ap increased

i oni zation potent; al andvel ectron affinity can nore easily inject el ectrons
and bl ock hol es whenXVused i nXWi gani c_el ectX¥llum nescent eni ces. Fl uoro,
fluoroal kyl, or perfluoroal kyl substituents can also | ower the’vapor
pressure of the conpojhgs and nmake them easier 5 to vapor deposit.

GO ass|

XXIX XXX XXXI



In sone enbodi nents, substituents that are known to be photol um nescent
quenchers, such as aryl carbonyls and nitro groups, nay be undesirable '
because sughoigre@ups can degrade the el ectrol um nescentPEF/UFHNEIECY70f
organi ¢ el ectrol um nescent devices. In sb¥e enbodi ments, substituents that
are known to undergo el ectrochem cal 10 elimnation reactions, such as al kyl
am nes, may be undeS|rabIe bdgause such groups can degradeg the operating
lifetines of or gan Kum nescerit’),devi ces. I n sone Rerbodi ment s,
substituents tha ' f

el ectrochem cg
al cohol s, and
reduced to hydfogen durlno 15 opers 3
devi ce. The géneration of H§Hrogen ca |ead yghdel &n ¥,

and ultimate failure of the organic el ectrol um nescent device. Chlorine,
bromi ne, iodine, BOfX¥Hhic acid, and boronXxdHter substitUeRK®/ can cause

el ectrochenical instability in some embodi ments. Such groups, if present in
t he conpounds of thﬁ inventi g as i mpur iR%j,es, gshoul d be present in 20
amounts | ess than §bBut 1000 parts per -u|||ony o7 by wei ght.

Additionally, gro S ! =2) not be desirable in sone
appl i cati ons bhgcay o irreversible

electrochenlcaf

i f other desirAble charatt@ristics can gbe obtalngd The conpounds of the
i nvention corffai n one or tw),groups of Forrrula ™ *-Ar 1 25 (Ey)a IX in

the aromatic core. group of Fornula I i ndependently a phenyl ene
group arylene or %§g&hhalene grcup aryleﬁngghitable groups of Formula I X

i ncl ude, but are 0 di.val ent radical 2004/.09694
PCT/ US2003/ oé%&srunsuﬁsf“?w o o S‘\bs\ﬂuﬁe \Wifh onepRy mety EEQNDE §¢ OIE? V\%mm a Ciaoalkyl,

Cagpalkenyl, Cyagalkoxy, Ce.nqaryl, Ce oo aryloxy, fluoro, Ci.gg fluoroalkyl, Cy 2
5 perfluoroalkyl, C).o0 heteroalkyl, Cs.a0 beteroaryl, and combinations thereof. Each R is
independently a C; .30 alkyl, Caapalkenyl, Cj30 alkoxy, Ce.30 aryl, Ce.30 aryloxy, Ciap
heteroaryl, C; 30 heteroalkyl, and combinations thereof. Each R’is independently
selected from hydrogen, C;.3p alkyl, Cy.30 alkenyl, C;.30 alkoxy, Ce.3p aryl, Ce.3 aryloxy,
(3.0 heteroaryl, C;_ 30 heteroalkyl, and combinations thereof.
10 Any R or R? group in the aromatic core can include a divalent

poly(oxyalkylene) soft segment of Formula VI

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

*Af Si(CwH2w+1)20{1-*
y

via

15

where m is an integer of 1 to 6, y is an integer of 2 to 20, and w is an integer of 1 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,
20 have Formula VIII



x XI Er XIl XIll XIVR3 ) R3)4 R3)4 4 0 - ) c¢c EY EY Ev Ev Er XV XVI XVII

XMl R3)a RRRRRO (R3)4 Ey EEv EV Y XIX XX XXI XXI RRR RRR R~
Bi S Ev EXvdyooRoodsyd  ~ Ey XXII1 XXIV XXV XXVI E R By _ RIRRwe3B2R7EV R
Ev REY 5 XXVI-a XXVII XXVIII R RRRE RRRaEY (R4 EY (Ra XXI X XXX

AAAI WD 2004/ 096948 PCT/ uszoo3/ 032047 -18- EY R R 0)40 R3_ EY (R3)a EY
(Ra EY (R3), XXX | XXX XXXI V
—EAr SS—R"

VI
where SS is a poly(oxyalkylene) or poly(dialkylsiloxane) soft segment, Ar is an arylene
group, v is an integer of O or 1, and R” is an aryl, heteroaryl, or a alkyl. In some
5 examples, R” is a sterically hindered group. Groups according to Formula VIII can
reduce the formation of intermolecular or intramolecular configurations that produce
undesirable excimer or exciplex emission.

In some compounds, at least one divalent radical of Formula IX can be selected

from
E, E, E: Ey E,
10 XXXVIE - XXXV XXXIX, XL ,
XLl , XL , xuv
XLVl , XLVII D R/ | B xux _and
E

L
that is unsubstituted or substituted with one or more groups selected from C;qalkyl,
15 Ca.n atkenyl, Cyopalkoxy, Ce.op aryl, Ce.op aryloxy, fluoro, Cy.o0 fluoroalkyl, C;op
perfluoroalkyl, Cy.o heteroalkyl, Cs.zo heteroaryl, and combinations thereof.



R3 EY R3)a EY EY (R3), EY (R3)a XXXV or XXXVl that is unsubstituted or
substituted with one or nore groups selected froma Cl1-20 al kyl, C2-20 v
al kenyl , €O-20/@bk%8xy, C6-20 aryl, C6-20 aryloxy, fl uorect@sz@ddofbioroal kyl ,
Cl-20 5 perfluoroal kyl, Cl-20heteroal kyl -2@3- 2o0het eroaryl, and conbi nati ons
thereof. Each Ris independently a Cl-30 al kyl, C2-30 al kenyl, Cl-30

al koxy, Chao aryl Jn Gihe38xBAMED MY leadedndBivaleat RHQAI ¥ Forflul3(X bel ey erkieyl . and
conbi nati ons thereof. Each is independently selected from hydrogen,
C1-30 al kyl, fom 30 al kenyl, Cl-30 al koxy, C6-30 aryl, C6-30 aryloxy, C3-30
heteroaryl, Cl-30 heteroal kyl, and conhi nations ther EOfa 10 Any R or R3
group in the aronati gore can includéh dival ent p Bxyal kyl ene) soft
segnent of Fornula M A CnH2m0O) Y7 or a diva
pol y(di al kyl si | gx , 1) 2C* Y VI
where mis ans—{ : ] ‘ . , and wis an
integer of 1 to )0 gome enbodi , the pol y(o A gne) or

pol y(di al kyl si kxane) soft segnent can be connected t'o an al kyl, aryl, or
het er oaryl ~gr oup. gg substi t uent cqzr! for exanple, 2Qyhave Fornula VII1 WO
2004/ 096948 PCT/ US2003/ 03204% -19 Ar -SS-R VI ere SS-

pol y(oxyal kyl ene) or I y(di al kyl si | oxane) soft segnent, Ar is an aryl ene
group, v is an integ4 4of Oor 1, and R' is an aryl, heteroaryl, or a alkyl.

In sone 5 exanpl e_ﬁ s a sterically hindered group. Goups according to
Formula Vi1 @-u b he formation of internolecular or intranolecul ar
configurations a-@

E,
(R,
LV
5 that is unsubstituted or substituted with one or more groups selected from C) 5 alkyl,

Caap alkenyl, Cyz0 alkoxy, Ce.ap aryl, Ce.z9 aryloxy, fluoro, Cypp fluorcalkyl, Ci.o
perfluoroalkyl, C).o0 heteroalkyl, Cs.po heteroaryl, and combinations thereof. Each R?is
independently selected from hydrogen, Ci.3p alkyl, Cs.30 alkenyl, Ci3p alkoxy, Ce.30

aryl, Cg.30 aryloxy, Cs_3p heteroaryl, Cj.30 heteroalkyl, and combinations thereof.

10 In yet other examples, at least one divalent radical of Formula IX is selected
from
R R
i R R R i
Ey Ey Y
LVI ) LVII ’ LVHI ,
R R F‘i iR Evi
! !! E R
¥
B § P R



undesi rabl e exci ner or exciplex em ssion. In sone conpounds, at |east one
di val ent radical of Fornula | X can be selected fromEr - Er Er 10 XXXVII
XXXVI LT, Ax@laondecodkl \ \ \ \ | / / \ Er Er | / | Er EypE&ru¥dobozteii!l XLIV
XLV Ey E Er Er r Er Er XLVI XLVII XLVIT1 XptX L and Er EY LI that is
unsubstituted or substituted with one or nore groups selected fromC 20

al kyl, 15 C2-20 alk ny&i, G -20 al koxy, C6-20garyl, C6£20 aryloxy, fluoro,
Cl20 fl uoroal kyl, @ perflugroal kyl, C 2o hetergs Kyl, C3 20

het er oaryl, and..corbi oS eof . >q041,08 ' US2003/ 032047 -20
I n ot her exanples gast of mul a | X can be

sel ected from% R Y4 By By LIV and R3) 4 Ey
(83)4 LV ¥

LXV and LXVI

that is unsubstituted or substituted with one or more groups selected from C; 55 alkyl,
5 Ca.gp alkenyl, Cragalkoxy, Ceaoarvl, Ce.o0 aryloxy, fluore, Ci.ap flueroalkyl, Ci.op
perfluoroalkyl, C;_» heteroalkyl, Cs.50 heteroaryl, and combinations thereof. Each R is
independently selected from Ci.30 alkyl, Ca3 alkenyl, Cy_3p alkoxy, Ce 3p aryl, Cs.30
aryloxy, Cs.30 heteroaryl, Cy.3 heteroalkyl, and combinations thereof. Each R’is
independently selected from hydrogen, Cj.3g alkyl, Ca39 alkenyl, C;_3p alkoxy, Cgso
10 aryl, Ce.30 aryloxy, Cs.30 beteroaryl, Cy_3¢ heteroalkyl, and combinations thereof.

Each E, in Formula I is 2 monovalent radical of Formula II or Formula III:

-
x" ) x
>5 N =N
A A
I III

where each X is independently O, S, or NR', where R!is an alkyl, aryl, heteroaryl,

15 heteroalkyl, or combinations thereof. Each Ar® in Formula II and Formula I is



5 that is unsubstituted or substituted with one or nore groups selected from
Cl-20 al kyl, C2-20 alkenyl, d 20 al koxy, C6-20 aryl, C6-20 aryloxy, fluoro;
Cl - 20 fl upoomblydlsessCl 20 perfluoroal kyl, C 1-20 het er o@CIlS20088320¢7

het eroaryl, and conbi nations thereof. EacB2R3 is independently sel ected
from hydrogen, d-3o0 al kyl, C2-3() al kenyl, Cl-30 al koxy, C6-30 aryl, C6-30

aryl oxy, C3- ?aﬂdiqﬁmm@raydaxbc@bsclﬁomﬂpg@ﬁpa1rhaqu,r2 @0dp GOFPichRy h 0QS, dahﬁfcgaio , 10
In yet other exanples J east one divalent radical of Formula I X is

sel beted fr oM FERR FGAR seyupsyprshorgpd tq e resyiof By iropgh 2 parhogqyche mpmagly R Ey
e X R B ST ARy R R B R "
(R3)4 LXV , and HodMulatliiat i s unsubstituted or substituted with one or nore
groups ‘?S ¢l ect ed f rl?lrgogp EIZIlObO%]!I]ll(%lltS Ar”is an aryl group selected from phenyl, biphenyl,
terphenyl, anthryl, naphthyl, acenaphthyl, phenanthryl, dihydrophenathrenyl,
anthracenyl, fluorenyl, 9-silafluorenyl, tetrahydropyrenyl, perylenyl, spirobisfluorenyl,
fluoranthenyl, pyrenyl, dihydropyrenyl, tetrahydropyrenyl, rubrenyl, chrysenyl,
5,6,12,13-tetrahydrodibenzofa,hjanthracenyl, 6,12-dihydroindeno(1,2-b]fluorenyl,
10 S,12-dihydro-6H-indeno[1,2-b]phenathrenyl, dihydrophenathrenyl, and
benzo[g,h,I]perylenyl that is unsubstituted or substituted with one or more C).o alkyl,
Caap alkenyl, C; 50 alkoxy, Ces.op aryl, Cs.ao aryloxy, fluoro, Cy_po fluoroalkyl, C 5
perfluoroalkyl, Cy.o0 heteroalkyl, Cs.o0 heteroaryl, Cs 39 alkyl oxadiazolyl, Cs.39 aryl
oxadiazolyl, Cs. alkyl triazolyl, Cs.30 aryl triazolyl, Cs.3 diarylamino, Ci.30
15 diarylaminoaryl, and combinations thereof.
Some embodiments of Ar> are substituted with one or more Cy.20 alkyl, Cy.9
alkoxy, Cs.a0 aryl, Cg.og aryloxy, Cq go fluoroalkyl, C;.50 heteroaryl, Cs.ag alkyl
oxadiazolyl, Cs.3 aryl oxadiazolyl, Cs 39 alkyl triazolyl, or Cs_39 aryl triazolyl.

Examples of substituted Ar® groups include, for example, monovalent radicals of

RPB
o OG0y
Bels! ee%at]

20 LXVII , LXVII , LXIX




5 C2-20 al kenyl; Cl-20 al koxy, C6-20 aryl, C6-20 aryloxy, fluoro, Cl-20
fluoroal kyl, Cl1-20 perfluoroal kyl, Cl1-20 heteroal kyl, C3-20 heteroaryl, and
conbi nat i orgo bhwgediis Each R is independently sel ected framGoed2a@bkyl ,
C2-30 al kenyl, d-30 al koxy, C6-30 aryl, C&8B0 aryloxy, C3-30 heteroaryl,
C1-30 heteroal kyl, and conbi nati ons thereof. Each R3 is independently

sel ected from hydieame, Feth XUs &ldéyéndefelpO, 8! loai! wifeks ROisad &% Yiky (0% 30ard 0
aryl, C6-30 aryloxy, C3.30 heteroaryl, Cl-30 heteroal kyl, and comnbi nati ons

t hereof. EachCky lieterpayhiliac het¢realiyhonesmbiaationsgbsreal.  Bachd istiepentersty

Formula 111:  X;N. X N - Ar2 [ 1,0 re_each i S _inde ntly 0, S,
or NRl, where prlcgted gﬁmaqjlka\? Fl,k%i(rigﬂf’? alh%qyggﬁﬁﬁoxy’l(é‘%éfy& %ﬁ%%&ﬁ ‘,%\ Orcg‘zo

combi nati ons t heeaiyl, €A MmeRfuiy, marcobimatibnat@rdodr mula 111 is WO

2004/ 096948 PCT/ US2003/ 032047 -22 independently a carbocyclic _aryl group.
The Are group is typtsend gmbodigens, €ay Boby betewcyelioangypfdipmuipmi onFemeila il s
are bonded to h@%ﬁ%@égaff Ey t hrough a carbocyclic aromatic ring included
in Are. That 8,7 Ar |§ggdnjugated to the heterocyclic ring in Formula |
and Formula M 5 |nspgﬁﬁc@ﬂﬁ@ﬁb@@ﬂh§dhﬁ%ﬁfﬂﬁﬁmpn aryl group selected from
phenyl, biphenyl, terphenyl, anthryl, naphthyl, acenaphthyl, phenanthryl,
di hydr ophenat hrenyl, ant hracenyl, fl uorenyhy—9~sil afl uorenyl,

t et rahydr opyrenyl, perylenyl, spirobisfluorﬁ? |, fluoranthenyl, pyrenyl,

di hydropyrenyl, tetrahydropyrenyl, rubrenyl é&rysenyl,

5,6,12, 13-t etrahydr odi benzo[ a, h] ant hracenyl ,

6, 12- di hydr oi ndeno[ 1, 2-b] fl uorenyl, 10 X

5, 12-di hydr o- 6H i ndeno[ 1, 2- b] phenat hr enyl , dihydggphgnathrenyl, and
benzo[ g, h, | ] peryl enyl that is unsubstituted or sub$yituted with one or nore
Cl-20 al kyl, C2-20 al kenyl, C-20 al koxy, C&- 20 aryl oxy,
fluoro, Cl-20 fluoroal kyl, C-20 perfluoroal k teroal kyl, C3-20
het eroaryl, C3-30 al kyl oxadi azolyl, C3-30 aryl C3-20 al kyl
triazolyl, C3-30 aryl triazolyl, C3-30 diarylanung
di aryl am noaryl, and conbi nati ons thereof. N

10 in Formula I include, but are not limited to,

OCH,, OCH,, OCqH,,

LXXN . LXXIH , LXXIV



Sonme enbodi nents of Ar2 are substituted with one or nore Cl-20 alkyl, d-20
al koxy, C6-20 aryl, C6-20 aryloxy, C-20 fluoroal kyl, C3-20 heteroaryl :
C3- 30 al kyo 2xagtogzol yl , C3.30 aryl oxadiazolyl, C3-30 palikyd2edsr03820! yI or
C3-30 aryl trlazolyl. Exanples of substitMted Are groups include, for
exanpl e, nmonovalent radicals of N N~-NXRRNN NE~~~/ /1 NNX X
20 LXVI1 LXVII I R LXX R R MQ 2004/ 096948 US2003/ 032047 -23 and

the |like. Each—X depende S, or NR 2. R1 is a Cl-30 al kyl,
C6-20 aryl, C3-304eteroaryl, 30 heteroalky Or conbi nati ons t hereof.
Each R i s independe sel ected Cl -30 al kyl -30 al kenry Cl -30

al koxy, C6-20 aryl,
conbi nati ons t hereof
of Formula Il or ForrnJI‘ N II .
di val ent radical "-Arg : C8 17 CBHh N )

i ncl ude, but are not Ilféﬁed t f? E;N
817

B1.f

20 aryl oxy 20 heteroary Cl - 30 ‘hefer gal kyl , and
' i s Na=fhe heteroeyClic ring
e |c exanplqmuﬁ t he

CgH,,0

LXXV LXXVI LXXVIl XXV

2 2

*

=N ;
\ N
N O N
F I
C,H,,0
LXXIX LXXX

O

i :
Z\_,,——Z *

LXKXI LXXXI



NN_I 9 ~N CH80O OCBH17 0C8H17 OC 9H 17 LXXIl LXXI 11 LXXIV WD 2004/ 096948
PCT/ US2003/ 032047 -24- /| -NN-N-N s I \ N\ OO\ OC8H'" OC8H17 OCBH17

CaHL70 LXXVvhX¥MookodXVI | LXXVITI ONONIN FF FF CREO0bIshs LXXX
“-N-NO1iN'NFF FF FO',-, OCH3 LXX LXXXI| W 2004/ 096948

PCT/ US2003/ 032047 -25 N N N

- ﬁ *
=N >>:_,N _,N
0 \ o /\N 5] \

=N

LXXXII LXXXIV LXXXV

& Q
O N
—— N -—
g\
Elw
oHy cH, CF CF, CF3 CF,
LXXXVI LXXXVII LXXXVII LXXXIX

CqH,yy
. CgH,,

XC XCl XCHl



O N1 O/~OCH3 LXXXIII LXXXIV LXXXV IN'1 Np O O'Np YN 8H17 CBH17
CF3 NCF3 CF3 CF3 LXXXVI LXXXVIT LXXXVITT LXXXIX -N-N ONOMNN\ \ / N
1 N\ wapzo0us096@8 N N O- i N ON C3HL7 C8Hn XC XC pXGlushodd@sRaD4/ 096948
PCT/ US2003/ 032047 -26 \ CaHn CBHn CeHn @8Hn iNO CH -, N\ Ne i, NN
CeHn XCII1 XClV XCV

XCIl XCI XCV

OC,H,; QCgH,;
XCvlil XCIX C



CeHn CBH17 C8H17 C8H17 \ N OO tCaH17 NN NCSH Hn / CeHn ~ ~ | XCVvI XCVI I
\ CeHn CeHn C8Hn CaHn -N N _N O OO 11 N N iN OC8H17 OC8H17 XCVIIl XC X
C WO 2004/ 09e284/P6TI8US2003/ 032047 _27_ CBH17 CBHn -N @Gorkushbo3@kutl7 CF3
CF3 C ClI CBH17 CeHn CBH17 CBHn Np 1 N2 OIiN

OC,H,,
Gl ’ Clv ,
or the like.
5 The end capping (EC) groups in Formula I are each independently selected from

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,
fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, and combinations thereof.
The end capping groups are typically a Cs.4g carbocyclic aryl, Cs.q heteroaryl, or Cjp-6p

10 tertiary aromatic amino aryl that is unsubstituted or substituted with one or more groups



OCSH17 CH Cdv C8H17 C8H17 N~ O1 ~ . -/ Ncv or the like. 5 The end
capping (EC) groups in Fornula | are each independently selected from a
car bocycl wo 2asyidosodset eroaryl, or tertiary am no aryl gregpuskmso3ss7
unsubstituted or substituted with one or28vre groups selected from al kyl,
al kenyl , al koxy, aryl, aryloxy, fluoro, fluoroal kyl, perfluoroalkyl,

het er oal kyl, sB@I:t@&%E;Ytl_m%n@l,@g[ﬁeE@éﬁﬂl,@ézohik%kﬁ,@g_go arlnec e PHB& I oups
are typically a C6.40 carbocyclic aryl, C3-40 heteroaryl, or Cl2 60 10

tertiary arorfats Bueivplyl, &hyd parfaeropkyl fsaddstdroalkdld Copo hetsearyh aked with one
or nore groups Y}D % 044096948 PCT/ US2003/ 032047 -28 selected from Ct_20
lenﬁly ns il’e

al kyl, C2-20 ‘4 20 al koxy, C6-20 aryl, C6-20 aryloxy, fluoro,

Cl -20 fluoroal kyl  THehuz{bepsf ddrbi @aink ¥pecifidd-i3PiHbehe capdiky kroupdoddnot
heteroaryl, and conbinations thereof. The nunber of carbon atons specified

for thed end de@pimigicgribapamesshaignanbs presanger 3 HPSEREBIOBR- Ji0E cxdiBRlemiy be
present in a l.tuent group. For.exar v @an ' oup t:h Is a
phenyl subst ie?' g'? gé)dlvﬁ grﬁugﬁlagﬁstp%/P heél 4 %%”é%tﬁ%d” } eanc%ﬁgll %}%{r}ggﬁ’g %cggebcgﬁgld?%é

carbon car bogyet hGixadaton chfsbeycle &1 bty Cd tabaiy¥lic antefdpippig Goepeotoul d
have nore than 40 carbon atons in total. Likewi se, a heteroaryl end capping
group coul d HaE gonpihan ¢H sarbap awarsis hotak drtsewise.tadieigroabend ¢@pmMg9urar omat i ¢

Cotar. b more b aReRRE B R O e LRia Ry R RcaRBagb TPl 1! |

I'n sonmpn enmbadppmBbfoupehldifke eftfle AR BORGDGEH ALRNY 18 téfal.Formul a Il or Formul a
1. The end capping groups are both conjugated to the aromatic core. The

bond between each Nmaorecthppproyenst wsipingisgoure obFormaitlp &l ediemple Iy dnsampy a
single carb O%h%%rd&%hté? %Qﬁjhelr 'eﬂg 'c%h%;ngroup is of Formula I or Formula III. The end

capping groups are both conjugated to the aromatic core. The bond between each end
capping group and the aromatic core is typically a single carbon-carbon bond linking an
15 aromatic ring of the aromatic core with an aromatic ring of each end capping group.
Suitable Cs4p carbocyclic aryl end capping groups include, but are not limited
to, a phenyl, biphenyl, terphenyl, anthryl, naphthyl, acenaphthyl, phenanthryl,
dihydrophenathrenyl, anthracenyl, fluorenyl, 9-silafluorenyl, tetrahydropyrenyl,
perylenyl, spirobisfluorenyl, fluoranthenyl, pyrenyl, dihydropyrenyl, tetrahydropyrenyl,
20 rubrenyl, chrysenyl, or benzo{g,h,i]perylenyl that is unsubstituted or substituted with
one or more groups selected from Cy o9 alkyl, Cyap alkenyl, Cy.zp alkoxy, Ce.og aryl, Cs.oo
aryloxy, fluoro, Cq.59 fluoroalkyl, C; ;5 perfluoroalkyl, Cy.o0 heteroalkyl, Cs 29
heteroaryl, and combinations thereof.
Suitable end Ci.4g heteroaryl capping groups include, but are not limited to, a
25 furanyl, thiophenyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, thiazolyl,
oxazolyl, isoxazolyl, oxadiazolyl, thiadiazolyl, isothiazolyl, pyridinyl, pyridazinyl,
pyrazinyl, pyrimidinyl, quinolinyl, isoquinolinyl, benzofuranyl, benzothiophenyl,
indolyl, carbazoyl, benzoxazolyl, benzothiazolyl, benzimidazolyl, cinnolinyl,
quinazolinyl, quinoxalinyl, phthalazinyl, benzothiadiazolyl, benzotriazinyl, phenazinyl,
30 phenanthridinyl, acridinyl, indazolyl, or siloles that is unsubstituted or substituted with
one or more groups selected from Cy_g alkyl, Ca.9 alkenyl, Cy.a0 alkoxy, Cs.20 aryl, Cs.20
aryloxy, fluoro, C;.¢ fluoroalkyl, C;.a0 perfluoroalkyl, Cy 2 heteroalkyl, Cs.29

heteroaryl, and combinations thereof.



15 aromatic ring of the aromatic core with an aromatic ring of each end
cappi ng group. Suitable 0640 carbocyclic aryl end cappi ng groups include,
but are not WO /@948t o, a phenyl, biphenyl, terphenyl, amcirys2eo3maght hyl ,
acenapht hyl, phenanthryl, di hydrophenat hreagl, anthracenyl, fluorenyl,
9-silafl uorenyl, tetrahydropyrenyl, perylenyl, spirobisfluorenyl,

fluorant henyl, pyr erﬁﬂlbab@d]y%rté‘r@]ﬁi‘}eﬁwnaué Qﬁﬁrﬂfﬁf EHAYaB ?mg ,gr(aﬁ)s ﬁﬂﬂl’lﬁ(ﬁn}éﬁb are

chrysenyl, or benzo[g, h,i]perylenyl that is unsubstltu subst i t ut ed
with one or rrrméhguf@dys agppreyeledt s o dizglakliog alkmbﬁzalekéﬁﬂi:afb@dﬁao

al koxy, ©6. 20 E{Etganélg’%%? es%rt?éﬂr%f%negl rﬁ}}(lltr ani%g éqnﬂgcrh% nJﬁXé s&qﬂﬁgnes and

per f | uor oal kyl roa eroar mbrnatt one”

thereof. Suit ahh@hwdlaﬁﬁétﬂsmmwamshbaamed Iﬂ\gtl'gj’r@ltﬁﬁldrélef 3 selbcut:d abe OO1
limted to, a 25 fur a;%lq, t hi ophenyl , pyrrol yl, im dazol yl, %r azol yl,
triazolyl3 tet rabipl Giz abiendzelypRlkoxsyaenhpl, Cis e%aoh inoro kadi Ayaralkyl, Ciu

t hi adi azol yl, i s &)qwuno(g?glﬁgllybl ST g{ei'(%hl%,n y5| ;g%%%ﬂe%%ﬁlné/nd’ci_lonpo\f?zﬁzohgmgrﬁoqy[:&m dinyl,

qui nol i nyl ,

carbazoyl, benzgxap, He, tedigRzobhbaz @fblﬂo, arienahpy déaz;elmﬁnov@neﬂmhicabg lof
qui nazol i nyI ui noxal i nyl, phthal azin benzot hi adi azol yl , benzotri azinyl,
phenazi nyl | 30%5%Nﬁtwrrﬁw}b9wd@§mdi K}yﬁ -teeravlol dpheriengdiamiae, N.AGY N's

unsubsti t ut ed u ted 20
Ayl 220 arkaRyre i #hEarhR 88l B BB RELGRAEH P
Cl-20 fl wproal WN'—b@U‘—ﬁ@pk@%ﬂf Nl;[QTlﬁﬁFlﬁyﬂyl)b@lma&hﬂ em&dfyizoly@nlﬂﬁnyl 44’4 -
heteroaryl, and conbinations thereof. WO 2004/096948 PCT/ US2003/032047 -29
Sui t abl e C12- 60TiS@Y: Nr@@rylaamwm@nm@ﬁ ARy}ttt digay pminp rle i snreiel et but

ary1 carbazol o e e AR AR 34 A R B e,

dendridic am nqﬂmnﬁlﬁmﬁlﬁfs}mpha@mrﬁihé 1BJﬁetnlSMk@phd‘T@laﬂuﬂopHmyDBéﬂzhnﬂ add e like.
substituted with one or nore groups selected fromC3 0 5 al kyl, C2_20

al kenyl, Cl 20 al koxk somg epipogimgnts efebormulyy Ly ths,epd cepripg BYOUBF cazoplwﬁsradagw
C-20 pe f' Uor@aﬂh%%d bet‘%%q{léﬁ{%ﬁéﬁ%'ckﬂ?ﬂmd &Ele%&apsxfb%r)@{dﬂ/[og%ﬂﬂt %&a“ ons

t her eof . exa mat1 ¢ am no ar
nmonoval ent r adi m&:&lpﬁd mbleby1h &ﬂbrtile{L[M@}'l Ae nzadChemﬁn, high bandgap refers to an

N,NN,N -tetraaryl -1, 4- phenyl enedi ani i ne, N N -
tetraryl 2, 7- di BREYo 1f %p%enl@tweenthe HOMO and LUMO of at least 2.5 eV. In some

N, N -bi s(3-met %Wﬂté “the &l:eréy SiERRG0Y ) P &1 SlLpen high bandgap tends to make the
compound suitable for use as a light emitting molecule.

20 Some carbocyclic aryl end capping groups (e.g., phenylene group aryls,
naphthalene group aryls, and condensed polycyclic aryls} can provide an electron
affinity for the highest occupied molecular orbital (HOMO) and an ionization potential
for the lowest unoccupied molecular orbital (LUMO) that are well matched to the
aromatic core. This energy match and a large bandgap between the HOMO and LUMO

25 are particularly advantageous when a high bandgap molecule is desired for use as an
electron transport agent, as a hole blocker, as a molecular host for molecular or
polymeric blue emitters, or as a blue emitting electroluminescent molecule. In
addition, some carbocyclic aryl end capping groups can be sufficiently sterically
hindering to reduce the formation of intermolecular or intramolecular configurations

30 that produce excimer or exciplex emission that can cause color shifting of the
electroluminescence.

Somne end capping group can function to transport holes or block the transport

of electrons. Such end capping groups can include, for example, heteroaryl groups that



10 N, N -bi s(1-naphthyl)-N, N -bi s(phenyl ) benzi di ne,

1, 4-bi s(carbazol yl ) bi phenyl, 4,4",4"- tris(N, N-diarylaniino)triphenyl am ne, -
1, 3, 5- t ri wphkoedi/@eydsam nophenyl ) benzene, 4,4',4"- PCT/US2003/032047

tri s(N, N-di phenyl am no)tri phenyl am ne, 4,-40;4"-tris(N 3-nethyl phenyl - N-
phenyl am no)tri phenyl am ne, 1, 3,5-iris(4-diphenylam nophenyl)benzene, and
the |ike. |In SosRcembPOh ARNESi0Y aloefaiit hiiido aryh@ogpd TRARE BYsWhANRT SRR
provide a high 15 bandgap between the hi ghest occupi ed nol ecul ar orbital
(HOMD) and t HEoURs\Ges alageribe hiplecnd pbicten frapsporsittigipnqiesupoune i igeiggfidier ei n,
hi gh bandga I 2] n dif n of at
least 2. 5 ov.Pofareb koo R st U aRER S L AR e B YR ¥ O
A hi gh bandgapot@nas ehifan@s e nioaey tieonno gag asdiot abltelfiminessatr dsratdriodlite
emtting nolecule. 20 Sone carbocyclic aryl end capping groups (e.g.,

phenyl ehe gr s@FReEpe.sThe epdorPREIRERAIRS CaY BE HFsA, £or expapolvdbns B cplor pELRE! i ¢
aryls) can prQvi tr i i r i - .QC C LRI nol ecul ar
o bi a1 (o it e BLRE o RBou o dhonkolrbophd I Ao IHERLBECERLER 10,

mol ecul ar  or tictedbaryl AR rtiabpdrogiadc Weldo 49k @liedppiag theips afopm@ivide compeundshi s
energy match and a | arge bandgap between the HOMO and LUMO 25 are
particul arly tBehleNe SHE6198S ihaa red. 5regh. Ydheyresions b thel vasible spesdilied f or use as

ol coular or ol yeaieataayesafy RPgteip ol ighpp Bt Htha a1

€l
nol ecul ar or polyneric or as a m

el ectr ob um nESERNENIKALE GYlikluded in dddintlicapping grops & 1o eie] inGome ybmpoehdsappi ng
groups can be sufficiently sterically hindering to reduce the formation of
i nt er mol ecul HENGFs 05 EXxGIPHI recrpatios A GHHEBITo 18 Sgme CARPOWIdS diie Mdsrtiely or

exci pl ex em ssi : i f L Y Lhescence.
Some end capnig o pathcfiE BTy aick 1 otbinhh wih ERELRLILAFGE
transport ofhetdreayt gosp tiEubis CEN-amti cag pesadipsoleranningc Fudexandpde, texanpl e,
het er oaryl groups that. WO 2004/ 096948 PCT/ U %003/ 032047 30 are el ectron
rich and t er tSORASNSSE BAREYICARY IRRES A pIYIHHesIYsS fromyantlyagenss PEYCHE el PYERSI ng

groups§an baéaﬂ%@%og‘lﬂﬁgﬁgllriglr X é&%ﬁ%e&&%r&%????@%téﬂoﬁ@ G5 RAGHGS, o tune the

ionization potenti ctron a conpounds of the
i nvention. Suehzeththdmapipi ng groups can enhance or nodify the band gap
and/ or el ectrol um nescent character of the )

In other embodiments, the end capping groups can function to transport
electrons or block the transport of holes. Such end capping groups can include, for
example, a radical of heterocyclic compound having a -C=N- units such as, for -

20 example, radicals of oxadiazoles, N-substituted-triazoles, N-substituted imidazoles, N-
substituted pyrazoles, oxazoles, isoxazole, thiazoles, isothiazoles, pyridines,
pyridazines, pyrimidines, pyrazines, triazines, tetrazenes, benzoxazoles, benzothiazoles,
benzothiadiazoles, quinolines, isoguinolines, cinnolines, quinazolines, quinoxalines,
phthalazines, benzotriazines, phenazines, phenanthridines, acridines, and the like.

25 In some compounds of Formula I, both end capping groups are independently

selected from a monovalent radical of

O a2 OO0

Cvi CVII Cvill

? ) 2



5 conmpound. The end cappi ng groups can be used, for exanple, to tune the
color of the emtting |ight of the conpound or other conpounds in a

conposi ti onwoGeny@sous heteroaryl and tertiary aromati c ampoougtgnkoengd
cappi ng groups can provi de conpounds that -Aave emi ssions in the red, green,
or blue regions of the visible spectrum Condensed polycyclic arylenes in
conbi nation with heteroarylenes having 10 C=N- uni can be included in the
end cappi ng groups to provide, in sone conpound ‘i:b for exciton
reconbi nati on and em ssion. In so FFH 2 ction of

condensed pol yc c 3 near
het eroaryl ene o et egoar yl \grfpup ‘tht S ,
tuni ng. For exanple, the condensed potycfyclic arylenes or aryls derived

from ant hracene, perylgne, and pyrene {3 can be conBkhed with an adjacent
het eroaryl ene or heteroaryl derived from benzothiadiazole. In other
enbodi nents, the end cappi ng bs can function gofransport electrons or
bl ock the transporg_ofs hol es. g ’ I ude, for
exanpl e, a radica er og ts such as,
for 20 exanpl e, ¢ ot e N- sub ed-1 ol es,
N-substituted i mzdg = N bstituted pyrazoles, egs, 1soxazol e,
thi azol es, isothiazoles, pyridines, _pyridazines, ;kﬁidines, pyrazi nes,
triazines, tetrazeresl benzoxazoleé?kﬁ nzothjazole2¥M benzot hi adi azol es,
qui nol i nes, isoquinolines, cinnolines, quinazolines, quinoxalines,

pht hal azi nes, benzotri azi nes,j pheng es, nant hri di nes, acridines, and
the like. 25 In soge cqouopounds_gf @‘v | & bot h end cappi ng groups are
i ndependent |y om a nynoval ent ical of CVI CvII CVIII WO

2004/ 096948 PCT/O47 3T \ axX'odcxi RYRRR RR

CXV CXVI CXVII |

3 2




CXIl CXIlIl CXIV si ,j Ld-bCXVCXVI CXVMII RRR RRCXVIII CXIXRR RR
/I VNSO NNNNY / V7V VL XNX/INS CXX CXXI CXXI'T WO 2004/ 096948

PCT/ US200@00820Wd948-32- i NNy x Nx - RRIP/ N N bPer@xxobh32EXXl V CXXV
RRN NO CXXVI or CXXVII that is unsubS8gituted or substituted with one or
nore groups selected fromd -20 al kyl, C2-20 al kenyl, Ci1-20 al koxy, C6-20
aryl, C6-20 aryloxy, flwqro, Cl1-20 fluoroal kyl, C-20 5 perfluoroalkyl,

Cl- 20 heteroal kyl, C3- eteroaryl, and conbinations thereof. Each Ris

I ndependent |y sel €tt.e om C1-30 al kyl, C2_30 al kenyl, C1-30 al koxy, G630
aryl, Cb-30 N\

o % %

CXXIH CXXIV

H ?

X

avwe
@@ D

CXXVI or CXXVII

that is unsubstituted or substituted with one or more groups selected from Cy_y alkyl,
Co.qpalkenyl, Cy.20 a_lkoxy, Ce.n0 aryl, Ce.20 aryloxy, fluoro, Cq.30 fluoroalkyl, Ci.o0
5 perfluoroalkyl, C,.p heteroalkyl, Cs.50 heteroaryl, and combinations thereof. Each R is

independently selected from Cy3p alkyl, Ca.50 alkenyl, Ci_3p alkoxy, Cs.30 aryl, Cs 3o
aryloxy, Cs.3p heteroaryl, C;.3p heteroalkyl, and combinations thereof. Each X is
independently O, S, or NRI, where R'is a Ciapalkyl, Ce20 aryl, Cs.30 heteroaryl, Cy.59
heteroalkyl, or cormbinations thereof.

10 In some embodiments of an end capping group, a carbocyclic arylene group is
conjugated to the groups of Formula CVI to CXXVII. The carbocyclic arylene group is
between the aromatic core and the groups of Formula CVIto CXXVII. For example,

group of Formula CVI to CXXVII can be conjugated to a divalent radical of

@Htﬂ"

C)\)(VIH CXXIX CXXX . CXXXi - CXXXH



aryl oxy, C3-30 heteroaryl, Cl1-30 heteroal kyl, and conbi nations thereof. Each
Xis independently 0, S, or NRL, where Rl is a Cl1-30 al kyl, C6-20 aryl,
C3- 30 het erwanydijo96di8 30 heteroal kyl, or conbi nati ons thep@p,hgzowojznﬂsone
enbodi mrents of an end capping group, a carbhggyclic arylene group is
conjugated to the groups of Formula CVI to CXXVII. The carbocyclic arylene
group is between the aronati ore and_the groups of gorgula CVI to CXXVII.
For exanple, group to X v be coppiigated to a dival ent
radi cal of CXXV] CXRX ! "ol°- 37 P&/ US2003/ 032047
» X I CXXXIX R3 0
) 4 (3 o/ \/ (2 >-1-) (R3 4 XL CXLI 6XLRI Ph Ph Si C(* (R3)4 Clio Ph
Ph CXLII CXLIV CXI¥FCOANV  RICHXXNR R REXRKR (R)4 CR3pa/1 5 CXLVI | CXLVII I
CXLI X WD 2004/ 096948 PCT/ U32003/ 032047

h.’

CXXXVI CXXXVI CXXXIX

oy Qo e
W oD AL
O'OQO O.OQ

5 CXLVII . oxuvil . OXuX



-34- RRR RR RR R RR CL CLI CLIl CLIIl CLIV CLV or the like that
is unsubstituted or substituted with one or nore groups selected fromcCl - 20
al kyl, CaydQo@ldseny!, Cl-20 al koxy, C6-20 aryl, C6-20 apgi/oxmnsdiuoro, Cl-20
fluoroal kyl, d- _5 20 perfluoroal kyl, Cl1320 heteroal kyl, C3-20 heteroaryl,
and conbi nations thereof. In these fornulas, the synbol Ph refer to a phenyl
ring. Each R is independently sekected from Cl-30 al kyl, C2-30 al kenyl,
Cl-30 al kOxy, C6-30 aryl, C6-30_ary Y, C3-30 heteloaryl, C-30

het er oal kyl, a Bnbi nati ons t Each R3 is independently sel ected
from hydrogen, Z al kenyl, CI-30 al koxy, C6-30 aryl, C6-30
aryl Oxy, C3-30 i 30 heteroal kyl 7 aqd conbi nations thereof.

I n ot her enbo{ oval ent end cappi ng up, a group according to
Formula CVI to he' conj ugated to afgroup Raving a -C=N- unit. The
group having the -C=N- uni§ is between the Rarlg dte and the group of
Formula CVI to CXXVII. Fgsi~exanple, a graov of|Fo mila CVI to CXXVII can be

conjugated 15 to a dival of choch:cr | .RCLV/ 1 CLI X WO
DIGERY O

2004/ 096948 PCT/ US2003/0

CL CLIl

J.

CLIl .oy

or the like that is unsubstituted or substituted with one or more groups selected from C;.
20 alkyl, Cyap alkenyl, Cjpg alkoxy, Ce.ao aryl, Ce.20 aryloxy, ﬂuoro, Ci20 fluoroalkyl, C;.
5 20 petfluoroalkyl, C;_po heteroalkyl, Cs 20 heteroaryl, and combinations thereof. In these
formulas, the symbol Ph refer to a phenyl ring. Each R is independently selected from
C1.30 alkyl, Cy.39 alkenyl, Ci30 alkoxy, Ce.30 aryl, Ce.30 aryloxy, Cs 30 heteroaryl, Cj 3
heteroalkyl, and combinations thereof. Each R? is independently selected from
hydrogen, Ci.3 alkyl, Ca.30 alkenyl, C;.30 alkoxy, Ce.3g aryl, Cs.30 aryloxy, Cs.sp
10 heteroaryl, Cj_30 heteroalkyl, and combinations thereof.
In other embodiments of a monovalent end capping group, a group according to
Formula CVIto CXXVII can be conjugated to a group having a —-C=N- unit. The
group having the -C=N-unit is between the aromatic core and the group of Formula
CVIto CXXVIL For example, a group of Formula CVI to CXXVII can be conjugated
15 to a divalent radical of

CLVI ) CLvit ] GLvilt CLIX



CLX CLXI CLXII NNN N-NX-P X\ / X NX N~ CLXIII CLXIV CLXV N N CLXVI
CLXVIT. CLXVITT NN / vV V'V XX\ / V' NNON\ N CLXIX CLXX CLXXI CLXXI I
N~ N N N Shodibddos CLXXI V. CLXXV or the like that is unsulstiduéadan
substituted with one or nore groups selecteg.-fromd _ 20 al kyl, C2_20

al kenyl, d-2o0 al koxy, C620 aryl, C6-20 aryloxy, fluoro, Cl-20 fluoroalkyl,

Cl 20 per f | ugraal ky, Cl- 20 heteroal kyI C3 20 teroa yl, and
/Eath dee de or where Rl is a
0 he e aIkyI or

conbi nations t
Cl-30 al kyl, C6

conbi nati ons t her eof . y ot her enbodl rre of a nonoval ent end cappi ng
group, a group acce[_gl ng to Fornul an ‘ to CXXVI | ar}\lpe conjugated to a
het eroaryl ene that s™" el ectren rlch to a tertiary aromat:ic am no

arylene. The heteroarylene or tertiary WO 2004/096948 PCT/ US2003,032047 -36
aromatic arylene is positioned between the ar c core and a o p of
Formula CVI to CXXVII. For exanpl e a group af Fornula_ Cvi )\ can be

conjugated to a@ﬁ_@a‘l»&f@j )_§@s| -R RNR R
x \X/

CLXII CLXIV CLXV ,
* "D ant
A l
O~ N (J
CLXVI i CLXVII i CLXVI

?

o N
CLXIX CLXX CLXXI cLXxu
~-
BRWS
5 CLXXIT CLXXIV . CLXXV

or the like that is unsubstituted or substituted with one or more groups selected from C;.
20 alkyl, Cyop alkenyl, Ci.5galkoxy, Ce.o9 aryl, Cs.o0 aryloxy, fluoro, Cjgg fluoroalkyl, Cq.
20 perfluoroalkyl, C,.o heteroalkyl, Cs» heteroaryl, and combinations thereof. Each X
is independently O, §, or NR!, where Rlisa Craoalkyl, Ce.20 aryl, Cs.30 heteroaryl, C.
10 3 heteroalkyl, or combinations thereof.
In yet other embodiments of a monovalent end capping group, & group
according to Formula CVI to CXXVII can be conjugated to a heteroarylene that is

electron rich or to a tertiary aromatic amino arylene. The heteroarylene or tertiary



CLXXVI CLXXVIT CLXXVITT N\ N\ 7 VNV VAL VAT o g CLXXIX CLXXX \ N
'V NV R NCXXXI CLXXXII NN | ~~1\ 0~0 GO (-:~ 0 CLXXXIII
CLXXXI V CwO0d10969idhe | i ke that is unsubstituted or substdtudeshostcsthh one or
nore groups selected from Cl-20 al kyl, CZs20 al kenyl, C -20 al koxy, C6-20
aryl, ©C6.20 aryl oxy, fluoro, C120 fluoroal kyl, 10 Cl-20 perfluoroal kyl,
QG _20 het er oakiotlatic GBaR 19BbSAARMerw @RI LABRIANB LHRNSALNEE&§PbE FdERGR EVI S
i ndependently selected fromCl-30 al kyl, C2-30 al kenyl, Tl -30 al koxy, C6.30
aryl, C6.30 W0 @8BNIDIBo48auRpE wsaa@3Fegoulz CVBD GXxMNiksan te3osghted &y oar yl
Cl 30 heteroal kyl fand conbi nati ons thereof. Each X is independently 0, S
or NR, wheref@¥ & a3 o 30 alkyl, 06-20 aryl, G ao heteroaryl, O 30
het er oal kyl , or conbi nations the f. Each t is aminteger equal to 0 to 4.
When a group of Fornula CVI to i i ] { her group to 5
formthe end capping group, no o
inplied to prepare the compound of

K aromatic core

group of Formu \ CLXXXV) : :
8t mul a CVI-txo CXXCVI N6r the second

before attachnent-td .t Helt o oup of F
group can be at fachied™ o the rest of Rhe end cappifhg %roup (e.g., a group

of Fornula CVI toCEWII) bef o’re aébqg(@rﬂent ,to CLXOXVII

oup (e.g., a

Q#H%QE’

0 @
Y Q gagc
o0 oo OO0

CLXXXH CLXXXIV CLXXXV

> )

or the like that is unsubstituted or substituted with one or more groups selected from

Ciapalkyl, Ca.pp alkenyl, Cy.ogalkoxy, Ce.oo aryl, Cg.ap aryloxy, fluoro, Cy.og fluoroalkyl,
10 Ci.20 perfluoroalkyl, C.2 heteroalkyl, Cs.o0 heteroaryl, and combinations thereof. Each

R is independently selected from C,_30 alkyl, Ca.s0 alkenyl, C;.3p alkoxy, Ce.30 aryl, Cs.30



10 the aromatic core. Any group R or R3 on an end capping group can include
a dival ent poly(oxyal kyl ene) soft segnent of Fornmula VI CM2n0O Y. VI 15
or a dival end 2000hydod al Kyl si |l oxane) soft segment of For nub@r/¥8203/032047

S (OWH2w+1) 20F-yv VII where mis an intege37-of 1 to 6, y is an integer of 2
to 20, and wis an integer of 1 to 10. |In some enbodi nents, the

pol y(oxyal kyl engloxqf CR9 netédbal K Y, Si hQ%3ARY1, 8/ tormBiaBRRsSherdfr. GaRK DE1s
connected to an alkyl, aryl, or heteroary (Surou . The substituent can, for
[ab

exanpl e, have idepsicnily 8, §1 o NR 4 mhe8gRRS a ylbereargs Gsgo beteroaryl, Crap

pol y(oxyal kyl e of,..pol y(dial kyl sil oxan sof t ng, 1AL ALS,an aryl ene 25
group, Vv is anﬂ?e[%] O&B‘é’ ’05&6‘53\'35%}3 tﬁéﬁrgoﬁ' %%Csh Ealﬁ a%?@?g& ﬁé?%lrt%gr@ﬁ; or a al kyl.
In some exanples, RhdnSa @ogh 6f Feraldly CHI Rdexedv I indipnbifFDe G abttelr @sup hose
included in Fornula VIII can reduce the formation of internolecul ar or

i ntramol &cul ar faBnihe god atnrdiszroaatne ghaddcantherdess mabpra obscaithasts is imphied 1l ex

em ssion. In sQne hods of .preparin nic.electrolum nes t vi ces, a
compound 30 oPPHE e R R R e Sl S BB G A RS it
substrate to aCxeCeni &f CEHRXV)adaf be W@ 46 AR6948aiRCrB20r atBit Bment2@ the!

- 38 Conpounds havi g for exanpl e, a pol y(oxyal kyl ene) or

pol y(di al kyl si Esarmé Fosatla C\eldg ke Cyahoishowdcard siaup£pr be abaalisil ko thy rest of

parameter matching tg a receptor sybstr _— i A4 r nativ ,
Phese sof t "segtisird Bafinh EFEP Gend G Aubrrbl CRER TRy Bk AR
and fil most abi Hetatosuehcaas, for exanple, nolecular weight, nelting
tenperature, 5 glass transition,tenperature, percent crystallinity and

tendency to cryst al nzeeroup RoF I 08 gacad atreang gosp ea inglude gidivalent m

nor phol ogy, rheol oqj.cal .pr rii t viscosity and rel axation
time, exciner gﬁlg?%gglﬁiﬁ’ﬂ%gg%rSﬁﬁﬁggﬁﬁ%ﬁgﬂsﬁr@e strength, and
O(C,H,,, 0);—+

*

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

*A{Si(CwHawn)zO}—*
Y

vii
where n is an integer of 1 to 6, y is an integer of 2 to 20, and w is an integer of 1 to 10.
In some embodiments, the poly(oxyalkylene) or poly(dialkylsiloxane) soft segments
20 can be connected to an alkyl, aryl, or heteroaryl group. The substituent can, for

example, have the Formula VIIT

—fArf-ss—r"

Vil
where SS is a poly(oxyalkylene) or poly(dialkylsiloxane) soft segment, Ar is an arylene
25 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 such as those included in Formula
VIII can reduce the formation of intermolecular or intramolecular configurations that
preduce undesirable excimer or exciplex emission.
In some methods of preparing organic electroluminescent devices, a compound

30 of the invention is thermally transferred from a donor substrate to a receptor substrate.



| ight em ssion frequency, if desired. The pol y(oxyal kyl ene) groups or
pol y(di al kyl si |l oxane) soft segnments can, in sone conpounds, inprove thermal -

transfer W@ angdosadizesi on of the nolecular filmor blendpirgacesmrsnual |y
avai |l abl e conducting ionic polyners suchsgs PEDT and PANI, which are
commonly used as anode buffer layers in organic electrolum nescent device

t ti : - ' : i tuted
wih one or eabBSRtRaATEes b o Rt CARALDD S pONRRR R CRoRy S (U €
Cl_2oper f | uorseginkytl an paonddd Sniablebiohdilit paranteesrendtchinf esereseliist stbgeant s ican

| ower the vapor . pressure of the coppounds and make them nore sujtable for
vapor deposi tdisfon g aliemnatibedy thereriod SeaRent Rt ige OB PGS PRyl taikermal m

formng propeplisks aff ﬁﬁrﬁ%ta%ﬁﬁ?mda%; foIbﬁéﬁgfﬁgﬁgww@&%ﬁt, %ﬂingi RupOiRre

conpounds, increase the ionization potenti el ecton aff t her eby
maki ng bt easgless ifapsitivh esraparpomn pactro crisfatiotiGedrelcendonsy and yghlbick ohfiires. 20
The two end cappi ng groups can bhe the sane or different. In sone

enbodi ment s o%gg_ﬁe@@%m Sqosp b f_ebim Iflﬂ@hQWaycfg!s%lp%a@re%‘geS(feeﬁ BBMEl dent i cal .
In other embadiRntsq rERL6R BRI NG HhAURE RA: ﬁextfﬂﬁn%ﬁﬁ?%&i%ﬁ've sﬁ&ﬂ#ﬁtaﬂﬁe but
substituents present on one end cappi ng group can be absent on the other.

I n yet other lighrbodsienfrajuchdie iftdseirehdhegmby(ogydikdenxs ghawpe ot he sanme basi c
structure and each_end 25 capRing group has the sane type of substituent

(e.g., alkyl PAYRERKyIslosRE )Tt SEITYFNIS ¢40 B} Fme $qrRaugds kRProvE dhermabirensiedy | |
heteroghkyl , hetenoanyh tthmcg&'ﬁPir i 'o?%nH*E@E&%)er&&ﬁg r%vggabléﬁgé&dcgﬂgﬂ:tn?%
er o) 0 of the

contain a different nunfo of carbon atons. |In sone I mrents,

end cappi ng graupersaneh sePEDRT add PAOT) wiikh oSG onGiho(vkdd Slaixdd/bhfferChyeXXinX WO
2004/ 096948 PCT/ Us2003/032047 -39 C3H CeHn CXC C XCI CxXcdl C3H' / 8Hn *
| ~ 1 \ _ CeHiistHfRleCURIUIERISHENESRHISE eRATUGHGNSCXCl Vv CXCV C3Hn C8H77

In some compounds, the end capping groups can be substituted with one or

more groups selected from fluoro, C) 5 fluoroalkyls, Cy.zp perfluoroalkyls, and

15 combinations thereof. These substituents can lower the vapor pressure of the
compounds and make them more suitable for vapor deposition. These substituents can
improve the solubility and film forming properties of the compounds. These
substituents can, in some compounds, increase the ionization potential and electron
affinity, thereby making it easier for the compounds to inject electrons and block holes.

20 The two end capping groups can be the same or different. In some
embodiments of Formula I, both of the end capping groups (EC) are identical. In other
embodiments, end capping groups have the same basic structure but substituents
present on one end capping group can be absent on the other. In yet other
embodiments, the two end capping groups have the same basic structure and each end

25 capping group has the same type of substituent (e.g., alkyl, alkenyl, alkoxy, aryl, fluoro,
fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof) but the
substituents contain a different number of carbon atoms.

In some embodiments, both of the end capping groups are selected from

-0 00 A0 00

CLXXXVI CLXXXVIL  CLXXXVIH CLXXXIX



CH CaHn CXCVI CXCVII NN Si  OC8H17 CXCVIIIl CXCl X CC C8H 17 C8Hn CeHn CeHn
5 CC CClI CF3 CaHn CeHn CeHn CeHn CeHn\ C8Hn * \ \ i \ CF3 N/N S CC Il
CCTV CCV Wiy3d00ddagag48 PCT/ US2003/ 032047 -40- OCBH17 N-pdNru©ddbAds204hd N O
N OCeH17 CCvl CCVII Ph Ph 0--\-0 0JO 0~O-8/ CCVIII or CCIX Specific

exanpl es of conpounds according to Fornmula | include, but are not 5 limted
to, C8H1 7 I
) CXCll
CaHyz /CBHﬁ'
CgH,7 CeHyy
CXCHI X
CXCVI CXCVii

3 3

oo O
e e oW 'o

CXCvil - CXCIX

CClll CClv , CCV



CsH17 CsH, 7 eH17 e-N _N O,N O, N C8H170 C8H170 CCX CCXI WD 2004/ 096948
PCT/ US2003/ 032047 -41 N C4Hi CAHt7 CAH11 - CAH1 9// NNO NO, N
C8H170 CoWaQoof#dpds CCXI 11 /CH3 H3CQ\ fi3Q O~ O/CH3 O @cPi260503200 O, N
C8H170 CCXI'V WO 2004/ 096948 PCT/ US2003/032047 -42 / N/ | CBH 7 CBH,
CBH'" - \ / CBH17 N/ -N ON

OCgH,;
N/ p/
!
e
N\
N

., oL

Ph Ph
y:

cevill Cor CCIX

Specific examples of compounds according to Formula I include, but are not

5 limited to,

CgHy,0 CSHWO

CCX CCXl



i CBH'O ccxv CF3 CF3 CBH' CF3 CBH 7 CBH17 CBH17 CF3 -N i | CF3 \ CF3
CCXVI , and WO 2004/ 096948 PCT/ US2003/ 032047 -43- O~ /gyp O\ / t OO-N
C8H170 CCx¥lo Joofaapgunds of Forrmula | can be prepared bypamystibho@dsknown
inthe art. In sone enbodi nents, the conpoynds are prepared by reacting a
di brom de or dichloride internediate of the aromatic core wth a boronic
acid or boronic ester internediate of 5 the end capping gro under

pal | adi um cat al yzed condi ti ons using Suzuki coupling nethod
Suzuki et al., Chem cal Reviews, 2457- 2483 (1995), her eiY
by reference inits entirety. The pounds of Fornul a |

prepared by reacting aryl dibraqmd@ {; iodides with aryl gnard reagents
(see Wddowson, D.A., Zhang, Y alfedr o 36)) with
aryltin conpound:,lise (Bﬁhley, =R , @trah 207 (1986)

herei n incorpora
Bumagin, N A,
231 (1986), he
with aryl Gignard

ference) and with 4 \ ) unds (see
gl et skaya, |. R, : ' ). Chem , 364,
d by refereng e can be coupl ed

CCXit GCXil

C,H,.O

8 7

CCXIV



reagents in the presence of a nickel catalyst (see Cayden, J., Cooney, J.

J. A, Julia, M, 15 J. Chem Soc., Perkin Trans., 1, 7 (1995), herein

i ncor por avaslzioyyeedser ence). I n sone enbodi ment, EC can Moaacauploezhit o t he
aromatic core one at a tine. In sone enbdd nent, the aromatic core can be
coupled to part of the end capping group, and then the rest part of end
cappi ng group can be added i n subsequent steps R ahal ogenat ed i nt ernedi ates
of the aromatic core include the follow ng: W D4/ 096948 PCT/ US2003/ 032047
-44 D-A'D | (EY), CCXL D-A'-Ar'--D | Ey (Ey)a 5 CCXLI where
D is a bromde or chloride and Are-(Ey)a is as prev :Iy defi ned.

D hal ogenated 1, 3, 4- oxadi azol e of Fornula CCLI n be synt hesi zed by the

acyl ation of substituted tetrazoles as shown i{ action Scheme I. A

di hal oaroyl chloride of Formula CCL is reacte¢d¢wth a substituted tetrazole
of Formula CCLI with 10 heating for about 32 Qours in an inert solvent such
as pyridine (Myznikov et al., J. Gen. Chem SR (Engl. Transl.), 62 (6),
1125-1128 (1992)) to formthe di hal ogenat ed g zol e internedi ate of

Formula CCLII. D is a hal ogen and Rz i s substituent sel ected
fromthe group al kyl, aCd yl, (@HMI oxy, fluoro,
fluoroal kyl, ped I

het eroaryl, al kyl oxadi azolyl,
aryl oxadi azol yl, v triazolyl, diarylam no,
aryl di aryl am n ymbiaat . The tetrazole of Formula CCLI

can be prepared reaction of the corresponding nitrile wth NaN3 and
NHACL i n N, N- di=a=t hyl f or ram de (DMF) at (5éTT~\qu. Reaction Schene | Dr C R=

8 17

CCXV

CCXVI and



D pi NNC +Nit -N OiN D CCLI CCLIl CCL R= 20 Alternatively,
conpounds of Fornmula CCLII can be prepared by cyclocondensation of
benzoyl ar owvbyorisansiddes as shown in Reaction Schene || ( Geekowveoesozbiz, J.
Gen. Chem USSR (Engl.Transl.), 30, 3763-3768 (1960)) where D and Rz areas
defined above. In step (la) of Reaction Schene Il, a dihal oaroyl 25

hydr azi de of Formula CCLIII is rgacted with an optionally substituted
benzoyl chl oride of Formula CCL t roomtenperature in dichioronethane
(DCM with one 004/ 096948 P S2003/ 032047 -45 equi val ent of
triethylantine orm a benzoyl ar oyl hydyaz de of Fornyka, CCLV.

Al ternatively, ' ene Iy;Jé)=<ﬂ§Doaroyl chl ori de of
Formula CCL is re Eﬂgg with a\substituted\benz®yl hydrazf de conpound of
Formula CCLVI to form™a benzoyf aroyl} azi.de of Formula CCLV. In step (2)
the 5 benzoyl ar oyl hydr azi of 3—CCLV f s reacted wi th phosphorus
oxychloride at reflux i

Formula CCLII. Reactig
R- CCLIV D, o D CcCLI

CH,,0
CCXVH

Compounds of Formula I can be prepared by any method known in the art. In
some embodiments, the compounds are prepared by reacting a dibromide or dichloride
intermediate of the aromatic core with a boronic acid or boronic ester intermediate of

5 the end capping group under palladium catalyzed conditions using Suzuki coupling
methods as taught by Suzuki et al., Chemical Reviews, 95, 2457-2483 (1995), herein

incorporated by reference in its entirety.
The compounds of Formula I can also be prepared by reacting aryl dibromides
or iodides with aryt Grignard reagents (see Widdowson, D.A., Zhang, Y., Tetrahedron
10 42,2111 (1986)) with aryltin compound (see Beiley, T. R., Tetrahedron Lett., 27, 4407

(1986), herein incorporated by reference) and with arylmercury compounds (see

Bumagin, N. A., More, P. G, Beletskaya, 1. P., J. Organomet. Chem., 364, 231 (1986),

herein incorporated by reference). Aryl sulfone can be coupled with aryl Grignard

reagents in the presence of a nickel catalyst (see Clayden, J., Cooney, I. J. A., Julia, M.,

15 J. Chem. Soc., Perkin Trans., 1, 7 (1995), herein incorporated by reference). In some
embodiment, EC can be coupled to the aromatic core one at a time. In some
embodiment, the aromatic core can be coupled to part of the end capping group, and
then the rest part of end capping group can be added in subsequent steps.

Diahalogenated intermediates of the aromatic core include the following:



10D OD 0 O(1b) \ + I \ NHCO RL HZNHR- HN CCLVI Db O CCL CCLV D1
OD D (20 NH-NHNRO,N D ORz CCLV CCLII 15 For exanple, electron
t ransport wigtoey/omdisates 1, 2, 3, and 4 were nmade by comdensasnzesoef the
correspondi ng 2, 5-di hal obenzoyl chloride wi4th the appropriately substituted
benzoyl hydrazi de. WO 2004/ 096948 PCT/ US2003/032047 -46 Br Br cl cl C d
Cl cl NN-NOl-NOiNOiN'IN%MA\rIiD\M\I\,FFFCBHl?O
CBHL70 F ,

i 1

D /i\rl——/i\rL—D
E), (E),
5 CCXLI
where D' is a bromide or chloride and Ar'~(E,), is as previously defined.
Dihalogenated 1,3,4-oxadiazole of Formula CCLII can be synthesized by the
acylation of substituted tetrazoles as shown in Reaction Scheme I. A dihaloaroyl
chloride of Formula CCL is reacted with a substituted tetrazole of Formula CCLI with
10 heating for about 12 hours in an inert solvent such as pyridine (Myznikov et al., J. Gen.
Chem. USSR (Engl. Transl.), 62 (6), 1125-1128 (1992)) to form the dihalogenated
oxadiazole intermediate of Formunla CCLIL. D' is a halogen and R” is an optional
substituent selected from the group of alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, .
fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, alkyl oxadiazolyl, aryl oxadiazolyl,
15 alkyl triazolyl, aryl triazolyl, diarylamino, aryldiarylamino, and combinations thereof.
The tetrazole of Formula CCLI can be prepared by reaction of the corresponding nitrile
with NaN3 and NH,Cl in N,N-dimethylformamide (DMF) at reflux.

Reaction Scheme I

CCL Rz
20

Alternatively, compounds of Formula CCLII can be prepa:ed by
cyclocondensation of benzoylaroylhydrazides as shown in Reaction Scheme 0
(Grekow et al., J. Gen. Chem. USSR (Engl. Transl.), 30, 3763-3766 (1960)) where D'
and R” are as defined above. In step (1a) of Reaction Scheme II, a dihaloaroyl

25 hydrazide of Formula CCLII is reacted with an optionally substituted benzoylchloride

of Formula CCLIV at room temperature in dichloromethane (DCM) with one
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is reacted under netathesis conditions with P2S5 to provide the
1,3, 4-thiadiazoles of Formula CCLVII. WO 2004/096948 PCT/ US2003/ 032047 -47
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15 For example, electron transport intermediates 1, 2, 3., and 4 were made by

condensation of the cortesponding 2,5-dihalobenzoyl chloride with the appropriately

substituted benzoyl hydrazide.
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internediates are simlarly prepared fromdthe corresponding nonohal ogenated
precursors. Br Br N 7 S N CBH170 D hal ogenated 1, 3,4-triazole
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(E. Klingsberg, rg. Chem, 2 10
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Perkin Trans., 1€8).o 1999-2006 ¢u982)) or other neh~reactive solent to
formthe 1, 4-dichloro-1, 4-di phenyl conpound of Fornula CCLIX. In step (2b)
of Reaction Schene |V, the 1,4-dichloro-1, 4-di phenyl conpound of Fornmul a

CCLIX is 20 reacted with R NH2 (Gautun et al., Acta Ch Scand. , .45(6),
609- 615 (1991)), M—&@%qﬂﬁwﬁéntwa%arslswl&r ynr?Patr%f ?%W%Plﬁh@e

correspondi ngcly n‘%{aﬁ%&ogéig{e?ﬁecﬂﬁtes E-Q@,@“ﬁi&ﬂ%}(&%’l)—%@&&@%ﬁ%ﬁ%ﬁ-1,3,4-

PCT/ US2003/ 03204 ction Schene |V
5 oxadiazole (5) and 2-(3,5-dibromophenyl)-5-[4-(octyloxy)phenyl}-1,3 4-oxadiazole (6)

were prepared by condensation of the corresponding 3,5-dihalobenzoyl chloride with 4-
octyloxybenzoyl hydrazide, followed by cyclocondensation of the intermediate 3,5-
dihalo-N'-[4-(octyloxy)benzoyl]-benzohydrazide. Monohalogenated 1,3,4-oxadiazole

end capping group mtermediates were similarly prepared from the corresponding

10 monohalogenated precursors.
Cl Br
Cl Br
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Dihalogenated 1,3,4-thiadiazole intermediates of Formula CCLVII can be
prepared by cyclocondensation of the benzoylaroylhydrazide intermediates as shown in
15 Reaction Scheme III (A. T. Prudchenko, J.Gen.Chem USSR (Engl. Transl.), 37, é082-
2084(1967)) where D' and R” are as defined in Reaction Scheme I. In Reaction

Scheme I the benzoylaroylhydrazide intermediate of Formula CCLYV is reacted under

metathesis conditions with P»Ss to provide the 1,3,4-thiadiazoles of Formula CCLVIL.
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For example, the corresponding 3-(2,5-dibromophenyl}-5-[4-(octyloxy)phenyl]-

1,3 ,4-thiadiazole (7) may be made in this way. Monohalogenated 1,3,4-thiadiazole end

5 capping group intermediates are similarly prepared from the corresponding

monohalogenated precursors.

Br Br

O

8" 17

Dihalogenated 1,3,4-triazole intermediates of Formula CCLVIII can be

prepared by cyclocondensation of the benzoylaroylhydrazide intermediates as shown in

10 Reaction Scheme IV (E. Klingsberg, J. Org. Chem., 23, 1086(1958)) where D! and R?

are as defined in Reaction Scheme I, and R’ is aryl, alkyl, heteroaryl, or heteroalkyl. In

step (1a) of Reaction Scheme IV the benzoylaroylhydrazide intermediate of Formula

CCLYV is reacted with phosphorus trichloride at an elevated temperature, e.g., 150° C,

in the presence of R]NHZ, wherein R! is aryl or heteroaryl to provide the ,3,4-triazole
15 of Formula CCLVIIL. Alternatively, in step (1b) of Reaction Scheme IV, the

benzoylaroylhydrazide is reacted with chlorine in glacial acetic acid (Moss et al., J,

Chem. Soc. Perkin Trans., 1(9), 1999-2006 (1982)) or other non-reactive solvent to

form the 1,4-dichloro-1,4-diphenyl compound of Formula CCLIX. In step (2b) of

Reaction Scheme 1V, the 1,4-dichloro-1,4-diphenyl compound of Formula CCLIX is
20 reacted with R'NH, (Gautm et al., Acta Chem. Scand., 45(6), 609-615 ( 1991)),

wherein R is alkyl or arylalkyl, to provide the corresponding 1,3,4-triazoles of

© Formula CCLVIL
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For example, the triazole derivative 3~(2,5-dichlorophenyl)-4-(4-
5 methoxyphenyl)-5-[4-(octyloxy)phenyl]-4H-1,2,4-triazole (8) was made by this

method. Monohalogenated 1,3,4-triazole end capping group intermediates are sirnilarly

prepared from the corresponding monohalogenated precursors.

Cl Cl

N
8 N ~N
MeO

CBH17

o
Dihalogenated 1,3,4-oxadiazole intermediates of Formula CCLX can be

10 synthesized by Suzuki coupling of a monofunctional diaryloxadiazole with a
monoboronic acid/ester of the dihaloarylene as shown in Reaction Scheme V. In
Reaction Scheme V, where R’ is as defined in Reaction Scheme 1, 2,5-dichlorophenyl
boronic acid is rcacfed with a monofunctional 2-(4-bromophenyl})-1,3,4-oxadiazole of
Formula CCLXT in the presence of palladium bis(triphenylphosphine)dichloride and

15 sodium carbonate in an inert solvent such as tetrahydrofuran with heat to form the

dihalogenated 1,3,4-oxadiazole intermediate of Formula CCLX. The 2,5-

+
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Formula |, the Arl-(Ey), group is a fluorene. These can be nade, for
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reaction with nethoxycarbonyl 10 chloride in the presence of al um num
chloride in an inert solvent such as carbon disulfide. In step (2), the

4-nmethyl ester of Fornmula CCLXIII is gonvehkerhovt he hydrazide of Formula
CCLXIV by reaction with hydrazine with heating. In step (3) the hydrazide
of Formula CCLXIV is converted to the benzoyl aroyl hydrazi de of Forl a

of 15 Formula CCLIV in the presence of triethylamne. In step (4)

benzoyl ar oyl hydrazi de of Fornula CCLXV g.sncyclocondensed w th pgfgsphor us
oxychloride at reflux to provide the diprg renyl 1, 3, 4- o’ zol e of
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For example, the electron transport intermediate 2-(2',5'-dichloro-1,1'-biphenyl-
4“y1)-5*[4-(octyloxy)pheﬁyl]-1,3,4—0xadiazole (9) can be prepared by reaction of 2,5-
dichlorophenyl boronic acid with 2—(4—br0m0phenyl)—5 -[4-(octyloxy)phenyl]-1,3,4-
oxadiazole under standard Suzuki coupling conditions. The corresponding 1,3,4-

10 thiadiazole (11) may be similarly prepared by reaction of 2,5-dichlorophenyl boronic
acid with 2-(bromophenyl)-5-[4-(octyloxy)phenyl]-1,3,4-thiadiazole under standard
Suzuki coupling conditions. Also, the corresponding triazole compound (10) may be
similarly prepared by reaction of 2,5-dichlorophenyl boronic acid with the
monofunctional 3-(4-bromophenyl)-4-(4-pheny!)-5-[4-(octyloxy)phenyl]-4H-1,2 4-

15 triazole intermediate. The dichloro intermediates of Formula CCLX can be converted
to the corresponding dibromo intermediates by a halogen exchange, for example, by
reaction with hydrogen bromide in the presence of a catalytic amount of FeBry (Yoon et

al., J. Chem. Soc., Chem. Commun., 13, 1013-1014 (1987)).




By / \ Br (4 Br RBR3\ Br CCLIV ONNNG6 CCLXV CCLXVI For exanple, the
el ectron transport internediate 2-(2,7-di bronp-9, 9-dioctyl 5

OH- f | uor erodooll dosdesl 4- (oct yl oxy) phenyl ] - 1, 3, 4- oxadi azol ecear2dsosm@ee by this
method. In this case, 2,7-dibrono-9, 9-diggbstituted fluorene internediate
is converted to the 4- nethyl ester (Bokova et al., J. Ore. Chem USSR

(Engl.Transl.), 5, 1103- 1106 (1969)); Schid]lo et aI , Chem Ber., 96,
2595- 2600 (1963)), Ir Wi th hydrazgne &hen fensed.,wi t h
4- (octyloxy)benzoy? de to give the 2 i bromo- N - X
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with RINH2 15 as in Reacti omSbthene |V to the 1, 3, 4-t r Pazt
Reaction Schene VII below, the Arl-(E ), gtstip c

t hrough an U mann self coup
benzoyl oxy ester of Formnul CLXVI1 (wherein
Cl4 alkyl) with copperl bror (see Rule et al. .
(1937)); Nankung et aI.,Cgl 20 Med. Chem Sagh, 08, 551-554 ﬂ495)) fol | oned
by acid pronoted ring closure instep (2) of 1the resul ting 'di'phenic acid of
Formula CCLXVIR (Huntress et al., J. Am Chem Soc., 55, 4262-4270 (1933)),

for exanple, with SU|fUI’IC aci d at 170 C, tao give, the 9 WO 2004/ 096948
PCTI US2003/ 032047 In-cpe upefyberebrstimenyrof Fgrmuind, -y REaui isi0tasene: he
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met hods utilizing, ,for exanple, benzyltriethylanmmoniumchloride in
where R? is independently in each case hydrogen, Cy.5p alkyl, Cy.30 alkenyl, Cg.50 aryl,

LF g reaction in st

Ci.50 heteroaryl, or Cy_3 hydrocarbyl containing one or more S, N, O, P, or Si atoms.
In step (1) of Reaction Scheme VI a 2,7-dibromofluorene of Formula CCLXTI is
converted to the 4-methyl ester of Formula CCLXIII by reaction with methoxycarbonyl
10 chloride in the presence of aluminum chloride in an inert solvent such as carbon
disulfide. In step (2), the 4-methyl ester of Formula CCLXIII is converted to the
hydrazide of Formula CCLXIV by reaction with hydrazine with heating. In step (3) the
hydrazide of Formula CCLXIV is converted to the benzoylaroylhydrazide of Formula
CCLXYV by condensation with an unsubstituted or substituted benzoyl chloride of
15 Formula CCLIV in the presence of triethylamine. In step (4) the
benzoylaroylhydrazide of Formula CCLXYV is cyclocondensed with phosphorus
oxychloride at reflux to provide the dibromofiuorenyl-1,3,4-oxadiazole of Formula
CCLXVL
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For example, the electron transport intermediate 2-(2,7-dibromo-9,9-dioctyl-
5 9H-fluoren-4-yl)-5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole can be made by this method.
Int this case, 2,7-dibromo-9,9-disubstituted fluorene intermediate is converted to the 4-
methyl ester (Bokovaet al., J. Org. Chem. USSR (Engl.Transl.), 5, 1103-1106 (1969));
Schidlo et al., Chem Ber., 96, 2595-2600 (1963)), reacted with hydrazine, and then

condensed with 4-(octyloxy)benzoylchloride to give the 2,7-dibromo-N'-[4-
10 (octyloxy)benzoyl]-fluorenoy! hydrazide intermediate which upon cyclocondensation
gives the desired intermediate.

The corresponding thiadiazole and triazole may be made by reaction of the
intermediate benzoylaroylhydrazide of Formula CCLXV with P,S5 under metathesis
conditions as in Reaction Scheme I to provide the 1,3,4-thiadiazole, and with R{NH-

15 as in Reaction Scheme IV to provide the 1,3,4-triazole.

In Reaction Scheme VII below, the zi‘srl—(Ey)a group can also be constructed
through an Ulmann self coupling reaction in step (1) of an iodo-substituted benzoyloxy
ester of Formula CCLXVII (wherein A is H, Cl, or Br and Rlis C4 alkyl) with
copper/bronze (see Rule et al., I. Chem. Soc., 1096-1101 (1937)); Namkung et al., J.

20 Med. Chem. Soc.. 8, 551-554 (1965)) followed by acid promoted ring closure in step
(2) of the resulting diphenic acid of Formula CCLXVII (Huntress et al., J. Am. Chem.
Soc., 55, 4262-4270 (1933)), for example, with suifuric acid at 170 °C, to give the 9-
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(3), dibroni ndmablrrylswomﬂebfaﬂmwé b0 spaoy wdiim hpdronideand teml RkBde at room
t enperat ure, CCLXXVI | |de

0- di hydropheng%‘} ?léaﬁlé’n&ft}f—e @fh‘)‘&\ﬁ‘i ’11?”01?1?1%0 c%’h‘i%%@“ POGIHIR itan be
converted to f £AMPAXWeirf1, aa‘t‘»'tkﬂ: 295&1113 c@&ﬁn&%ﬁﬁ B@Héné""fér*bx%%p@%? r@arcu&?wi‘kh
tetrazole group by treatnent with and NH4Cl1 in DWVF at

oxadi azol yl, thipauk mttwlomanetlmsaemﬁyﬂo ayveothp 2¢adichlerd Gnomede bf Bcnmtuhze

bl ori pe. i " mECFoT O Vhtn H G Mo UBTY b Hatbem et eR>-sR00 sae,
thi adi a0l €, Qfealhde9liR 07-QURIRS ThibreREBEESARISCOTIESIT wilh thldnbl 1bridMn The
tetrazole can be reacted wth an aryloyl chloride as shown in” 20 Reaction
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Reaction Sc he(r)r}?ad\llz{zole tl\fﬁagi azole, or triazole may then be formed at the acyl chloride group of the

acyl chloride intermediate via a benzohydrazide intermediate as in Reaction Schemes

-1V or by direct coupling with a tetrazole as in Reaction Scheme 1.

15 Reaction Scheme VII
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The electron transport intermediate 2-[4-(2°,7°-dichloro-9°,9’-dioctyl-9’ H-
fluoren-4’-yl)phenyl]-5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole (12)
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comercially avail abl e 2-bronop-9-fl uor enonexy ceL | X) provides

2- (2, 5-di net hyl phenyl ) fl uoren-9-one ( CCLXXX omercially avail abl e
2-brono- p-xylene is converted to 2- (R, & hhegnyl ) -4, 4,5, 5-

tetranet hyl [ 1, 3, 2] di oxabor ol ane ( CCLXXX)»-ly treatnment with butyl l'ithium and
10 reaction of the lithiated internediate h 2-isopropoxy-4,4,5,5-
tetramethyl [ 1, 3, 2] di oxaborol ane. In step t@

2- (2 5- di rrethyl phenyl)fluoren 9-one  ( CQXXXI4

can be converted to

Q- one (CCLXXII) w th brom ne
in chloroforn1at 0cC ReglospeC|f|c brom nati®n @t the -position of the
phenyl ring is directed by the 5 -methyl and fY¥orene substltuents In 15
step (3), 2-brono-7-(4-brono-2,5-dinmethyl phe fl uoren-9-one (CCLXXII) can
under go pot assi um per manganat e oxi dation to | i de

2- brono-5-(7- brono- 9- oxo-9H fluoren-2-yl)-texephthalic acid (CCLXXII1).
Ring closure, in step (4), to 2, 8-dibrono-
6, 12- di oxa- 6, 12- di hydr oi ndeno[ 1, 2- b]fluoreﬁe”% carboxylic acid (CCLXXXIV) is

c foct o0 0 L bR Thopddy ik oSSR S or rps e

aci d (CCLXXXI V)4 btd’nn(STZ,9pdlé}ﬂ&Jro-%Idﬂod”t}él@H—@lﬂOﬁbph,ofomseIproﬂ\tb d&&:orrespondmg

2, 8-di brom- 6, 1£cﬁbg%g;a?e{ngdfgl?c?wéd bzy Pe]afztllol}llo\zr\fl?l? e_(g b%grglggﬁ(e%gdl) 5- [4 (octyloxy)phenyl]
5 1,3,4-oxadiazole under standard Suzuki coupling conditions.

Arl—(Ey)a groups that are based on 9,10-dihydrophenanthrene can be synthesized
by the process shown in Reaction Scheme VI below. In step (1), Suzuki coupling of
the phenylborolane of Formula CCLXXV with the methyl cyanobromobenzoate of

- Formula CCLXXIV provides the cyanodiphenic ester of Formula CCLXXVI. In step

10 (2), acyloin reduction (Fritsch et al., Chem Ber., 125, 843-855 (1992)) can provide the
cyano-9,10-dihydrophenanthrene of Formula CCLXXVII. In step (3), dibromination
with bromine, for example, in methylene chloride at room temperature, of CCLXX VTl
provides the dibromo-cyano-9,10-dihydrophenanthrene of Formula CCLXXVIII, the
cyano group of which can be converted to a carboxylic acid group by treatment with

15 base or to atetrazole group by treatment with NaN; and NH.Cl in DMF at reflux. An
oxadiazolyl, thiadiazolyl, or triazolyl group can be formed from the carboxylic acid
group by first halogenation with thionyl chloride or chlorine in methyloxirane, followed
by formation of the oxadiazole, thiadiazole, or triazole group as in Reaction Schemes

10, III, or IV. The tetrazole can be reacted with an aryloyl chloride as shown in

20 Reaction Scheme I to form an oxadiazole.



(CCLXXXV). In step (6), alkylated by reaction with butyl lithiumfoll owed by
an R3- halide or by phase transfer nethods utilizing, for exanple,

benzyl tri stdhyhaoswoss um chl oride in di nethylsul foxide, fpohrlwawad obynid0%
aqueous sodi um hydroxi de and then WO 2004/5Q96948 PCT/ US2003/ 032047 -55
R3-Br provides the indeno[ |,2-b]fluorene derivative of Formula CCLXXXVI.
Treatnent of the indeno[1l, 2-b]fl uor ‘En&f b Air CCLXXXVI wi th thionyl
chloride gives the reactive acyl ori de I'n rredl ate of Fornul a

CCLXXXVI'l . The oxadi azole, thi ad| azol e, or tr| azol e mayMgeodorned at the

acyl chloride grouyp the ac ochl o e |nt( r medi B¢ g=% Fenzhydr azi de
meSB d|re W th a

internmedi ate as in

tetrazole as in Reac Sché gin rg8), for exanpe, evoxadi azol e
of Formula CCLXXXVIITI1 i vi d dMgbb eaction of the acyl chbweide
I nternmedi ate of Formul a Il with 5-(4-octyl oxyphenyl ésl-\l-%)\gtrazol e as
in Reaction Scherme ICCLEXWO 2004/ 09643I8XRET/ US2003/ 032047 eact i on
Schene IXOO H3CH3IC Brt %\ +\ / BOt O\ / CCL Ol @H3 cQU CCL)c i
(2) OHOOC _ I \ Br (3) HHO3 Br Br COON CCL) . XXIII CCLXXXI |
NC
3
. Ry ® \_/ y
CCLXXV1I COLXXVII

Groups of Ar]—(Ey)a can be prepared by preparation of a 2,8-dibromo-6,12-
dihydroindeno[1,2-b)fluorene using the process of Reaction Scheme IX. In step (1),

5 Suzuki coupling of 2-(2,5-dimethylphenyl)-4,4,5,5-tetramethyl[1,3,2]dioxaborolane
(CCLXXX) with commercially available 2-bromo-9-fluorenone (CCLXXIX) provides
2-(2,5-dimethylphenyl)fluoren-9-one (CCLXXXI). Commercially available 2-bromo-
p-xylene is converted to 2-(2,5-dimethylphenyl)-4.4,5,5-
tetramethyl[1,3,2]dioxaborolane (CCLLXXX)} by treatrnent with butyl lithium and

10 reaction of the lithiated intermediate with 2-isopropoxy-4,4,5,5-
tetramethyl[1,3,2]dioxaborolane. In step (2), 2-(2,5-dimethylphenyl){luoren-9-one
(CCLXXXI) can be converted to 2-bromo-7-(4-bromo-2,5-dimethylphenyl)fluoren-9-
one (CCLXXII) with bromine in chloroform at 0 °C. Regiospecific bromination at the
4’-position of the phenyl ring is directed by the 5’-methyl and fluorene substituents. In

15 step (3), 2-bromo-7-(4-bromo-2,5-dimethylphenyl)fluoren-9-one (CCLXXII) can
undergo potassium permanganate oxidation to provide 2-bromo-5-(7-bromo-9-oxo0-9H-
fluoren-2-yh-terephthalic acid (CCLXXIII). Ring closure, in step (4), to 2,8-dibromo-
6,12-dioxa-6,12-dihydroindeno[ 1,2-b]fluorene-3-carboxylic acid (CCLXXXIV) is
effected by treatment with sulfuric acid. Reduction of 2,8-dibromo-6,12-dioxa-6,12-

20 dihydroindeno{ 1,2-b]fluorene-3-carboxylic acid (CCLXXXIV), in step (5), with red
phosphorus provides 2,8-dibromo-6,12-dihydroindeno[1,2-b]fluorene-3-carboxylic acid
(CCLXXXV). In step (6), alkylated by reaction with buty! lithium followed by an R>-
halide or by phase transfer methods utilizing, for example, benzyltriethylammonium

chloride in dimethylsulfoxide, followed by 50% aqueous sodium hydroxide and then



(4) O HOOC Br (5) HOOC/ \ ' \ Br Br :-4 Br 0 CCL)MV CCL XXV (6)1 R3 HOW
cocr \ Br ( Br\\/ \ Br R3COLXXXVI R3 R3 CCLXXXVXI R3 _,, ,N _\ Br

CBH O N r \wOGhXx¥w4sl R3 Groups of Ar'-(Ey), having oneporkalboimim nal
rings substituted with Ey, may be nade by &frst making a di carboxylic acid
of 3, 10-di brono-5,6,12,13 5 tetrahydrodi benzo[ a, h]ant hracene as illustrated

i n Reaction Scheng, %&ovﬁ%& 2 mdiéhoﬁi %}ﬂd&éne SR Rorthufh OCPRRGEVEPht hal at e

(avai l abl e from Maybridge Chemical Co., UK) is reacted with the
cyanophe nyI bor dirggtgest offtbe mﬂeao[@@_bdﬂxmne seEongpile CEASeRX S walh thiongl chloride

LettLett., 10, 143 1438 . 200 Vi n A;[gt tri phenyl
conpound of F(%’Yﬁﬁ 1& %%?rﬁ‘% 1@% ?lgtﬁ" 0??88%% ﬁ@%iét ?ﬁl Chem Ber .
125, 849-855 1%6&&8&%)1[11%1&6@ SQRRIIO had be ForiiBdl A (X! cHlbridd ﬂl@uﬁ@f the Gaf

give the dicyano substituted 5,6,12, 13-tetrahydrodi benzo[ a, h] ant'’hracene of

For mul a CCXCl . ohprisoateooshag \fp@m@suﬂbam@gwr@dmwasm&P@mm‘iql@mpsHoE\f or
can QVli

exanple, with om.n chl or.of o ), p he

di cyano substit Q)Gftdg]{fcgc%whgg H’H%teéazé’ q% 1&%@3&1011 éc%%mﬁ:el. In §tep (8)) Tor examplte
the oxadiazole of Formula CCLXXXVII is provided by reaction of the acyl chloride
intermediate of Formula CCLXXXVII with 5-(4-octyloxyphenyl)-1H-tetrazole as in
Reaction Scheme L.

10



t et rahydr odi benzo[ a, h] ant hracene of Fornula CCXCl1. Treatnent of the
conpound of Formula CCXCIl, in step (4), wth base can give the

di car boxylwae 2@aiogkoed Forrmula 5 CCXCM I n step (5), treatn(amﬂszo(ﬁym]z[mconpound
of Fornmula CC XCIII with thionyl chloridsegan give the reactive acyl
chloride internediate of Formula CCXClV. Reaction Schene X CO2Me COVe CO2Me
Co2Me Q/ (1) Br-0- Br + OB O NG @602, %QII)@OZC McQ2C CCLXXXI X CCXC
Br Br (3) - NCCN CCXClI N NC CN CCXCl  (4) (5) Br~ Br Br-61 Br HOOC
COOH CIOC COCl  CcCxa 1 CCXCh\é 10 The oxadi az i agi azole, or triazole

may be fornmed at the a chl of groups (ﬁf e ide internedi ate
of Formul a CCXCl \Bv @ n2+oy ysﬂ hydrazide i as in Reaction
Schenmes 11-1V or by coup t 4 Reacti on Schene
. As an alternati vchlz ZL\,cyan gr ozrps of the di cyaﬁ!fh3 subst | t ut ed

3, 10-di bronmp- 15 5 3-t et r ahgpyoghenzo[ a, h] ant hztAacer{%C@NV ormul a CCXCl |
I

can be converted to tetrazole groups by treatnent@w th NaN3 and NICl in DV
at reflux. The tetrazole cantbe reacted with an aryloyl chloride as shown
k azol?’? WO 2004/ 096948 PCT/ U82003/ 032047
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Groups of Arl—(Ey)zl having one or both terminal rings substituted with E,, may
be made by first making a dicarboxylic acid of 3,10-dibromo-5,6,12,13-

5 tetrahydrodibenzo[a,h}anthracene as illustrated in Reaction Scheme X, below. In step
(1), dimethyl 2,4-dibromoterephthalate (available from Maybridge Chemical Co., UK)
is reacted with the cyanophenylborolane of Forinula CCLXXXIX (see Kristensen et al.,
Org. Lett., 10, 1435-1438 (2001)) to provide the cyano substituted triphenyl compound
of Formuia CCXC. Acyloin reduction (see Fritsch et al., Chem Ber., 125, 849-855

10 (1992)) of the compound of Formula CCXC, in step (2), can give the dicyano
substituted 5,6,12,13-tetrahydrodibenzofa,hjanthracene of Formula CCXCL



-58 The nobnocyano substituted 5,6, 12, 13-t etrahydrodi benzo[ a, hj ant hracene of
Formul a CCXCV can be nade through a sequential Suzuki coupling shown in
Reaction Soheom/oddoss In step (1), the phenyl borol ane of RarnudBofaE¥ayl is
reacted with excess (typically 5 equival ems) dinethyl

2, 4-di bronoterephthal ate to give the 4 5 bronobi phenyl of Fornmula CCXCVII as
the nmaj or pr odpgtomidhiidh SPr Examplai Wit brotthd il GAbRAm 4 et iPiLgyEhi pheny! of
Formula CCXCVI1 is reacted with the cyanophenyl borol ane of Fornil a CCLXXXI X
under simlar Bwridkithedgpiriorybsigotedidtitedibranm-§iovie, the nonocyano substit ut ed

e o ot eI R T BBy b AELSRUT TRAEH BB obiolegSt ' O
5,6,12,13-tet rMQM@EHB@ge{p]é&jgmﬁ)%%‘@axpéivgﬂfefﬂi&aﬁb%ﬁ@z{cid%%%%ﬁm

di brom nation, for exanple, w romne in chloroformat 0 C, in step (4),
may give5 the (B(dhb Insitpd§htisaienpolthd compfordn Feraaa CTRETd v thotipnyl

nonocyano CoO und of Forpul a y,.pbe reacted. with.Na Cl in DV
at reflex, in Plége%@%l‘?@‘éf‘aarc V‘Fﬁ‘gﬁtc Oflgfbtf%g 135P (I’IE{}%E%F&?( ich can be
reacted with an aroyl 15 chloride, Ar2C(OC, in step (6) to formthe

5,6, 12, 13-t etrahydrodi benzo[ a, h] antl uacene bearing a pendant oxadi azol e of
Formula CCClI. Alternatively, the cyaR@CgDmtSph@nﬁKhe conmpound of Formula CCC
can be hydrolyzed to forg;l%he carboxylic acid, which C@cﬁ?n

[N YN be treated
with thionyl chloride t&°Mrmthe a z%%hloriﬂ? i nt er pedi aLe.
chloride internmedi ate 2Q r ed-w an_aroy
e (my-_pe e@}ds ar oyl ¥

Reaction Schene || ma benz ar dr azi de A=ahi chy-can by )
to an oxadi azol e, gdjvddi azole, or ytriazole as ded€rib gb,cn Reaction Schenes
II-1V. WD 2004/ 096948 PCT/ US2003/ 032046 xb8xReact i on Schene )& %ZI\/E CO
co2Me Z M _ Br Br +J (1) Br / \ Q CO M O M02C MQ2C C

(2)’/

Lo o

NC
CCXCHl

CCXCl
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O
QQQ B — B
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10 The oxadiazole, thiadiazole, or triazole may be formed at the acyl chloride
groups of the acyl chloride intermediate of Formula CCXCIV via a
benzoylaroylhydrazide intermediate as in Reaction Schemes I-IV or by direct coupling
with a tetrazole as in Reaction Scheme I.

As an alternative, the cyano groups of the dicyano substituted 3,10-dibromo-

15 5,6,12,13-tetrahydrobenzo{a,h]anthracene or Formula CCXCII can be converted to
tetrazole groups by treatment with NaN3 and NH4Cl in DMF at reflux. The tetrazole
can be reacted with an aryloyl chloride as shown in Reaction Scheme I to form an

oxadiazole.



2 ccvevi CCXCVIT [/ CRMe (2)/ ~B)< NC CCLXXXI X C02Me CORMe CCXCV NC MeQRC
McCRC CCXCVI | | (4) Br Br (5) Br Br NCNCCCN-NCCC (5 Br Br NN -

yyO Are wW0Ghodooddwe di hal o i nternedi ates prepared as degectrigBamsioiroihe above
reacti on schenmes 5 can be converted to thkg correspondi ng di borol ane by
treatment with bis(pinacol ato)di boron and potassi um acetate catal yzed by

Ui Toxi de (Meng. ot! ARy QBLERRARTLLEN SR OL PR BEENDUMIBRN) ) 1o
gi ve t he di bdivonaheCQECWahibeanadEahjpapind seqfenfrdrimbia cduphky HewsyintRrasiced by

reacting the aryl boronic ester 10 of sel ected capping group with an
excess of thegc{i?Iﬁ‘éI}ﬂdé“ gep él)s@Fé’E?@db‘gP@HﬁPfEo%ﬁ%%%\égﬁé Cideviingprgess

Suzuki couplg g&gﬂgi%% g}sgdgﬁa rl@t@d%poﬁ%?ggg%gja@gt% J}@élﬂhﬁgr_one cappi ng

group coupl e genated aromati c group. This internediate
can then be domuebipachyl of EtrendoCCESPolhds thy msjyt podoati dn etsp €2), afirer nedi at e

by treatnent wth bis(pinacol at o) dib d_pot assi tate catal yzed b
D 4 00 500 mebeusm. Berh Desbunensiol Formg CERCVITs fackdwith the® 2 Y264 BY

*(Jil gg?;g:}g”g't ROGRIINRADEBIH0 68 BEMTIE BeaHORRI ARAU T hitar M TBE G Lp Y T OXi de
conditions to give the monocyano substituted triphenyl of Formula CCXCVIIL In step
(3), acyloin reduction as in Reaction Scheme X provides the monocyano substituted
10 5,6,12,13-tetrahydrodibenzo|a,hjanthracene of Formula CCXCV. Subsequent
dibromination, for example, with bromine in chloroform at 0 °C, in step (4), may give
the dibromo monocyano compound of Formula CCC. The dibromo monocyano
compound of Formula CCC may be reacted with NaN3 and NH4Cl in DMF at reflux, in
step (5), to form the tetrazole of Formula CCCI, which can be reacted with an aroyl
15 chloride, Ar*C(O)Cl, in step (6) to form the 5,6,12,13-tetrahydrodibenzo[a,hjanthracene
bearing a pendant oxadiazole of Formula CCCIIL
Alternatively, the cyano group on the compound of Formula CCC can be
hydrolyzed to form the carboxylic acid, which can in turn be treated with thionyl
chloride to form the acyl chloride intermediate. The acyl chloride intermediate may be
20 reacted with an aroyl hydrazide as in Reaction Scheme II to form a
benzoylaroylhydrazide, which can be converted to an oxadiazole, thiadiazole, or

triazole as described in Reaction Schemes 11-TV.



al inJ. Og. Chem 60, 7508-7510 (1995)). The aryl boronic ester

internmedi ate can be cross coupled with an end capped and nonohal ogent ed
aromati c cowe mbs/ddbessane or different structure under Spewhkis:@edPloing
conditions to arrive at the final conpound-ssf 5 Formula V. Conpositions
There is a need in the art for solution processible electrol um nescent
conposi tions that can be uniformy cealgthOSchRhented onto a substrate for
the purpose of 10 fabricating organic electrolunnescent devices. OLED

devi ces prepared fromthese conpositions preferably should provide at |east
one of the follow ng: |ow operating voltages, high exterpgal, quantum

efficiencies, proper COKEEM%oordlnatQ§)M@ g. red, gree and_hl ue for

di spl ay applicatiaons mhlte for batklp apphi cagj ngyoperati ng
lifetinmes, and confat Hy wit hi’: i?(ng—p&ocess . g. j et
printing, laser ipdygced 15 thernal gravur@mpg]ntmagc etc). One
aspect of the invention provides coqu F Ljons that can be used Cgx@rgani c

el ectroni c devices such as organic e Tol um nescent devices. The

conposi tions include a compound according to Fornula | thatmes bl ended with
a charge transporting material, charge bl ockin ) IDg&% emtting
mat erial, color conversion material, 20 polyneritc /b(e onbi nati on

t hereof . The charge transporting material can be eltham;a sgg& Lol ecul e or
a polyneric material and can transport holes, electrons, L8 Nat i on

t hereof. The charge hlocking materi al can(?@ el S?r a snall nol ecul e or a
pol ynmeric materi al —3 of ' or a conbination thereof.
The light emtti ' 3 mat eri al can be either
a smal | nol ecuhe 56 - 3 blenfls can be prepared, for
exanpl e, by bIendingcgﬁgﬁ npoundshWh @b@u utisgncor in a nelt state. The
conpositions can bein e formof film pre ared fromthe bl ended
conmpounds. Such conposit{ions can be useful‘?gg Hhklng organi c el ectronic
devi ces by thermnal pati@}ning of the materials onto a receptor. They can

al so be useful for non-"30 thermal printing, patterning, and transfer

nmet hods i ncl udi ng, i nkjet printing, scrg inting, and

phot ol i t hogr aphicg e.tranbgrt ager @ ege

conpositions ar g pf

The dihalo intermediates prepared as described in the above reaction schemes
5 can be converted to the corresponding diborolane by treatment with
bis(pinacolato)diboron and potassium acetate catalyzed by [1,1-
bis{diphenylphosphino)ferrocene] dichloropalladium in dimethyl sulfoxide (Meng et
al., J. Am. Chem. Soc., 123(37), 9214-9215 (2001)) to give the diborolane derivative.

Compounds of Formula V can be synthesized by reacting the aryl boronic ester
10 of a selected capping group with an excess of the dihalide of a selected aromatic core
intermediate under Suzuki coupling conditions to generate an intermediate having one
capping group coupled to one monohalogenated aromatic core group. This
intermediate can then be converted to the corresponding arylboronic ester intermediate

by treatment with bis(pinacolato)diboron and potassium acetate catalyzed by [1,1°-



tertiary aromati c am ne derivatives as defined above, electron rich

het er oaryl ene WO 2004/ 096948 PCT/ US2003/ 032047 -61 derivatives as defined
above, el aginenikdLh i norgani ¢ and organonetal | i ¢ conpl e¥gfss:65/03409 Yer s
derived fromthese nmaterials. Hole transpgpt polyners useful in these blends
i ncl ude pol yvinyl carbazoles, triaryl am ne based polyner of the types

taught in DE,.Patent ) 0.649,. U.S. Patent No, 5.681.664 t ent
application \Mﬁ@é’ﬁ wgg%spghgﬁy%%epgﬁcha%waﬁ%g RO egkﬁ 6‘8%“7%‘?@ @Sﬁly%]f'a’%i ch
are i ncor por ail ady. l0yter €heanh 691G @507 BEY (1985anThe sryiborbgl esitr mnspediateaganes

i ncl ude copper phthal ocyani ne (CuPC) and conpounds such as those descri bed
in H Fujikakaossepupled withyagtend cpppedisnd monobalogargad aromayq porged the sgme or

G azul evi ci ua;; - r i ; S I es",
randbook of | AN aRRtsroeFRe bt SR RBl B aROR e ADC B R e HESE S
Nal wa (®d.), B@mul3B-274 (2001). Electron transport agents useful in these
bl ended systens can be selected from polycyclic aromatic hydrocarbons,

het er oaromati ¢ conpounds having -C=N- units, and electron deficient

i norganic cor@$rﬁx§§ti SSui tabl e el ectron transport agents include oxadiazole
derivatives SUCH S %(4- bi phenyl ) -5-(4-t-butyl phenyl)-1, 3, 4- oxadi azol e 15
(al so known as PBDJhere is a need in the art for solution processible electroluminescent

1, 3-bi s[5-(4-(1, 1-di net hyl et hyl ) phenyl ) - 1, 3, 4- oxadi azol - 2- yl Jbenzene (known
as PBD di mer )compogitipps B4l epndeidmiiormbyreatsd i priniedi catasubseteveisthe purpose of
oxadi ag@ les g@grﬁc%a?lgg E!F%ﬁg:neleecttro nﬂnes%\éﬁltt%%ygg Bﬁﬁi Fevicdd preﬁ:y%r?éd(filo%?@e)se

N-substitute erivatives suc
3- (4- bi phenylgsmpoditiphepiglerbiy $hdiad brovitdeyd: phasiote)ol tBs filotvingalol epdratigo known
as TAZ) as well as starburst and dendrineric derivatives of 20 trjazol es;

or ganonet al | i Wlegpbighgstesin ﬁuagumreifﬁfégl%ﬁﬁqw@ﬁwﬂlwﬂ%@ataﬂ G Fidareiealg3)
Goscri bea | n LOREE BXHLTYANEA LR DR GRSy R, Brdpebiaoun s

G azul evi ci uslifetheqland corfapatbiléty Widnsp erihiingpidotsgfegsinkjed pitires Wsar inthagses” ,
Handbook of Advanced _Electronic and Photonic Materials and Devices, H. S

Nal wa {@d.), ltherpdInaing gyavossprpig ¢ikpl ecul e enitters useful in these

bl ended syst e al@ndMshBQUl HeiRtddth p28idesibnrdbBohY MaCadnlbe 6 AL EMLE" Om
nol ecul ar emtters derrve rom Fl Uorescent pol ynucl ear aryl ene a

het er oar yl enelédsbnicalevices suchhas sphmiccsatniumipeicemedeaddeat Ehe chep@iteons

mclude a compound according to Formula I that is blended with a charge transporting
material, charge blocking material, light emitting material, color conversion material,
20 polymeric binder, or a combination thereof. The charge transporting material can be
either a small molecule or a polymeric material and can transport holes, electrons, or a
combination thereof. The charge blocking material can be either a small molecule or a
polymeric material and can block holes, electrons, or a combination thereof. The light
emitting material and the color conversion material can be either a small molecule or
25 polymeric material. Such blends can be prepared, for example, by blending the
compounds in a solution or in a melt state. The compositions can be in the form of film
prepared from the blended compounds.
Such compositions can be useful for making organic electronic devices by
thermal patterning of the materials onto a receptor. They can also be useful for non-
30 thermal printing, patterning, and transfer methods including, for example, inkjet
printing, screen printing, and photolithographic patterning.
Hole transport agents useful in these compositions are preferably selected from

tertiary aromatic amine derivatives as defined above, electron rich heteroarylene



conplexes of Ir(H), Ru(l 1), GCs(ll), Ru(ll), Ni(ll) and Pt(I11), and
fluorescent chelate conplexes of Zn(1l) and AL(lI11). Exanples of useful

f | uor escentwpobtaiecd4gar aryl ene 30 emtters include nol ecpbegseRsiyes from
peryl ene, benzo[g, h,i]peryl ene, anthracene;61-pyrene, decacycl ene and
fluorenes. Exanpl es of useful fluorescent polynuclear heteroarylene
derivatives i ngdriidgvéRls@eth@saiRe] a&@r&lr&mlﬁ&gﬂﬁﬁ @ oﬁgldﬁ@mémlﬂe%o&%ﬂexes or
benzot hi azolyl)-2,3,6,7-tetrahydro-1,1,7, 7-tetramet hyl-1H, 5H, 11
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(al so known as’ umar

3-t hi ophenyl - 7Pﬂeﬁthm§y:cmme49 .S Bxagmhes 5@R 1688 phen BPSRAGHE FEOIY/32537,
cyclonetal | ated chel ate conplexes of 5 Ir(U_ Rh(Ill), OGs(ll), Ru(ll), and

Pt (11) ifcl udeanfbpasenipppiicaber VEd *B106AY 3. 5H @H@@@@@@tﬁowg&%bmfﬁrqﬂp@ Qg r
I11), L'3Rh Ru(11)Y,
(LlL ?Dt (rn) coErpo&#&%S (%/\fhlhé)reetgﬂs{) a"t:ll?f' &5 8%C$E%H?r p%[gl&nﬂggg}n%cdﬁ)cfufpdp]a [ E] e?ach

i nstance and aé(ﬁn Uﬁ)ﬁlﬁllﬂa‘sthﬁEdch%&@ﬂxHYEﬁ}QﬂmfaaéﬂanntbétdﬁME&ﬂﬁQﬂlfgands

of 2-(1- naphth enzoxazol e, 2-phenyl benzoxazol e, 2- phenyl benzot hi azol e, 2
10 phenyl benzi 9&&):@1@ Vﬁwn@mw@ﬁ abl‘ Gb@rgecBnanmﬂmﬂg ]leﬁméﬁyﬂHQNP]@Wiél)
phenyl pyri di ne en ot dID 3 net | pyiri di .

t hi enyl pyri di ng 25 : LI £ O FHERARINC AL bl | ity of

acet yI aqet onat 8alw @(@ag"m 239@341@0@95 oacet yI acet onat e, salicylidene,
pi col i nate, and 8-hydroxyquinolinate; Y is selected fromcharge neutral

chel ating conpoundsElgien Hgn@ﬁrt@g@m@) ﬁ#lfllﬂym shetse blendedeyystemsdiap bg aeledied fom

Slch as. those PRNGHTHHR Bt EaloRt Bl SEShupic b bl e oy ik 57y
and cyl conet abla&teah @‘(cidn) u@hgnai@m;tﬂéxevaswme Slu@th)rﬁ@aﬂsbmeﬁérﬂslglhtudbn U.S.

Patent Application S.N. 09/935,183 filed August are herewi th
i ncor porat ed b§xadiagplrderiyativas|saeh #ar4- b?hﬁbﬂbﬁﬁwtﬁgtymﬁyléé ~bt-ozedipzgle

por phyria (al s P%QJ ( ) %.H ( ef ul
fl uor esclgnt ch qlgjtqgl\ggvgﬁ%l ex Pti 3%% (ﬁ?()]q gl%ﬁ]fﬁﬁl @%@3?@‘{ 8%%crﬂ;p Ogées such
as bi s( 8- qui nokijpalzaieoknadwn Qé PBD, dibiies)(adwe2l-as starburst and dendrimeric derivatives of
‘ oxadiazoles (Bettenbhausen et al., Synthetic Metals, 91, 223 (1997)); N-substituted
triazole derivatives such as 3-(4-biphenylyl)}-4-phenyl-5-(4—tert-buiylphenyl)1,2,4-

triazole (also known as TAZ) as well as starburst and dendrimeric derivatives of

20 triazoles; organometallic compounds such as tris(8-hydroxyquinolato) aluminum (Algs)
and biphenylatobis(8-hydroxyquinolato)aluminum (Balq); and other compounds
described in C.H. Chen et al., Macromol. Symp. 125, 1 (1997) and 1.V. Grazulevicius

et al., “Charge-Transporting Polymers and Molecular Glasses”, Handbook of Advanced
Electronic and Photonic Materials and Devices, H.S. Nalwa (ed.),10, 233 (2001).

25 Small molecule emitters useful in these blended systems are without restriction,
but are typically selected from molecular emitters derived from fluorescent polynuclear
arylene and heteroarylene derivatives, phosphorescent cyclometallated chelate
complexes of Ir(IIl), Rh(IIT}, Os(II), Ru(II), Ni(I[) and Pt(II}, and fluorescent chelate
complexes of Zn(Il) and AI(IIT). Examples of useful fluorescent polynuclear arylene

30 emitters include molecules derived from perylene, benzo[g,h,i]perylene, anthracene,
pyrene, decacyclene and fluorenes. Examples of useful fluorescent polynuclear
heteroarylene derivatives include molecules derived from coumarins such as 10-(2-
benzothiazolyl)-2,3,6,7-tetrahydro-1,1,7,7-tetramethyl-1H,5H,1 1H-



hydr oxyphenyl ) benzoxazol ate) zinc(l1),

bi s(2- (2- hydr oxyphenyl ) benzot hi azol ate) zinc(Il),

bi s( 2- ( 2- hydnraxypémesnyl ) - 5- phenyl - 1, 3, 4- oxadi azol e) zi ncedt/bs20b3/@081725

qui nolinolato) alum nunm(l11), and bi phenylgs obi s(8-hydroxyqui nol at o) al unm num
(BALg). Fluorescent Zn (1) chelates such as those taught by Tokito et al.,

Synthetic Metaghs, - 2 393 in-{ 28 ' ARPddsgatipn WO
01/ 39234 A2, bszoprindiber.s Hi ?‘ﬁ"?@’r“péfa?ée)%“%% ob B AarRO9, 1)
chel at es i ncl bdgotthooéyll-ZighthylaminochSnarRatagsotknen 6 (208033 @& JourdginSui t abl e

light emttin ol r.s for e i,n these blends are polyners and copolyners
of the pol yfl 3%‘5%@?(%@?%@1%?8%&%@%%3 ( PPPs) ,

pol yphenyl enevi nyl eRegplPBMsdful pREshotsedd CohbstlalES BB atc\WOIngRQ4L 096948
PCT/ US2003/ 032047 -63 I n one enbodi ment, a conpound according to Formula |

i s bl ended w tHIHnBh@H), Geolle Rblle apd PYID orchrdsvuincecudescdamyed ifioimon t hat can
transport both, holes and el ectrans. ; F exanpl g d, of a |
t hat Ean trapg%%gpb°1§ﬁ@8f ?rgﬁ%oﬁ%{%ﬂﬁé‘ %ﬁ%‘? g&%@%a‘éﬁ)ﬁ@ﬁﬂ %ﬁ;l&?@g@cul e
or a polyneri Elﬁ@sﬁﬂxr,inﬁﬁaf(n?v,mlmﬁp@m &mpoaal wier? ISUIRASichh B (1EARATROT

charge bal anced by virtue of the blend ratio and the conpounds selected.
Optional |y, adiffegént impachtinstancp @hy axsroptiondlyesibstatutedicyieloostallatddlidentast ecul e

can be added t.0o the_hl end orm conposi tio t hat can he fornmed.into,.an
organ o em sSRRSar drrert EHSEbYREE S tial ety iRl 2
processjigbl e apgeydenRnidRk, 7SS doqtRoliR éﬁlﬂﬂdrgl?(thféhﬁlppfﬁhﬁ_ﬁ),tpﬁé‘ﬁyl rfline.

el ectrol um nescent. The conpositions can be, for exanple, in the formof an
anor phous fi | henzettienydpyrigénet Aansthydny2tphangpendive thieoptpgrididetolylpyutdine: Atie t o

a receptor substrate. The compositions c be thermall,y imaged to form
pixilated arré& _%Ctﬁcggf’gﬁtﬁ? ﬁrobqﬁﬂlsﬁt%loiﬂceﬁgﬁﬁé%ﬁtﬁ{ gcaafnz can be optinized to
give rise toniAioftasattldpaisidid, GhIRR e, Pi‘cbﬁﬁétél,fﬂnﬂ%sl@ﬁﬁ@%(dﬂﬁw‘ﬁﬂﬁ%! Wgs t he

t hi ckness of the 15 filmand the ratio of conmponents W thin the ranges
speci fi ed. ThecletwdEporrhecskapucd shpleting egipeanndy sudhcis @a optionally supgiiutedni tti ng

et o For SR ey SRR oPLTUANR cRABISPATERAARL e
benzot hi enyl pydhi MithssedighyingRaehn0 BRI R afidisOVONGd/ 10655 a0 WOILVASAR Al and
cylcometalated Os(Il) chelate derivatives such as those taught in U.S. Patent
Application S.N. 09/935,183 filed August 22, 2001 are herewith incorporated by
reference. Platinum(II) porphyrins such as octaethyl porphyrin (also known as
20 Pt{OEP)) are also useful.

Examples of useful fluorescent chelate complexes of Zn(II) and Al(TH) include
complexes such as bis(8-quinolinolato) zinc(Il), bis(2-(2-
hydroxyphenyl}benzoxazolate) zinc(H), bis(2-(2-hydroxyphenyl)benzothiazolate)
zinc(1I), bis(2-(2-hydroxyphenyl)-5-phenyl-1,3,4-oxadiazole) zinc(Il), bis(8-

25 quinolinolato) aluminum(IIl), and biphenylatobis(8-hydroxyquinolato)aluminum
(BAlq). Fluorescent Zn (II) chelates such as those taught by Tokito et al., Synthetic
Metals, 111-112, 393-396, (2000) and in patent application WO 01/39234 A2, all of
which are incorporated by reference. Useful AI(IIT) chelates include those taught in
U.S. Patent No. 6,203,933 B1.

30 Suitable light emitting polymers for use in these blends are polymers and
copolymers of the polyfluorenes (PFs), polyparaphenylenes (PPPs),
polyphenylenevinylenes (PPVs), and polyspirobisfluorenes.



oct aet hyl porphyrin give rise to red em ssion; Coumarin 6, Coumarin C545T and
20 Ir(ppy)3 give rise to green em ssion; and t-butyl ated decacycl ene gi ves
ri se to whiwe 20emwssison. The conpositions can include a fipc§iyss@i3pesid
according to Formula | and a second conpougd that has structural
simlarities to the first conpound. A conmpound of Fornula | has a aromatic
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The second conpound can I nc a e aronatic core
of the first conpeurathrials topnoxidd £odmpasitiaathat daattranssirubbkes hblee ardielectaqpi ng

group of the fjrst cqnmpound, a_ dival ent_radical that jncludes a dival ent
radi cal of the%IBHﬁx@gg%inP@PBﬁBfE?nﬁ%l fhat gqp té%ﬁ%‘bﬁﬁﬁ]l&‘?mﬁ}s a0 06 BMREEAoN

thereof. The S%Qf@th%f)g@ﬁﬁ@%o?&ﬂlehﬁ"apoflﬁﬁerﬁe(ﬁﬁgltr‘ﬁ%sp%rﬂﬂg%ﬁteﬁm tSukRg

material, a color conversion material’, a charge 30 transporting material, a
char ge blsocki ngompbetioatban b qalgerhetdincedbndetg of thesbleahhitinatd g copipenedd . | n
this aspect, th% se{go d .conpound can be unsubstitu , .can have

substituent of%&§ PHONRLY; b Lehtietnifingpokyme pre Erg PE%E‘H&FW&%Q‘PIF%? ure
of the first conppuithedqh tﬁé‘%l%rﬁi?ﬁéf?@@%ﬁ%@gé&ﬁ@@%é B384 d inBAn APk

substituted with a substituen IS absent on t correspondi ng structure
of the first econpowwdemtém. some enbodi ments, the substituent on a radical of
t he second conpoung@can be identical to that on a correspondi nge structure

of the first conpourtdese tyRes ASPPRSHYARS 7 BstSPiitog peocsesiblrand casbe RInpenR

can be t fir i r i retelol di val ent
radi cal i(;b? the%(% F%@ggﬂg élg‘%ﬁ?aﬁé‘} %‘?gﬁlﬁ)&ﬁé@ﬁ&? ﬁeﬁ raél?tg)gl iro%? E%Hh%g’sfgrcond

conpound and t ksampier msthe fativngf aatamorphous fidf thitecaf be shermelip tamderrahiiome f r ee
of substituents, In specific exanple, t first end cappin oup can be a
radi cal of ant ﬁfﬁ%wgs%ﬁ? HbteceRigr %%ﬁt’i"t ﬂgﬁfo‘ﬂPWE“éﬁan gggleg@%bhﬂg% dund
includes ar a@bﬁ@}tﬁxﬂﬁt&ﬁ@hﬁ?ﬁ%ﬁﬁ iﬂ‘blﬁ%ig@ﬁy e REEUTMSNT cATRWPHmPEED b3 »

both the radical of 10 the Second conpound and the correspondi ng structure
of the first coispouhighgamthenedficiengrleatmlumimbsentatmnyayingnheathepeedsfdf the

cxarpl o b et eI SARRY 18, AU A0 NS 2peadLCal, o SpLIACEnS M) 2
22; hracene wit RagedBY BRIYe SRS tibheRtingndtBGalS #OPLOSIIL | RAyIaR, bR(Ae first
hydroxyphenyl)benzoxazolate) zinc(Il), or 3-thienyl-7-methoxy-coumarin give rise o -
blue emission; benzothienyl pyridine acetylacetonate ridium(IH), or platimam
octaethylporphyrin give rise to red emission; Coumarin 6, Coumarin C545T and
20 Ir(ppy)s give rise to green emission; and t-butylated decacyclene gives rise to white
emission.
The compositions can include a first compound according to Formula I and a
second compound that has structural similarities to the first compound. A compound of
Formula I has a aromatic core and two end capping groups that are attached to the
25 aromatic core. The second compound can include a radical that includes the aromatic
core of the first compound, a monovalent radical that includes the end capping group of
the first compound, a divalent radical that includes a divalent radical of the end capping
group of the first compound, or a combination thereof. The second compound can be,
for example, a light emitting material, a color conversion material, a charge
30 transporting material, 2 charge blocking material, a2 polymeric binder, or a combination
thereof.
In this aspect, the second compound can be unsubstituted, can have a substituent

of a same type that is present on the corresponding structure of the first compound, or



capping group. 15 Additionally, the second conpound can contain a radical
that is simlar to, but not identical to, a corresponding structure of the

first conpaumdsndsoss exanpl e, a substituent on a radi calpc@iuhiigssgend
conpound can be absent on a correspondi nggastructure of the first conpound.

In a specific exanple, the first end capping group is a radical of

anthracene wi &euluB e 4 UeUnaRoHRS: AthdANSESANIoEORPOHRAE Bebides

20 a radi cal ant hracene with a nethoxy substituent
substi tuent dirscanguhiuodl mlsﬂﬂiewdﬁntdumbntmmefsubsttumKnp(auacﬁc:dauﬁtlkneseadnniant on a
correspondi ng structure of the second conpoun | n anot eC|f|c

exanpl e, the TFHEH" SHpBUIdgntic tythabene eIpsPoRSIRg BTHstTE Hgf & fg tgompound.

spi robi sfl uorgRydor@smuit ﬁfgtgthmauéf%fmlﬁrs%lée {pbﬁﬁl?&h RNk fie appeaRdorOmROUNd
has an end cappi ng group i's an unsubstituted spirobisfluorenyl group.

25 A substi t uiemt emﬂrr:aapmg@smqi ooh dizhlensedmabiofcbeiounad c&ppntgroﬁp t hotlstore t ype

of substituen al kenyl , al kox ryl fluoro,

{1 uor ot kyl - Tt wPRY pom e i or snndtdy e brd b ints g
thereof) pre t r o but
cont ai n & i TR R RO L e Al e i B,
first end cappdicgl gfrapthyadese avithadi oyl subdtiteant hraapemnd the tehoBDcanprent mojudes

substituent and th econd conpound i n¢cl udes a rad of anpthragene with
o ot hoss s U Lot AR ST Subr R sy ootoe! bR LB has

an end jpcappi fg s@oAH Ry mb@ﬁnd élﬁhée&r&é%ﬁﬁ QRRANE oFIRURSSBTobhd L &Phaet h @
nmet hyl group and the 2004/ 096948 P 003/ 032047 -65 second conpound

cont ai ns an eidentcabpibsgtugntoupn & bpdcificsexamppy, theldirsf dndorappipf ggrupuwpn bsabst i t ut ed
with a tert-butyl 0 The .substituents.on th irst oun d, the
second conpouﬁaré%é]a‘%rr‘?&ﬂﬂf)@n‘éfw il a Ry @’ﬁﬁsmﬂ’?’btea“gftﬂ? W@?mg?cgg gt”i“?ﬂqeé& in
the same posifiRAEL of MtiRa@RE Wi a(?m@?héﬂ?élﬁsnﬂu%nttlﬁQhésaiﬂer;ﬁisltféﬂ% SRR IR 8 OoUP
is a spirobisfluorenyl group substituted with a methyl” group and the second

conmpound has lai_psmgrgo@l];sf | uorenyl group substituted with a phenyl group in
(1S 528 Pos! 4 O Mgt e T e SO B S509 2d  1 §EnPEBA00
second conpougd iddntitNfo COFRASHEAREY GRBRSoRLSE FRdtlcoMPbasd! | 1or (ekmﬁple, fon-
substituent on a radical of the second compound can be absent on a corresponding
structure Qf the first compound. In a specific example, the first end capping group is a
radical of anthracene without any substituent groups and the second compound includes -
20 aradical of anthracene with a methoxy substituent. Likewise, a substituent on a radical
included in the first compound can be absent on a corresponding structure of the second
compound. In another specific example, the first compound has an end capping group
that is a spirobisfluorenyl group with a methyl substituent and the second compound
has an end capping group that is an unsubstituted spirobisfluorenyl group.
25 A substituent on a radical of the second compound can be of the same type of
substituent (e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl,
perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof) present on the
corresponding structure of the first compound but contain a different number of carbon
atoms. In a specific example, the first end capping group is a radical of anthracene with
30 a methoxy substituent and the second compound includes a radical of anthracene with
an ethoxy substituent. In another specific example, the first compound has an end

capping group that is a spirobisfluorenyl group substituted with a methyl group and the



10 polyneric) or can be a polyneric material. In sone enbodinents, the
conposition includes both a hole transporting material and an el ectron
transporti ngvomwenisals I n ot her enbodi nents, the conposi ticangde6slodslas a
hol e transporting material, an electron trgnsporting material, and a |ight
emtting material. In one enbodi nent of a conposition of the invention, the

£ 4. g & : g
I'rst conpoun F%@g-@,coﬁg Irs%ﬂsﬂf;&ﬁ&gﬂﬂ W%%QBMLQ gﬁlgt}li]?%}ﬂgf’d st en

cappi ng group t  conpound’ c8fF represente xanpl e by
t he fornul a ZI sdesditutedhwite aAert-butyherouar omati c core and Zt are two identical

end cappi ng groups),. The second c ound can . b ol yneric or smal | .
mol ecul e (i.e., non:TGBIS‘g}l?Fé‘HeB)S Cﬁ’ntge gcﬁmgg'&ﬁirﬁ‘%éﬁ S%QB?)F?@PO Plpgiot
i ncludes the figgteandhLiaBR NG ARERKE! ifl the LhE p%@ﬁfaﬂd_xﬁ%g&qﬂégmlaqf fRd
20 capping group Z2; and Z2°includes Zt). In a'variation of this first

ehbodi merft , t hdirftiend capmng gappingsgrabigiluorenyhgose sdnttutehditb appithyg gogumdas
a substituent that is, absent .in the qQther nmojety. |.n _anothe ariation, the
i Tot ond canpiicseati Tamand s & Sop BRE g Lo s B BUE Hape REY e o y pe
of substituent g, -posfiol ¥bher@dhk §Mthyl X YocafH¥n th@ Fivdt @%Y OB
fluoroal kyl, 25 e|€)er ior oal kflr, hgﬁr%ﬁ 1o het er oar yl, or g%ﬂ bihat | ons

t hereof ) but t Heenthepeupsire roachorleatdirdeisthutthmlly shsilat uents are different.

In a second enbodi t, the first compound is.a conpound accordj to
Fornula | and has gE[nth F%‘EOHEFBWBPF%&%{;E‘E Cerapgpition ¢g iarsé’?alg%’ﬁ%ﬁg]:‘?gg?:awtbe
represenfed, foLyneX¥RNBE &nthe 4 M8y e Hag gl Ah-sémiRalRdAnedtS thd\&rhpdsifon

1
aromatic core anc;’ Z are two 30[5}iﬁdent| cal end capping groups). The second
conpound can benguodesieth chde transpoeting maetidcnt en aledtron trandposting maigdiielalInt hat

includes the first aronatic core (e.g., .the, seco conpound contai ns_ a
radi cal A2 and Oﬁ@”FH@P@HE’EBA??.CO@%%@WWS%@%%9%%@3%(%5%% P EEER N a
vari ation of thﬁnﬁﬁﬁ@[@mﬂgﬁgﬁhﬁ@g'ﬁghgé}ﬁtﬁﬂgrrﬁgte@zﬂpmti c core or the

correspondi ng radical in the second conpound has a substituent that is
absent in the ot herdnpoé embodiimenbwiot trerposdional iherinvertienf ihe Jirstamoompetidisgor e

and e R oo nanslig Lt ial o RS SRTOR SRR Sy e BE P ©
fluoroal kyl, pebldpd@fidankbe replegingd @ drexhmpRely@hOfinthila Bf-A-Z; where A is the
aromatic core'and 7, are two identical end capping groups). The second compound can
be polymeric ot 4 small molecule (i.e., non-polymeric) and has a second end capping
group that includes the first end capping group(e.g., the second compound has an end
20 capping group Z;; and Z; includes 7).

In a variation of this first embodiment, the first end capping group or the second
end capping group has a substituent that is absent in the other moiety. In another
variation, the first end capping group and the second end capping group have the same
type of substituents (e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl,

25 perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof) but the number of
carbon atoms in the substituents are different.

In a second embodiment, the first compound is a compound according to
Formula I and has a first aromatic core (e.g., the first compound can be represented, for
example by the formula Z-A;-Z where A; is the first aromatic core and Z are two

30 identical end capping groups). The second compound can be polymeric or a small
molecule and contains a radical that includes the first aromatic core (e.g., the second

compound contains a radical A, and A; includes A).



conbi nati ons thereof) but the nunber of carbon atons in the substituents are
different. In a third enbodinent, the first conpound is a conpound

accordi ng wo 2¢gnpashe | and has a first end cappi ng groupedBuUSoes/dibe-first
conpound can be represented, for exanplessby the formula Zi-A-Z1 where Ais
the aromatic core and Zi are two identical 10 first end capping groups).

The second conmpoung 4 ridtiSHBf the IRIoRE ¥hbodiskolafic Airst @AM GaRPI Ng group
that includes the first end capping group (e.g., the second conmpound can be

represent ed, dosresgonaliny redicilyin thveseroncherdmapopad Bag2 Swmer@nghﬁels heenainolat i ¢

core and Z2 e two identi d. cappi r and Z2.i ncl.udes
700 such a LdRel df RoBRoBE6GL I AR FORR S B AR RS S TR
i ncl udes two 1&‘affﬁé tecdm E@hlftﬁiﬂﬂ(hﬁvé!\ﬂfehaﬁe tﬁetdf\éﬁba(thu@ts (&) ety OARdHW Qi l¥ky,

el ectrol um nescent) aromatic core. The simlar end capping groups can be

used t 03 enhan@El, afyéospipen Bmprp@lwbpemﬂﬁ@rqa@loflemrpa-lkyﬂn e oI n a

vari ation of th rd.enb the fir end ca he second
end cappi ng gro(% ng'é’ S%af:ﬁ gld[h a suLBg}i’eirO&% f’o?ﬁtotms % E dn;f er end
capping 20 group. ' @AROERBbHdVRIt,Ahd Bt céiﬂf)dhnﬂh?aEbmﬁéur@%cbﬂ&mg&@%ﬁﬂuﬂnd
cappi ng groups can have substltuents that are of the sane type (e

al kyl , al kenyl anddiag exXirst ead gapping glovRrye-2£ fhedirst confroynd el lk%ll‘epreﬁem&(ll if@fr oal kyl ,

et e oAl Ky B O P 20) TR B R Bt D USSR o
conpositpi on i MGt eeSappin F gf@ips)c OTRAIDEh PERPAhA G 4 SmalPRolRUELNE hbs 2 8ecdREONd
conmpound that is a snal 'ecule, and a third conpound that is a |ight

em tting pol y@?@rcapmﬁé gfttl@sthateraﬂhpdﬁarthp hmtend ¢4ppEIS SoRP @ﬁa,p‘ilﬁ geC@rlé gpinpeunyl

the first cogp n be e rl CAZ1
where A is the OW%%H %Cg)rrg an@%;ﬁ}?a%o lllaéden%"i %%TBI 80 algcgfc ng

groups) and tdmel zsleﬁ@n@b idemigabseedndasd &p@ﬁ@%ﬂuﬁndn&ﬁpﬁbmgegzguﬂuﬂhat
i ncludes the first end capplng group 30 g., the second conpound can be
represent ed, §apPasitipmspald bsysedy Wﬁamﬂleat%ntesarzz fipnbpangudes tesmallomat i ¢

core ang 72 %81&&’1&9 A& ?\15, (EEC&@Qtr(%ﬁvc?&paé&%l%ﬂ}‘é&%np%at@co;ré‘C'h‘l‘edes

Zl). Such a conp 68111 on ¢du exa epare a filmthat
i ncl udes a snahlhlamﬂdampbxeolgkmpsl ci bdugkdlid gﬂmanemﬁetdon@a@mlwmthmkm emilhe end

cappi ng WO 20313{(323259.48 PCT/ US2003/ 032047 -67
In a variation of the third embodiment, the first end capping group or the second
end capping group can contain a substituent that is lacking in the other end capping
20 group. In another variation, both the first and the second end capping groups can have
substituents that are of the same type (e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro,
fluoroalkyl, perfiuoroalkyl, heteroalkyl, heteroaryl, or combinations thereof) but the
substituents can contain a different number of carbon atoms.
In a fourth embodiment, the composition includes a first compound according to
25 Formula I, a second compound that is a small molecule, and a third compound that is a
light emitting polymer. The first compound has a first end capping group (e.g., the first
compound can be represented, for example, by the formula Z;-A-Z; where A is the
aromatic core and Z; are two identical first end capping groups) and the second
compound has a second end capping group that includes the first end capping group
30 (e.g., the second compound can be represented, for example, by the formula Z,-B-7,
where B is the aromatic core and Z, are two identical second end capping groups; and
Z includes Z;). Such a composition could be used, for example, to prepare a film that

includes a small molecule blend with a light emitting polymer where the end capping



groups of the first and second conpound can enhance the conpatibility of the
entire- conposition. The small nol ecules can include active aromatic cores.
In a vari atworreofossy¥8 fourt h enbodi nent, the first end cappirng:@sosfpsor the
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groups of the first and second compound can enhance the compatibility of the entire
20 composition. The small molecules can include active aromatic cores.

In a variation of the fifth embodiment, the first end capping group or the second
end capping group can contain a substituent that is lacking in the other end capping
group. In another variation, both the first and the second end capping groups can have
substituents that are of the same type (e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro,

25 fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof) but the
substituents can contain a different number of carbon atoms.

In a sixth embodiment, the composition include a first compound according to
Formula I, a second compound that is a small molecule, and a third compound that is an
inactive polymer. As used herein, the term “inactive polymer” refers to a polymer that

30 is not electroactive and that is not a light emitting polymer. The inactive polymer can
serve, for example, as a matrix for the first compound and the second compound. The
first compound has a first end capping group (e.g., the first compound can be

represented, for example, by the formula Z;-A-Z; where A is the aromatic core and Z;



serve, for exanple, as a matrix for the first conpound and the second
conpound. The first conpound has a first end capping group (e.g., the first
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formula Z-A;-Z where A is the first aromatic core and Z are two identical end capping
groups) and the second compound contains a corresponding radical that includes the

20 first aromatic core (e.g., the second compound can be represented, for example, by the
formula Y-A,-Y where A, is the second aromatic core and Y are two identical end
capping groups; and A; includes A;). Such a composition could be used, for example,
to prepare a film that includes two small molecules with active (i.e., electroactive or
electroluminescent) end capping groups. The similar aromatic cores can be used, for

25 example, to enhance the compatibility of the two small molecules.

In a variation of the seventh embodiment, either the first aromatic core or the
corresponding radical in the second compound contain a substituent that is lacking in
the other moiety. In another variation, both the first aromatic core and the
corresponding radical in the second compound have substituents that are of the same

30 type (e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluorcalkyl,
heteroalkyl, heteroaryl, and combinations thereof) but the substituents can contain a

different number of carbon atoms.



In a variation of the seventh enbodi nent, either the first aromatic core or
the corresponding radical in the second conpound contain a substituent that
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aromatic core and the correspondi ng radicab%i n the second conpound have
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aromatic core and tHe acafie&Pente Bighiadhsaimen, ¢ilter sechndaomanound oegr have
substituents that are of the sane type (e.g., alkyl, alkenyl, alkoxy, aryl,
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same type (e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyi,
heteroalkyl, heteroaryl, or combinations thereof) but the substituents can contain a
different number of carbon atoms.

20 In a ninth embodiment, the composition includes a first compound according to
Formula I, a second compound that is a small molecule, and a third compound that is an
electroactive polymer. The first compound has a first aromatic core (e.g., the first
compound can be represented, for example, by the formula Z-A-Z where A, is the first
aromatic core and Z are two identical end capping groups) and the second compound

25 contains a corresponding radical that includes the first aromatic core (e.g., the second
compound can be represented, for example, by the formula Y-A»-Y where A, is the
second aromatic core and Y are two identical end capping groups; and A, includes A,).
Such a composition could be used, for example, to prepare a film that includes a small
molecule blend with an electroactive polymer where the aromatic cores of the first and

30 second compound can enhance the compatibility of the entire composition. The small
molecules can include, for example, active end capping groups.

In a variation of the ninth embodiment, either the first aromatic core or the

corresponding radical in the second compound can contain a substituent that is lacking



el ectroactive polymer. The first conpound has a first aromatic core (e.qg.,
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In a variation of the tenth embodiment, either the first aromatic core or the
corresponding radical in the second compound can contain a substituent that is Jacking
20 in the other moiety. In another variation, both the first aromatic core and the
corresponding radical in the second compound can have substituents that are of the
same type (e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy, flucro, fluoroalkyl, perfluoroalkyi,
heteroalkyl, heteroaryl, or combinations thereof) but the substituents can contain a
different number of carbon atoms.
25 In an eleventh embodiment, the composition includes a first compound
according to Formula I and a second compound that is a polymer. The first compound
has a first aromatic core (e.g., the first compound can be represented by the formula Z-
Aj-Z where A is the first aromatic core and Z are two identical end capping groups).
The polymer is a reaction product of a monomer mixture that includes a first monomer
30 that contains a radical that includes the first aromatic core (e.g., the first monomer

contains a radical A,; and A; includes A;). Such a composition can be used, for

example, to prepare a film that includes a small molecule having groups in common



nol ecul es can include, for exanple, active end capping groups. In a
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group (e.g., the first conpound can be represented, for exanple, by a
of the first end capping group (e.g., the first monomer contains Z,; and 7, includes a
radical of Z;). Such a composition can be used, for example, to prepare a film that
includes a small molecule having groups in common with a polymer. The simular
groups in both the first and second compound can enhance the compatibility of the
20 compounds in the composition.

In a variation of the twelfth embodiment, the first end capping group or the
second end capping group can contain a substituent that is lacking in the other end
capping group. In another variation, both end capping groups can have substituents
that are of the same type (e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl,

25 perfluoroalkyl, heteroalkyl, heteroaryl, and combinations thereof) but the substituents
can contain a different number of carbon atoms.

In a thirteenth embodiment. the composition includes a first compound
according to Formula I, a second compound that is a small molecule, and a polymer.
The first compound has a first end capping group and a first aromatic core (e.g., the

30 first compound can be represented, for example, by the formula Z;-A-Z; where A is the
first aromatic core and Z; are two identical first end capping groups). The second
compound has a second end capping group that includes the first end capping group 7,

but a second aromatic core that is different than the first aromatic core (e.g., the second
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conposi tion %aarE] cobnetain a different number of carbon atoms. In a third variation, either the first
aromatic core or the corresponding radical in the polymer can contain a substituent that
is lacking in the other moiety. In a fourth variation, both the first aromatic core and the
20 corresponding radical in the polymer can have substituents that are of the same type
(e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl,
heteroalkyl, heteroaryl, or combinations thereof) but the substituents can contain a
different number of carbon atoms. In a fifth variation, either the second aromatic core
or the corresponding radical in the polymer can contain a substituent that is lacking in
25 the other moiety. In another variation, both the second aromatic core and the
corresponding radical in the polymer have substituents that are of the same type (e.g.,
alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroatkyl,
heteroaryl, or combinations thereof) but the substituents can contain a different number
of carbon atoms.
30 In a fourteenth embodiment, the composition includes a first compound
according to Formula I, a second compound that is a small molecule, and a polymer.

The first compound has a first aromatic core and a first end capping group (e.g., the

first compound can be represented, for example, by the formula Z-A;-Z where A, is the
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"nol udes t he. f ITETa M f&FGORd HgHEI POt th fthromatc core and the corresponding

- radical i the second compound can have substituents that are of the same type (e.g..
alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl,

20 heteroaryl, or combinations thereof) but the substituents can contain a different number
of carbon atoms. In a third variation, either the first end capping group or the
corresponding monovalent radical in the first monomer of the monomer mixture can
contain a substituents that are lacking in the other moiety. In a fourth variation, both
the first end capping group and the corresponding monovalent radical in the first

25 monomer can have substituents that are of the same type (e.g., atkyl, alkenyl, alkoxy,
aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroatyl, or
combinations thereof) but the substituents can contain a different number of carbon
atoms. In a fifth variation, either the second end capping group or the corresponding
monovalent radical in the second monomer of the monomer mixture can contain a

30 substituent that is lacking in the other moiety. In another variation, both the second end
capping group and the corresponding monovalent radical in the second monomer can

have substituents that are of the same type (e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy,
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al koxy, aryl, OoXY,
least one of which can conduct an electric current. Examples of organic electronic

20 devices that can be made using the compounds or compositions of this invention
include organic transistors and diodes, photovoltaic devices, organic electroluminescent
(OEL) devices such as organic light emitting diodes (OLEDs), and the like.

The organic electronic device can'be an organic electroluminescent display or

device. Asused herein, “organic electroluminescent (OEL) displays or devices” refer

25 to displays or devices that include an organic light emitting material sandwiched
between an anode and a cathode. The light emitting material can be a small molecule
(SM) emitter, a SM doped polymer, a light emitting polymer (LEP), a doped LEP, a
blended LEP, or anothér organic emissive material that can be provided alone or in
combination with any other organic or inorganic materials that are functional or non-

30 functional in the OEL display or devices. The organic electroluminescent displays or
devices have potential use in applications such as backlighting of graphics, pixelated

displays, and large emissive graphics.
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mat eri al s that rafeerefl tnad tho pebmbinatiomzone. These excitons, or excited state species, can
emit energy in the form of light as they decay back to a ground state.
- - The organic emissive element typically includes a light emitting layer. The
light emitting layer includes a light emitting material such as a light emitting polymer
20 or a light emitting small molecule. The light emitting layer optionally includes other
materials, such as, for example, hole transport material, electron transport material,
binder, polymeric binder, wave guiding particles, phosphorescent compounds, and
color conversion materials. In some embodiments, the light emitting layer includes a
compound according to Formula 1. For example, the light emitting layer can include a
25 compound according to Formula I as well as a second compound that is a light emitting
material, a charge transporting material, a charge blocking material, a color conversion
material, a polymeric binder, or a combination thereof.
Other layers can also be present in organic emissive element such as hole
transpott layers, electron transport layers, hole injection layer, electron injection layers,
30 hole blocking layers, electron blocking layers, buffer layers, and the like. In addition,
photoluminescent materials can be present in the light emitting layer or other layers in

OEL devices, for example, to convert the color of light emitted by the

electroluminescent material to another color. These and other such layers and materials
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Halls, D. R. Baigent, F. Cacialli, N. C. Greenham, R. H. Friend, S. C. Moratti, and A.

B. Holmes, "Light-emitting and Photoconductive Diodes Fabricated with Conjugated
20 Polymers,"” Thin Solid Films, 276, 13-20 {1996)); a vapor deposited small molecule

heterostructure (see U. S. Pat. No. 5,061,569, incorporated by reference, and C. H.
Chen, J. Shi, and C. W. Tang, "Recent Developments in Molecular Organic
Electroluminescent Materials,” Macromolecular Symposta, 125, 1-48 (1997)); or

various combinations of these elements.

25 Other examples of OLEDs include light emitting electrochemical cells (see Q.
Pei, Y. Yang, G. Yu, C. Zang, and A. J. Heeger, "Polymer Light-Emitting
Electrochemical Cells: In Situ Formation of Light-Emitting p-n Junction," Journal of
the American Chemical Society, 118, 3922-3929 (1996)) and vertically stacked organic

light-emitting diodes capable of emitting light of multiple wavelengths (see U. S. Pat.

30 No. 5,707,745, incorporated by reference, and Z. Shen, P. E. Burrows, V. Bulovic, S.
R. Forrest, and M. E. Thompson, "Three-Color, Tunable, Organic Light-Emitting
Devices," Science, 276, 2009-2011 (1997)).




material, a charge transporting material, a charge blocking material, a
color conversion material, a polyneric binder, or a conbination thereof.
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20 As an example of a device structure, Figure 1 illustrates an OEL display or
device 100 that includes a device layer 110 and a substrate 120. Any other suitable
display component can also be included with display 100. Optionally, additional
optical elements or other devices suitable for use with electronic displays, devices, or
lamps can be provided between display 100 and viewer position 140 as indicated by

25 optional element 130.

In some embodiments like the one shown, device layer 110 includes one or
more OEL devices that emit light through the substrate toward a viewer position 140.
The viewer position 140 is used generically to indicate an intended destination for the
emitted light whether it be an actual human observer, a screen, an optical component,

30 an electronic device, or the like. In other embodiments (not shown), device layer 110 is
positioned between substrate 120 and the viewer position 140. The device

configuration shown in Figure 1 (termed “bottom emitting”) may be used when

substrate 120 is transmissive to light emitted by device layer 110 and when a



heterostructure (see U. S. Pat. No. 5,061,569, incorporated by reference,
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(e and sersit ufendef ThoFaneRe FRLRNERE T ol B st ilfefol-aRlge
barri engpr oper t0 @fhiedehivida phvedRy of clbkidy Hya0t®addimns tharcaggent er el ectrode)
film Flexible rolls of gl ass may al so be used. Such a material may be

| ami nat ed t o eonigsenoymseud s eetwied dior ssample. rslatiyely sl andwciagelyispacetdgedhe
y 2 . . . . b
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optically tra%g%naren ranspa I on abl e

anode mat eri adévicellagdr Ud@ apprdtstideant WBite fightaricAehd énitexd de aftvefdd. Gthac oxi de,
vanadi um oxi de, zinc-tin_ oxide, gold, platinum palladiumsilver, other
hi gh wor k f un®tangpmeis erdacidimnt eppsaHens Bnalse petedplatadn practice, the anode
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function of the @nedede a plurality of independently addressable OEL devices or elements that
emit the same or different colors. Each device might represent a separate pixel or a
separate sub-pixel of a pixilated display (e.g., high resolution display), a separate
segment or sub-segment of a segmented display (¢.g., low information content display),
20 or a separate icon, portion of an icon, or lamp for an icon (e.g., indicator applications).
Referring back to.Figure 1, device layer 110 is disposed on substrate 120.
Substrate 120 can be any substrate suitable for OEL device and display applications.
For example, substrate 120 can include glass, clear plastic, or other suitable material(s)
that are substantially transparent to visible light. Substrate 120 can also be opaque to
25 visible light, for example stainless steel, crystalline silicon, poly-silicon, or the like.
Because some materials in OEL devices can be particularly susceptible to damage due
{0 exposure to oXygen or water, substrate 120 preferably provides an adequate
environmental barrier, or is supplied with one or more layers, coatings, or laminates
that provide an adequate environmental barrier.
30 Substrate 120 can also include any number of devices or components suitable in
OEL devices and displays such as transistor arrays and other electronic devices; color

filters, polarizers, wave plates, diffusers, and other optical devices; insulators, barrier

ribs, black matrix, mask work and other such components; and the like. Generally, one



Typi cal cat hodes include | ow work function netals such as al um num barium
cal cium samarium magnesium silver, magnesiunisilver alloys, lithium

i thium 1 W@r3oae)96948t er bi um and al |l oys of cal ci um and negmas2ens03297 As an
exanpl e of a device structure, Figure 1 illU8trates an CEL display or
device 100 that includes a device |ayer 110 and a substrate 120. Any ot her
sui tabl e di spl@yneerpenedds willibeadoged pd:posicidygacrinéd, br dihspliay dikPéked on
Optionally, additional . optical elenments _ar other devices suitable for use

wi th el ectroni cSHFERP dgA0IaERPEBYS it remaiipg layghoblay pr 0% eddEbeevieerr di spl ay
100 and vi ever pOSict hPihe bdPicBTayeP diE AyREn BY:ehEPaRRTiéPRAHELATRHE 151300 add

. ?agje ][1 F[kag
sone enbodi ments |1 ke the one shown, device“l'ayer 110 includes one or" nore
CEL devi ces t hathe €8l ddvighir deticougia bbhemsubsgingathe elsowaddoaelvitawies thposaiet | on

140. The_viewer. position 140 is used generically to indicate i nt ended

desti nati on for‘51§lﬁ3§eé [%‘T’H"F?%élelsfl ’Eatfi/\ﬂz@?aﬁ’grt{“? Fmf5 ﬁﬁm&%rt‘ag@ alf?l.ﬁ‘f%%m@ Server, a
, e '© o o _ . I

screen, an op '%Etﬁ%@mﬂgﬁf‘%}g@}rﬁ%&? ﬁ@ht‘?ﬂﬁ"%%ﬁrﬁ eGrASYreR cogﬁ%&ﬂ'@ elelcttBdes!shciphher

enbodi ments (not s ayer 1 posi tione et ween substrate
120 and the vi eindunpos pkide (ITDY@r adhef devinbe ofetindritgusstdénd coshwime bxidéd. gure 1

(termed "bottomemttjng" e used when suhstrat 20 is transm ssive
to light enitted by %1'@91%82913{%@%%%6%@%%@ Iv@%%&)lm%nta&e for use
PCT/ US2003/ 032%Zth 0E18<?]i%ﬁlgﬂ1§1°&fﬁ&t1(@3%?8%@1?%:&1%@%&@9 chry bghi@ dhfg the

device between the lig tting vice and the substrate.
The i nvented cowhéigdavate 160 if & backight t@mpe orenoretpobagiZersmayotlize cleseitsdae e

substrate 120 does. or does not ansmt th ight emtte y.the device
| ayer and the ePTQE’ldFBB%tW&F% %@%%&ﬂ?qtﬁ%{@%&m _Vé!:eaﬁ)&’ f%énslt?nﬁﬁfmS
emtting layer gfsofth aerﬁﬂgcﬁivg%fé%nlé‘lgtpoiarrﬁ% M ferhgvdly, SHenitvicE 8 B0 BYitdkton

devi ce. Device layer 110 can inclu one or nore CEL devices arranged in any
sui tabl e mannemforEatioedapial eglemnent! I2tgam prhideant on saofe ohpolatieek Wayh pkitdsor

S e et RO SR 1

const tute & pi RSl A SRt e B QoA LR phAE] cotfbys el hitiace

cont enpor aneoustigvicesidribt Bk:. For exanple, relatively small and cl osely

spaced red, Figures 4A to 4D illustrate examples of different OEL device (for example, an

organic light emitting diode) configurations of the present invention. Each

configuration includes a substrate 250, an anode 252, a cathode 254, and a light

20 emitting layer 256. The light emitting layer 256 can include a compound of Formula 1
or a composition containing a compound of Formula I in combination with a second
compound that is a charge transporting material, a charge blocking material, a light
emitting material, a color _convcrsion material, a polymeric binder, or a combination
thereof. The configurations of Figures 4C and 4D also include a hole transport layer

25 258 and the configurations of Figures 4B and 4D include an electron transport layer
260. These layers conduct holes from the anode or electrons from the cathode,
respectively. The compounds and compositions of the present invention can be
included in one or both of these layers. In some embodiments, the OEL devices of
Figures 4B-4D include a compound or composition of the invention in one or both of

30 the light emitting layer 256 and the electron transport layer 260.

The anode 252 and cathode 254 are typically formed using conducting materials

such as metals, alloys, metallic compounds, metal oxides, conductive ceramics,

conductive dispersions, and conductive polymers, including, for example, gold,



green, and blue light emtters can be patterned between conmon el ectrodes so
that device layer 110 appears to emt white |light when the emtters are

act i vat ed WORHE09694% r angenment s for backl i ght appli cati onBCRUS2083/®047
contenplated. 15 In direct view or other -80splay applications, it may be
desirable for device layer 110 to include a plurality of independently

addressabl e Q@Y peR&IIGH, AhAFRM, Talchah, titeTuk, HRAISRARHQ, ithibh eh&kidecol ors.
Each devi ce m ght representiga(]]?s'g(sarate i xel or a separate sub-pixel of a
)

pi xi | at ed di pI@y flperige tin px blapd peYyanilisp! 3§ anadedSgandthe cagwgadht or
sub-segnent of se nt e L.spl e. ...l ow 1 nf or i an tent display),
20 or a separcg{l ge is%%%ﬁa%eég?géor? Hgﬁ}/n%m?[grdﬁl,s 05%%’5%]831 %de%mﬁgféﬁy é%‘??r

i ndi cat or appxhfple, @Msode oRafcahbild) thah) a€dtudetn laFbdifraunlinueeindGlaya e olil 1S
di sposed on substrate 120. Substrate 120 can be any substrate suitable for
CEL deVi ce aréyadiof prlanimaang) 4 lasriod gininggy a Bygnpl 2Umams trde byarxg ldhinn ncl ude
gl ass, clear plastic, 0 r itable material(s) that are substantially
t ranspar ent tfguo\?\lﬁg’i%laem%t?@%?&agééscgﬁg%cgl‘rifﬁgaggﬁhg%so be opaque to 25 visible
light, for exanpl eTtettRldksporslHet 258 fBiat] theenjsttldnastmoldd@or Bielan6@n, or
the Iike. Because sone materials in CEL devices can be particularly
suscepti bl e tiBtodheragpacernd theip megrpben foavards g yerembsratipgzene. Eligditle warspert0

preferably provi. an equate_.envi Lo ntal barrier r,1S.S Lied with
one or nore I%X/eé?g,g C%Ib%ﬁ%ﬁrg%c?a%? DTLier ﬁ%ﬁggpasﬁ‘\gftoqfﬁg%\% e{%’atﬂé %nd)ec%’t%gt“e%

envi r opgrent al sofRrdxi@ples e BB siangcet 1494 268RaR Ik MdeNr we@mpleya Mgy of

devi ces or conponents suitable in devi ces and dis?Iays such as

transi stor ardesiystivensnchtas &t NebisGrmehiyiphgayi)-tby -bismberybepridimedalsp brewn zer s,
wave pl ates, di S . &n I (" ' -l . Darrier
b, bl ack. RrHA N SRRy R P AR BRI B B 8 Bt
CGeneral |y, onkriW2iv00hbhQ9604 8" AGTYNILATGIeRB2R4n0) triphBndimite (ED@Teotorodes wi | |
be coated, deposited, patterned, or otherw se di sposed on__substrate 120

bef ore form rfgt the rsENgrmethylphegdrNphemdymingtgphenytanape (HEPAID o Othelevi ces
of the,gdevicel r : gl h 1SS 0O is used and
t he C]Etgidevi ce ag%ﬁag\}/?ngteeg%ﬁga%g{l 'ltb g% teht%ht%{éf tgagnﬁﬁé%hgdygf@%@gggp%e? el ectrodes
that are 5 dighpiesagahiet AT e, STHsUrdEpieendBihianshehhibetiness (VDAPBsE@hal (S)
are preferably substantially transparent to |ight, for exanple transparent
conducti ve eldbsrcgmpaundsspchyas those described in H. Fujikawa, et al., Synthetic Metals, 91,

161 (1997) and J.V. Grazulevicius, P. Strohriegl, “Charge-Transporting Polymers and
Molecular Glasses”, Handbook of Advanced Electronic and Photonic Materials and
20 Devices, H.S. Nalwa (ed.), 10, 233-274 (2001).

The electron transport layer 260 facilitates the injection of electrons and their
migration towards the recombination zone. The electron transport layer 260 can further
act as a barrier for the passage of holes to the cathode 254, if desired. In some
examples, the electron transport layer 260 can be formed using the organometatlic

25 compound tris(8-hydroxyquinolato) aluminum (Alg3). Other examples of electron
transport materials useful in electron transport layer 260 include 1,3-bis{5-(4-(1,1-
dimethylethyl)phenyl)-1,3,4-oxadiazol-2-yl]benzene, 2-(biphenyl-4-yl}-5-(4-(1,1-
dimethylethyl)phenyl)-1,3,4-oxadiazole (tBuPBD) and other compounds described in
C H. Chen et al., Macromol. Symp., 125, 1 (1997) and J.V. Grazulevicius et al.,

30 “Charge-Transporting Polymers and Molecular Glasses”, Handbook of Advanced
Electronic and Photonic Materials and Devices, H.S. Nalwa (ed.), 10, 233 (2001).

The present invention contemplates light emitting OEL displays and devices

that include a compound according to Formnla I or a compeosition that includes a



indiumtin oxide (ITO or any of a nunber of other transparent conductive
oxi des. Elenent 130 can be any el enent or conbination of elenents suitable
for use wwb20E0%48pl ay or device 100. For exanpl e, el eremusi®@@omam be a
LCD nodul e 10 when device 100 is a backlighBi- One or nore polarizers or
ot her el ements can be provided between the LCD nodul e and the backli ght
devi ce 100, forconipphndaodding APBGMADinAdditRh 18 &kskdtddBogPButtPihatlsalcha e
Alternatively, when device 100 is itself an information display, elenent
130 can i ncl uderapotgng matasiabfa harzghlocking mylgyal, plighlemittingogatarigan epler
antiref| ective Galinasy, a0l s SIVAER: 68aL) BOS oREAEES! hoRo® CheaNS it dimen.
bri ght ness enhancenen I'Tns,” or-other opfical conponents, coa‘%lngs, user
interface devi®EEdiglaykhen bé kade Fagemne $ightturdahADave hiatendtievieosareleagenas
different CEL device (for exanple, an organic light emtting di odeiIe
confi gur at i ons-thgffcapgaipligy daring AifErent 6AloT EetexaBw. Figinad sbers #tPlbes a

356 The I ont DR REnACHcBuREbIRNSy coti Mindhe SN AT i) Plles BEL
conposi ti on contigiddedign @ sCRRRBL0. dfwd e mbieadjacént oIt B0 @A bairhdleao gggond

conpound that is a charge transporting material, a charge bl Oquiaf;g mat eri al ,
a light emttidiffeient eplpriof light firerampleved. Sresm. agt BupaPne ar pers/peisraens nder |
or a conbi nati . f conf | -at | j - 4C and 4D al so

i ncl ude a hol e r%ﬁ@%ggg C?Iélg&elrﬁldzog%g%géﬁéﬁ ?ﬂ@e%ger? fﬂ%ﬁj‘;’%‘ﬁ‘)ﬁhs of Figures 4B

and 4D i pgl ude an el Bitd sephratibiasispar betivastedlematid 3 1T hreoeillayaie pmomdecénlpol es
fromthe anode or electrons fromthe cathode, respectively. The conpounds
and conposi t i onddigeent devigpsaBenbe sopteind: Brroatast waerlanping; e o #iBa@tor bot h of

these | ayers. |5 SapE GIRPHPAL Sore i, S ARNLL S 0 lorl QD GSYABRGD | nc ude

a conpound or conposition e rnvention in ohe or e |ight
emtting |ayer afpid pahernelf patatlorstiipainsmpopdrentayaduditd anddee canbelirdia oand

cathode 254 are typically forped using conducting materials . such as netal s,
al | oys, netall i@eéw?ﬁ%{ﬁ%l:}?“%?w S%BPF%E%@“’&chwelbelteit’@és%’?@ﬁ‘ie%l, and A5aRRc i ve
di spersi gas, a ! I yhees, . 4 1 £ gR

2004/ 096938 PC?‘%PJ%%%#&%‘%%?Q&’ Pg%hb éltq]ﬁéu t%a ﬁt‘fé'gil‘ﬁ( ﬁ%ﬁ’%"%ﬁ%‘%ﬁ{g um

titani um titanittipedpdtierdef cathedies)mhet damhoolk isagpes oriented perpendicular to the anode

stripes. Such a construction may be suitable for forming passive matrix displays. In
other embodiments, transparent conductive anode pads can be provided in a two-
dimensional pattern on the substrate and associated with addressing electronics such as

20 one or more transistors, capacitors, etc., such as are suitable for making active matrix
displays. Other layers, including the light emitting layer(s) can then be coated or
deposited as a single layer or can be patterned (e.g., parallel stripes, two-dimensional
pattern commensurate with the anodes, etc.) over the anodes or electronic devices.

Any other suitable construction is also contemplated by the present invention.

25 In one embodiment, display 300 can be a multiple color display. In exemplary
embodiments, each of the elements 310 emits light. There are many displays and
devices constructions covered by the general construction illustrated in Figure 3. Some
of those constructions are discussed as follows.

Constructions of OEL backlights can include bare or circuitized substrates,

30 anodes, cathodes, hole transport layers, electron transport layers, hole injection layers,
electron injection layers, emissive layers, color changing layers, and other layers and
materials suitable in OEL devices. Constructions can also include polarizers, diffusers,

light guides, lenses, light control films, brightness enhancement films, and the like.



(1 TO, fluorine tin oxide (FTO, and polyaniline. The anode 252 and the
cat hode 254 can be single layers of conducting materials or they can

i ncl ude mwoiizpHésEyers. For exanple, an anode or a cathoresmayosingl ude a
| ayer of alum numand a |ayer of gold, a ®2layer of calciumand a | ayer of
alum num a layer of alumnumand a |layer of lithium fluoride, or a netal

| ayer and a capglitioNinelhdeRitse |o€!ﬁﬁ?le chblte 1410t Ereh kMRENAKEL 1hidPE forkB8mple ,
facilitates the injection of holes fromthe anode into the device and their

m gration t owdPer§ apEiyseveonticnaltis providsddy tmahgapttraapisp daminaliey sansfgg can

further act a - [ for _the age_of.-e| ect t he 252. In
10 sone exanp 3%?9%%dﬁ% r{ana{ P}érﬁr}én&grgfﬁF%%%’Shﬁlg%&cstg@%'E%lf)ﬁl&reé,]c q,rge?ﬁggl 8rrp| e, a
di am ne deri sla¢tiose paUghpagat have a large number of closely spaced emissive layers

N, N - bi s(3- et hyl phenyl )-N, N - bi s(phenyl ) benzi dine (al so known as TPD) or
N, N - bi §(1 - napHtemad)yNaser inslusgdtheryal ysaen and emaRipgplorsrulgpleclesirpialingee
derivative, 'SI'&%Q a,%}f 4, 4", 4"-Tris(N, N-di phenyl am no)tri phenyl am ne ( TDATA)
or 4,4 ,4"- rl'st 5 et hyl phenyl - N- phenyl am no) t ri phenyl am ne (nMTDATA) .

Q her 15 exanpl es gbndimitesisdfIow hebhgidn GFEL HRplhbecdhohelulié Bas P tircliayar

i ncl ude copper phthal ocyani ne (CuPC);

1, 3, 5- Tri s( 4- eHhshetaslanpdasopeasips. olertzandpert (aypaPEsgtrongtinspert lyersebipounds

such as those. descrihed in H  Fujj.ka e . t i t al 9 161
(1667 "and. 3. WEEPRIRRE, PReltn RSP P lofive 17 B0 GublBh2 e had e
and Mibecul asthéd ag&eand mkandRaakalé irdRReedeICRRLINYNOAs astatihdtRiEE C
Materials and 20 Devices, H S Nalwa (ed.), 10, 233-274 (2001). The

el ectron tranBpaviters ajidiscmebatitamideslansss lighbconsjod flmpbrightnsseethpieseahd
their mgratg nsr” %ﬁ%’f}{eq&et I}xjygfigﬁ%g?ﬁrﬁﬁ}deq:?ap:ﬁ?xﬁ@d%gb? lﬁﬁe&g(%yggo?(gnrsflnsport

| ayer 260 can TU act arrier for ssag es’to the

cat hode 254, idenfd@sidragthanhifeSOdRplagX@) @pliarich eingd @dichois)] sidbpofidchr@ger 260
can be forned usjing the organonetal lic_ 25 conpound tri s(8-_hydroxya§i nol at o)
al uni num ( Al qB3SSIVEOR ativeBFHK disphps:emedimepchiomeRiseve OhedlveimatdX dispkys i n

el ectr tran [ VEk- i ncl < Ly b= : .
di et hyPet hy| ?@Eé%a;?}"ﬁ%-‘%,ﬁ‘&g@?%@ a0 a’@‘yﬂ%&%‘%‘éﬁ%‘gl” (€., cell phone displays):
2- ( bi phenyl - 4layde) arba fidel(display wiesred hyd plutafity phvaoyulps, br 8led; exhtdeanghe (t BuPBD)
and ot her conpounds described in C H Chen et al., WNacronol._ S\éqrrp. , 125, 1
(1997) and J. Wlateekmad\augmtss ofpixgh), sudpsraghgautibledeporteondimbvyiteds and
Mol ecul ar G a SN Lafdlyanced El ectronic and Photonic Materials
and Devices, H & ‘W@pﬁfﬂ 31@, %233 (2001).
Constructions of high resolution OEL displays can include bare or circuitized
20 substrates, anodes, cathodes, hole transport layers, electron transport layers, hole
injection layers, electron injection layers, emissive layers, color changing layers, and
other layers and materials suitable in OEL devices. Constructions can also include
polarizers, diffusers, light guides, lenses, light control films, brightness enhancement
films, and the like. Applicaticns include active or passive maitrix muiticolor or full
25 color displays; active or passive matrix multicolor or full color displays plus segmented
or graphic indicator lamps (e.g., laser induced transfer of high resolution devices plus
thermal hot stamp of icons on the same substrate); and security display applications.
One particularly useful embodiment for this type of thermally patterned construction
includes the high resolution transfer of red, green and blue emitting emissive layers

30 onto a common substrate. High resolution transfer means that the rms (root mean

square) edge roughness of the transferred material is 5 micrometers or less.



The present invention contenplates light emtting OEL di splays and devi ces
that include a conpound according to Formula | or a conposition that

i ncl udes a WO 2300466496948 PCT/ US2003/ 032047 -81 conpound pagG@bedbasroi0
Formula | in addition to a second conmpound -8Rat is a charge transporting
material, a charge blocking material, a light emtting material, a color
conversi on mat evibihods PorAH®IInG PENASyerL! @ conbination thereof. In one
enbodi ment, CEL displays can be made that emt |ight and that have adjacent
devi ces or el enent s /Bdthpiaspeghokihe invepgon pileaiden g vaithddeios prepethopreafrior
exanpl e, Figure,3, shows an L. di.splay.300 that includes.a plurality of OEL
el emrents 310 acﬁlegggﬂl?m {I%SC%%C V%:F%eflpeacﬂ%qce&il%c osel ‘OaTa” %ﬁ?ﬁéive%éfr%‘%ﬁ%ga%m or
nore adj acent eh@i@Rtaodidusdbf PeiBI ot Pc@ipdsitic thhEihenlescd@ifoudlt of i ght ,
for exanple red, green, and blue. One or nore of elenments 310 include a
compound dr corposikildn addition o pressahcompmpdithdns a lghtraitsrgyaptgtitloa cBiremn

bet ween el ementts 31(1)_&];15 f . 1 IalC st r§ i}’cﬁ pIHrtEr? egcorcl)lrg. . Agd' ar%gtré;. devi ces
may be separat et HR SRR 5VaeEr E% & BEET 467 CarYrerd cd?‘f‘bf‘nati ons
of these in norRlymat AGr dbd Lcdni9RatRA thét€odi spl ay substrate. For exanpl e,
a pattern of parallel striped transparent conductive anodes can be formed on
the substrate fol | odedeniyngpelialipes ltgadesetahlede patteraloac OF mesplayers ehaepigahicand

ayer s ol Towstreny i aer ol Shebarifo0 Sl Rttt e AL, e

ori ent edjper pengt gatteating thchilie salROEMR: traisfor FOPexaBlb |BcCBASidl tGhifen may be
suitable for formng passive matrix displays. In other enbodinents,

transpar ent coriheilithegranhinieatisaning. delgetminsmgyicereg trtiagsand-thellikensi onal
pattern on the substfate and.associated wt [ esSSi I ronjics _such as
20 one or nore tr ans(iﬁrget aoSP%C? Oé glﬁé)crlgsteg%r 1§1,ve1‘é40(1:1 %rg\gg% l%gishggsr gorglﬁqﬁ‘fnéoﬁneor%l}}c
meki ng active reddidotic ddvieR] Aydorak bigdet 1say@ased thachadditi@stehRiyki. JHe tefkdet | Ng

| ayer (s) can then be coated or deposited as a single |ayer or can be

patterned (e.g.laygsdndndesa compoped accoynIionEABIEN0! 3 GRERRASHION COREMRIR at e

wi th the,anodes t ! e anode r. el nj - 1A her
sui t abl elgonst rclﬁ)(r:rﬁ)logfrl1a ?%%gc[lg%%c%fr. gﬁri%f%%%ead% 6§&{ {10311 Oﬁlélgz%%ﬁsle%l\}gﬁteﬂﬁ%ﬁ%% I n
one enbodi ment , mgksil ayha38OusapondgandRidl] Ptiergoblockitdi siatedil, alddlo xemprany
enbodi nents, each of the elements 310 emts light. There are many djsplays
and material, a polymeric binder, or a combination thereof. The method of preparing an

ot

- organic electronic device inchides preparing a donor sheet having a transfer layer and
transferring the transfer layer from the donor layer to a receptor sheet.

20 A particularly useful method of forming organic electronic devices of the
present invention, for example, organic electroluminescent devices, includes
transferring one or more transfer layers by laser thermal patterning. This method is
described in, for example, U.S. Pat. Nos. 6,358,664; 6,284,425; 6,242,152; 6,228,555
6,228,543; 6,221,553; 6,221,543; 6,214,520; 6,194,119; 6,114,088; 5,998,085;

25 5,725,989; 5,710,097; 5,695,907; and 5,693,446, and in co-assigned U.S. Patent
Application Serial Nos. 09/853,062; 09/844,695; 09/844,100; 09/662,980; 09/451,984;
09/931,598; and 10/004,706. The effectiveness of the patterning process can depend
upon the physical propeities of the transfer layer.

One parameter is the cohesive, or film strength, of the transfer layer. During

30 imaging, the transfer layer preferably breaks cleanly along the line dividing imaged and
unimaged regions to form the edge of a pattern. Highly conjugated polymers that exist
in extended chain conformations, such as polyphenylenevinylenes, can have high

tensile strengths and elastic moduli comparable to that of polyaramide fibers. In



devi ces constructions covered by the general construction illustrated in
Figure 3. Sone of those constructions are discussed as foll ows. -
Const r uct ivengeoafod®&t. backl i ghts can include bare or cir cpifig@ekauRst rates,
30 anodes, cathodes, hole transport |ayerg4-electron transport |ayers, hole
injection layers, electron injection |ayers, em ssive |ayers, color

changi ng | ay &g 5oic8NeAlISE fd:AEB0S dRA: tiTBARE (HRhfalSab AR08 1ibhr Shtujflevi ces.
Constructions can also include polarizers, diffusers, i gﬁt gui des, |enses,
| i ght cont r olpofyrhars carbbe ¢lallnemsg eitirandesmedtcofselqnence af ool gk ifrenatividis

2004/ 096948 PCT/ US2003/ 032047, - 82 lications inglude white or single
col or large dPash éqrﬂg‘fréa%ﬁegeng?sa g‘é‘g‘g{}?fg%%da%}egl' &ﬂ%tg‘gr %%W‘é@!@%. mat eri al
is provided hyrehhiBlofBle tohdiHmiddatedh & thé AR AN LRA ahd BRSE&pior sufBéStTNE head
thermal printing, or the like; white or single color largé area single

el ect role paistrehghpeayttisanflaenged by thrspbbilipriperanster cpopetifilinpelchel tremifersi ve

| ayers 5 patternedc.lﬁ_%/T Ias§r igiduced thermal transfer; and tunabl e col or

mul tiple el edfYodRd fIrgePS8H4C ns  Constructions of |ow resol ution OEL

di spl ays can incl yggohahRtes it UbditaBRAo sSIBRThE AbRFial ARLREbs1aRl hpdes. hole
transport |ayers, electron transport |ayers, hole injection |ayers,

el ectron i nj enditnmhtsielte bedransisiteé (4. ayecanpawidor cemansjiionof Gy gresentand 10

ot her | ayers .and . teri]?tlr Sui ablbl.e in L devi ces,. 1C(%n:structi ons can al so
i ncl ude ~ pol dFYFEPR) SU§ aﬁé‘éer%o,“ Uity pRramfiess are qogpaliRle th Irmpove SReYERIMYse| g,
bri ght ngss enkansrMBdinal fridstE or ditfr bitrhink actifRR! AGahLIRBS Pl HeWESSHIARH C

i ndicator |anps (e.g., icons); segmented al phanuneric displays éﬂgm% vz

appl i ance ti rhe seledied avdr hat the Wiffdreneonn Sisrosmubiitypararectorns inge npee i7X

di spl ays; smallsyspnochr.one passive or.agfive:nmatrix.displays 15 bl us.graphic
i ndi cator |anfp} a@%gg?e{er_rﬁy’arho f_nﬁfeeta?%lo’ _Zd cd?sp?saéftwﬁéfﬁggﬁéfn%ﬁﬁm

di splays); |#reemnidrearRin@mdittdd wiyh ChéBRal Smebmre AT RN ankival BhtimBged es, or
tiles, each having a relatively smalT nunber of pixels), such as may be

fsqrh AdditivedGroun fpntrdntions. yhivd edation; cgisgsd hicRiWolan

ciroul fzed 58 dEbati TS kE Rua et 8 Q80T HETR PRI e

el ectron transpor tTHeayRibgity [k@@}ametérrdf_acﬁidt@md G SeSleteRin@RH TR Nth &G Orts
| ayers, em ssive |layers, color changing |ayers, and o
of the extent of equilibrium swelling of the material in a range of solvents of differing -

solubility parameters. The solubility parameters of the solvents themselves can be
determined from their heats of evaporation. The solubility parameter 6 is related to the
20 cohesive energy Econ and the specific volume V by the relationship 6 = (Econ/V Y2 For
solvents of low molecular weight, the cohestve energy is closely related to the molar
’heat of evaporation AHy,, according t0 Econ. = AHy,p — pAV = AH,,;, — RT. Thus, Ecop
and 3 can be calculated from the heat of evaporation of the solvent or from the course
of the vapor pressure as a function of temperature.
25 Because some materials such as polymers cannot be evaporated, indirect
methods have to be used for determination of their solubility parameter. To determine
the solubility parameter of the polymer, the equilibrium swelling of the polymer in a
variety of solvents of differing ¢ is measured and a plot of equilibrium swelling of the
polymer vs. the solubility parameter of the solvents is generated. The solubility
30 parameter of the polymer is defined as the point on this plot where maximum swelling
is obtained. Swelling will be less for solvents having solubility parameters that are less

than or greater than that of the polymer. There are several methods for theoretically



other layers and materials suitable in OEL devices. Constructions can al so
i nclude polarizers, diffusers, light guides, |enses, light control filns,
bri ght ness wohmooexest filnms, and the |ike. Applications pichgldgigmasth ve or
passive matrix multicolor or full 25 col or.gh.spl ays; active or passive
matrix nmulticolor or full color displays plus segnented or graphic

i ndi cator | anpsifrhothd &3&¥iLd Hﬂﬁ&ﬁéﬂ A 0 G SRRl O BEMbGES
pl us thermal hsot st anp %?&fl(]:g S on eE}]Ih(gef g@cn%ﬁ%ﬂ{)aétratee; an scg{él%rityl%eosf
di spl ay appl i chinctoosal grddpe ppaettiic tHegroll ynerss foutlinedivothe mbotve-£ived tefidrendey pe  of
thermal |y patterned _construction, includes.the %I?f{] resol utian trgnsfer of

red, green and bl ueCFATES FIRGTOBI dayiSrs CPHPRINE BePIIRRUGI T EOMRBHISRBSHF at e.

Hi gh resol uti oprkdRRSScRlioMBANS: hbdL athigt Ar(¥yolecPiherAURIRIcr SR
roughness of the transferred material is m cronmeters or |less. WO

2004/ 096948 PCI#uSa003/r@8@p4dtion B8mivethhorr tfapsfefddnor shdet hye GRirel ageepor
Anot her aspect qof the_Jnvention.provid a nethod for prepari or gani c

el ectrol um nes&%‘?fratﬁe i E%’?@%@@@Fé&@%ﬂ& eé?ﬁdS&’é'&HF@nge?rﬂg}éti q;lg?tmg
structure that jaybGl H8680r3h&R TRPHRE sObctRRIYMARIdrriRE 1R 16:DMPRStihs Myct Mdhe or |

includes a conpound of 5 Fornula I in addition to a second conpound that is
a |ight emttingngmtithraithérdeaice kyeger matarmprthé dgplmieceptbs) sabdte. ge

Conbi hati on t her eof IR Caiie 3 SppPtcal Brsral i ieh Gty st 200 55 BF v one
or nore jpayer suQfindfe He8@R ifven®diL ObS R efentiBY DOPIRMIs AbadRebide210,An

exanple, to fabricate em ssive displays. Methods 10 for patterning include
sel ective transpéonal fiderayeniiRean gimmat light iedheatcanwfrgion lgykoio] HEHayer el c

patterning, inkjet .printi een printin d the like. One aspect. of

The. presont | ndBAPEGIR BYEURHED it ha den e Rl R goantupg A nowroandaPiting

device. A donog, Bhiaflla I 8r PERRHRnithAtindladesa dohidahA®hccoPIRE to Fhrendls apsfer

| ayer includes a conpound accordlngtto Formula I or a conposition containing
I

a 15 conpound additerimysacondermpaiuad tha iga ehasgeirnspebing suaierial haeharge blorkigt

emttin material,.a.,harge.transporting nateri.al char bl ocki
mat er: algl,5 a co | er%rﬁ}éé@ F%ﬁtm%ﬁ]tag??’iaglal,w rﬁgﬂ/@ﬁ%f’? Ela%irﬁgéirp,%?%rperéc tléllgﬁ%i’ fation
thereof. The mebhiBEhalbn ReRRA O 8smpAinda HotnRkiBiGhy, 0P 1ae A% G0l RGIreKdas

preparing a donor sheet having a transfer |ayer and _
' Examples of suitable donors or layers of donors are disclosed in U.S. Pat. Nos.

" 6,358,664; 6,284,425; 6,242,152; 6,228,555; 6,228,543; 6,221,553; 6,221,543;
6,214,520; 6,194,119; 6,114,088; 5,998,085; 5,725,989; 5,710,097; 5,695,907; and
20 5,693,446, and in co-assigned U.S. Patent Application Serial Nos. 09/853,062;
09/844,695; 09/844,100; 09/662,980; 09/451,984; 09/931,598; and 10/004,706.
Emissive organic materials, including LEPs or molecularly doped polymer films
that include the compounds or compositions of this invention, can be transferred or
selectively transferred in the transfer layer from a donor sheet to a receptor substrate by
25 placing the transfer layer of the donor element adjacent to the receptor and selectively
heating the donor element. Methods for the transfer or the selective transfer are
described in, for example, U.S. Pat. No. 6,242,152, Transfer layers can also be
transferred from donor sheets without selectively transferring the transfer layer. For
example, a transfer layer can be formed on a donor substrate that, in essence, acts as a
30 temporary liner that can be released after the transfer layer is contacted to a receptor
substrate, typically with the application of heat or pressure. Such a method, referred to
as lamination transfer, can be used to transfer the entire transfer layer, or a large portion

thereof, to the receptor.



transferring the transfer layer fromthe donor layer to a receptor sheet. 20
A particularly useful nmethod of form ng organic el ectronic devices of the
present irwenei+om94$ or exanpl e, organi c el ectrol um nesceptr/derbsesSes7i ncl udes
transferring one or nore transfer |ayers 48¢-1aser thernmal patterning. This
method is described in, for exanple, U S. Pat. Nos. 6, 358,664; 6,284, 425;

6,242, 152; 6, 228, Qﬂ&cnaﬁ,fmsegﬂé{e Gord? dheetdiantbedrihsefd aBjaddh csfler
6,194, 119; 6,114, 088; 5,998, 0 725,989; 5,710,097; 5,695, 907; and

5. 693, 446, aridateraleen asgqegtmsdo t@r@ admp@trﬁevmpmqnmsméﬁdjseemt Apviness or

09/ 853, 062; 09/.844, 6 09/ 980;, 09/ 45 /931, 598; and
10/ 004, 706. ﬁ%é“ 8?%%%??1\1/%{%/&@ %’?e %Wé ésg F rn]iVﬁIé’ Blraéeélggs‘sfg caﬁe%a% aaﬂdrupon t he
physi cal propgedt esm 8 ridieerfddanstey oh &meff oﬂﬂ%aﬂﬁﬂ avatehg te‘gw&ﬂaﬁoﬁ@zﬁlﬂSl ve, or
filmstrength, of the transfer layer. Durin 0 imaging, the transfer |ayer

preferably brashgdaxereaingicrpls pevidvsin poHEa PR the r@%@éby sivamal fsanyéeg od
regi ons 10 1 QLG S0R P & BALSKfogh OBL0 RRIMARLER POPUTRLS, LA s ot

in extended chalr" or ma Suc yphenyl enevi fyl enes. can’have

high tensil evasikf gﬁﬁgﬁﬂfes caﬂﬁlr@haﬁiéﬂiwﬁmﬂtﬁdre gon@ahads earl Ltslaato Rfrmpko! yar am de
fibers. In WD 2003 /096948 PCT/ US2003/ 032047 -84 practice, clean edge

formati on durdesige: ¢psh dgerrsheeidprming pmgﬁ mgraoportipehaf taeflevigem 9It wbbymers can

be chall d f h,
Corm, o 1 aooRimigadP TR Bor PRR P AHRLAS ik, Ao BB Rhchlcbrna B e

str engw of tihgndindvAdE BB faetbyes stﬂ'ﬂﬂ)l& pﬂﬂésfselhclh&mgrphat@ﬁtﬂo@ﬁphﬁceDt or
surface. This 5 strerlljgth may be influenced by the solubility paraneter

conpat i bi | i t yPredessaselnkjefrpsecasses] aylaangwdothpredsng e raskbasedauocassess ome
i nst ances, 'twl'; %eg%g%‘;%[mgaﬁ us%ﬁ%?ﬁ%wﬂ;@%v%b&f' al on the substrate surface
e’g.,

and the materia ran conpound or conposition of the

present inventi orth Fgab ”ttl‘i@tlortdﬂ@utﬁsﬁ’awﬁlbichy bparpaiyehet fBmardeitablediint bfee t 0
i nprove or even nmake 10 possible thermal transfer or other patterning

met hods. As ss@isapn &S e ek é’lziq’%.ﬂéz anth6.2B85321 ected such that the
di ff h 2
! er%nce In thesg g rHl%'c{}‘)hB%{aé%g&%fE?%qPél?z BQc{He?&FoF& Ccor%J%secFm 31

and, preferably, no ret rmne Ing to
Properties dfetviahyndonst sdbzatte aﬁ‘m}ree[L"HﬁCOaiyew foheXimgpie cadonGiol heeit @ilbe; Thei r
Numeri cal Es tge?v?égnqﬂe substrate and the LTHC layer during imaging or to provide mechanical
stability to the donor element for storage, handling, donor processing, or imaging.
Examples of suitable underlayers and methods of providing underlayers are disclosed
20 in U.S. Pat. No. 6,228,555 and in co-assigned U.S. Patent Application Ser No.
09/743,114.

The underlayer can include materials that impart desired mechanical or thermal
properties to the donor element. For example, the underlayer can include materials that
exhibit a low specific heat X density or low thermal conductivity relative to the donor

25 substrate. Such an underlayer may be used to increase heat flow to the transfer layer,
for example to improve the imaging sensitivity of the donor.

The underlayer may also include materials for their mechanical properties or for
adhesion between the substrate and the L.THC. Using an underlayer that improves
adhesion between the substrate and the LTHC layer may result in less distortion in the

30 transferred image. As an example, in some cases an underlayer can be used that
reduces or eliminates delamination or separation of the LTHC layer that might

otherwise occur during imaging of the donor media. This can reduce the amount of

physical distortion exhibited by transferred portions of the transfer layer. In other



and Prediction fromAdditive Goup Contributions, third edition, edited by
D.W Van 15 Krevel en; El sevier Science Publishers B.V., 1990; Chapter 7, pp
189- 225. Th®Osxihiled4st y paranmeter of a materials can be detcenseaedsfosom
measurenents of the extent of equilibrium-8nelling of the material in a
range of solvents of differing solubility paraneters. The solubility

paranmeters of thes 3ekeeatis nlaherrRkiyAte GAMMNSy ualRi Ry &0k IR ptdiadtt bitehd sh@at s of
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tenperat re. 2B2Re8wLERY N6 Esnaratedrydicatingefithe & THET e duregrimgginge Providing
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solubility par g{rlﬁr% aeérh.anﬁ%%ﬁ?%%n%“}eﬁ%@a%ﬁ%gﬁt?t y paraneter of the polyner,

t he equilibrium swelThé ngd@fayth@apok yiiantibllRtransphientt 3t (b irsgdinvewteel@fath, or
differing 5 is neasured and a gl ot of equilibriumswelling of the polyner
vs. the sol ubi Mayalsedeaaitaasy pastialbhebseptive gt wileetiverdmagag radrpons ghigsupiiey 30

paraneter of t ) 1s def] Al t i L nibelLS; Mexi num
swelling is oo 5@%@?‘?@&%%@%9&%%%9 B e fler Bkl e '{?é"\‘/’f‘ng B b ity
par anet eys t hatcedr&idnafisingtih@gingr greater than that of the polymer. There

are several nethods_for theoretically W 20041096948 PCT/ US2003/ 032047 -85

estimating the sol ubt Figge pandabidedaysr 21 ea91 Bevipeluded igdasar shests £ ghe progent
contributions . t] . i I, i i

t he above-ci tegrtvreg{l‘gpfebndggﬁﬁ ‘Srg%%ﬁ{’)‘? elg%rgf:it%?%ﬁflec% Ohgﬁﬁ}%‘gﬁé%&ﬁ%%L gﬁg%?r%gund
or conposi ti on igfludebe rgdigs@nibsbrbee that shzotha indidentediiatidn (egaddser higlpastd by

sel ective thermal transfer of the 5 conpound. or (;om%(ési tion from.a thermal
transfer donor CEHEES 2t lsay agestienef theasidest radigtiga ppigihsat tpgpabis Yanwe of dhsspl ays

o | Aot B, DGR AR P RAA SUBE IRyt STocl
w th ot her devidesribey er, $oraxamplee . &) Bat.tMost 824211 SPlany 6(228c¥5t or) substrat e.
Flgure 2 shous an e e 9" an optional mtcrlaycs 316 ay be eposed between the LTHE & O
dayer 214 and transfer layer 218. The interlayer can be used, for example, to minimize
damage and contamination of the transferred portion of the transfer layer and may also .
20 reduce distortion in the transferred portion of the transfer layer. The interlayer may
also influence the adhesion of the transfer layer to the rest of the donor sheet.
Typically, the interlayer has high thermal resistance. Preferably, the interlayer does not
distort or chemically decompose under the imaging conditions, particularly to an extent
that renders the transferred image non-functional. The interlayer typically remains in
25 contact with the LTHC layer during the transfer process and is not substantially
transferred with the transfer layer. Suitable interlayers are described in, for example,
U.S. Patent Nos. 6,242,152 and 6,228,555.
In Figure 2, a thermal transfer layer 218 is included in donor sheet 200.
Transfer layer 218 includes a compound or composition of the present invention and
30 can include any other suitable material or materials, disposed in one or more layers,
alone or in combination with other materials. Transfer layer 218 is capable of being

selectively transferred as a unit or in portions by any suitable transfer mechanism when



10 use in the present invention. Donor elenent 200 includes a base substrate
210, an optional underlayer 212, an optional |ight-to-heat conversion |ayer
(LTHC | aye¥® 200969480 optional interlayer 216, and a trarst/es2bayrns7218

conprising a conmpound according to Formd8&- 1 or a conposition that includes
a conmpound according to Formula | in addition to a second conpound that is

a charge trangpdohdéreriait &y éxdosedrothrtgRalthoekiongadmgiadiefitadhat @ntbeght
emtting material, a color conversion naterial, a polyneric binder, or a

conbi nati on t#EPREH by gheto-keshponyster masrpsadcppteddpiohgger s can al so be

0 S Pat. Moo oriuyRih RLAEANE: fbviRy iy Sy RG0RRsR: Ryl 5 2357 1T
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5,725,989; 5,710,097; 5,695,907; and 20 5, 693,,44i, and_in co-assigned U S
Pat ent Appl i cEPmBY? B@radditiorde 2 sggmgmempesnd thaigis gAhpgsitting maiemal gharge

09/ 662, 980; O 084 , 1SS, r.gani c
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t he conpoundspélymegabiadert bomnsorabinhtioibthere NDhOWay ohprobelihg iesfaasfcethyer is
selectively transferred.in the transfer |ayer froma donor sheet to_a
recept or subsby sletigncoating thedighhemitiae maigrak ato theganopfulisHate 95 4BY okthgnent
adj acent to t : sel i 'rﬁg%!ltt_ 1O : t hods
for the tr ans?‘g?{s gg&g g(i %@g’clﬁ"v@%tg}rlé%’%%@ﬁ réé’ eglg P ?%gghfﬁlﬁg%&&éx%{enpl e,
U S. Pad. No. this iadiBod 5Re lightansftey rhaged sachnscdhisbzdicby sddimef efa sdtableom donor
sheets w thout selectivel e/@t ransferring the transfer |ayer. For  exanple, a

transfer |ayefoeRtiblsofsaand 6rated eRifdhc CMBETParae R ARy Orhokilg aleys layet s as
Contact ot 1 MBSk AR DRSNS ARG IR AT ERBCHEL T,

contacted to a recepto strate; 1cally
or pressure. Sikadnt ahovet hedsrablgidecs va undesirablyliatetacavithrie. gr, anslf er dissdwe)be used

to transfer the entire transfer layer, or a larg ortion tBereof, to the
receptor. WO 0¥/ oAy e@@ﬁ?ﬂkﬁ@%éﬂf 3@2{%‘? she eﬁ%ﬁt@?‘i‘%ﬁ: canrtpenbeamenled e
donor ghects gannbeollERRehRhaed ARhACERIpsR IGRer materials on a T eceptor
to form adj acent devices, portions of adjacent devices, or different
portions of the safee dasferdayeAtarethambe vatopivelyahemiallly srahsiomed éparthte donor
h n ransferr ir I n f rin rtial rliyin

?‘egietsts r g? i Ogeﬁqlﬁ?gs dgnor%lcnieecti Ior gl%;[ne}{t t% a [}rg)gm%te’ly ﬁ)catled rtg)c%p&)lr 2ubs(t)r\z/1tec. fﬂeregcan

be, if desired, more than one transfer layer so that a multilayer construction is

transferred using a single donor sheet. Suitable receptor substrates are described, for

20 example, in U.S. Pat. Nos. 6,242,152 and 6,228,555.

Receptor substrates can be pre-patterned with any one or more of electrodes,
transistors, capacitors, insulator ribs, spacers, color filters, black matrix, hole transport
layers, electron transport layers, and other elements useful for electronic displays or
other devices.

25 The invention is further described by the following examples, which are

provided for illustration only and are not intended to be limiting in any way.

EXAMPLES
Examples 1-23 describe the synthesis of compounds of the invention and
30 intermediates used in making themn. All reagents were purchased from Aldrich
Chemical Company unless other wise specified. All compounds were characterized by

'H-NMR and found to correspond to the structures shown.



5 other layers or materials previously patterned onto the receptor by
thermal transfer or sone other nethod (e.g., photolithography, deposition

t hrough a sMEUPM/MH848 etc.). A variety of other conbi naticanss:20f3/06ya7 or
nore donor sheets can be used to forma devB®e, each donor sheet form ng one
or nore portions of the device. It wll be wunderstood that other portions
of these devi c&lpssafy ot her devices on the receptor, may be 10 formed in
whol e or in part by any suitable process including photolithographic
processes, ink jet & eddels ragpRrng pEsns 4ot Hup(c g’ﬁ%ﬂhgnﬂ JRphepyd lavpidahdefrom
processes, whej gv&gﬁ opgl |y used or newWy developed. In Figure 2 the
donor substrate 2 O can a’polynmer film Suitable filns are described in

U S. Pat. Nos. 6,24X%52 E&nﬁdyl&,nﬁ%p@ﬂﬁml}ﬂrﬁerld&nﬁe@fmm tBe pplyineniahtiamnefe-{2ay-er
212 may be coated _or otherw se disposed tween a donqr substrate and the

LTHC | ayer, fordl%xl%ﬁmhénx‘b‘*%ﬁwﬂrﬁxwga@nw} A4-pedipgals- (e senbstis at &(aad t he
LTHC | ayer d“”d'ﬂﬂﬂb gﬁg 8h4 rﬁ ‘PIBQ?Y)'p ﬁ?@%nb% azofRli@BbdckibYd OE}Ez!ﬁfplg?nor

el enent for storag ono ssing, or 1 maglng. es of
sui t abl e under I]myemateankiwamioﬂmﬂmmﬁ apdemi dappgd un fidiowayer s are di scI osed 20

in US. Pat. No. 6,22 nd _ in co-assigned U S. Patent Application Ser
No. 09/ 743, 114. Théﬂwfiqskg g vithp %eﬁar%«ﬁ Wﬁrpé?nafrget“ﬁafntmﬁlﬂaﬂ‘*é%g.(?éa

mechani cal or , glﬁﬁg) o L he
under | ayer canaﬁﬁéﬁ%g 3 ?gir%lmé) %ﬁlt ﬁﬁ r5 exh %B?H%W 3éﬁg?? t X density
or low titermal Exanglet N3 y(10ed%himod) dfmnpthtayljxhnspm;%amubﬁﬂrga(ﬂelzlﬁimhl)@ﬁ
underl ayer may be used to increase heat. flow to the transfer |ayer for

exanple to i npraﬁbﬁdff’ﬂ%mf“]ﬁ?ééﬂ%@m% e thispapsaded & @b ABr DMinand g fhé’yer may
al so include mgfgr}ak;d 0l a% emﬁﬁtﬂé a&d ofy E%ﬁf ?ﬂaﬁ@cdﬁﬁeﬁs‘éf folRURE

between the substrate and HC Usi ng an un ayer that 1nprove
adhesi on bet vveemstﬂhmg offilnstch af ﬂleanldcmda a oLtHet-lﬁbdlaymactmwoiMBmI wasi addéd s Surther

distortion int ansf err.ed n_exa in _sonme._cases an

under | ayer can Ooil %gle%li ’ﬂﬁl"% H}E‘gﬂgso‘?m]éq ﬂﬂ% gyﬂ%ﬂleam%% Biffogen purge.

separati o of g bleddf o P08 zm ﬁmutes%ﬂ@m @;ﬁth@%ﬂﬁmﬁm i magi ng of

t he donor nedia. This can reduce the anount of sical distortion

exhi bited by t rchimbesnzed pendicapmEnpiganhd’ ltcrramﬁ)erwdsallewed tonprotdedrioVDhours

2004/096948 PC-I.Zt g& 280 %eoc%%ﬁaﬁ%action mixture was poured into about 500 ml acetone and

—— filtered. The solid cake was taken up in methylene chloride and LN HCl added and the

two phase system stirred for about an hour. The resulting solids were filtered off and

20 the filtrate transferred to a separatory funnel. The lower organic layer was separated
and poured into an excess of methanol. The solid was collected, washed with methanol

and dried to give 2.8 g of polymer.
GPC analysis gave a weight average molecular weight (Mw) of 1.7 x 103, a
number average molecular weight (Mn) of 4.9 x 104 and a polydispersity (PD) of 3.55.
25 Ir(ppy); — a molecular emitter, tris(2-phenylpyridine) iridium (II), available
from H. W. Sands, Jupiter, FL.
PBD - An electron transport agent, 2-(4-biphenyl)-5-(4-t-butylphenyl)-1,3,4-
oxadiazole, available from H. W. Sands, Jupiter, FL.
PEDT/PSS - copolymer (poly(3,4-ethylenedioxythiophene)/polystyrene
30 sulfonate, available as Baytron™ P4083 from Bayer AG, Leverkusen, Germany.,
PVK - a hole transporting agent, poly(9-vinylcarbazole, available from Aldrich,
Milwaukee, WL



-87 cases, however it may be desirable to enploy underl ayers that pronote at
| east sone degree of separation between or anong | ayers during inmaging, for
exanpl e tWORBLHsRIS an air gap between | ayers during i nBREFAGZOHAI2VEAN
provide a thermal insulating function. S&faration during inmaging may al so
provi de a channel for the release of 5 gases that nmay be generated by

heati ng of the LTHCetralieitrighenylphosphiyiengalimdion o) vgs obaateddraghStraml may | ead

to fewer imaging defects. Th derl ayer may be substantially transparent at
t he i magi ng \?@R‘Fgﬁ“@%g&%}”%lﬂrrypomgal so be at least partially absorptive or
reflective of inmagrpp -r@ﬁm@tdaﬁ@onﬁ{gt@g@ﬁﬁm,ﬂnms«@s-n{e@wlﬁﬁh%mw’- I maging
radi ation by the underlayer may be used to control heat generation during
i magi ng. | n PRigpheny})beasidingHeallahjefropuH. Wabands, hidlenddd i n donor sheets of
the present invention to couple irradiation energy into the donor sheet.
The LTHC | ayer preferably includes a radiation absorber that absorbs

i nci dent radig{hfple(B: SynthédhSEir2-12,31Mihl8Rsbhes AL @cilon -p9ytion of
the incident Tadratron rnto heat to enable transfer o e ranster |ayer
fromthe donoexadigsmie t o t he receptor. Suitable LTHC | ayers are described

in, for exanple, U S Pat. Nos. 6,242,152, and 6,228,555. In Figure 2, an
optional interlayer 216 may be di spos pet ween the LTHC -layer 214 and
transfer layer 218. The interlayer can beyuged, for exanple, to mnimze
damage and contam nation of the transferred\portion of the transfer |ayer
and may al so 20 reduce distortion in the trgnsterred portion of the transfer
| ayer. The interlayer may also influence t &dhesion of the transfer |ayer
to the rest of the donor sheet. Typically, the interlayer has high thernal
resi stance. Preferably, the interlayer does o distort or chemcally
deconpose under the imging conditions, pa larly to an extent that
renders the transferred i mage non-functionall The interlayer typically
remains in 25 contact with the LTHC | ayégHd@ring the transfer process and is
not substantially transferred with the transfer layer. Suitable interlayers
are descri bedPirhA: fSynthesia opMethy! drogtoxphenorteNos. 6, 242, 152 and 6, 228, 555. In

e ans 40 1 ayer 21amhefirece nRifisedaor b ORAETEr kRSPt

i nvention and76.37 g (1.99 mol) potassium carbonate and 1200 g of acetone. This was refluxed for

45 min followed by the dropwise addition of 386.17 g (1.99 mol ) of 1-octylbromide
over a 1 hour period. The reaction mixture was refluxed for two days. Filtration of the
cooled reaction mixture and evaporation of the filtrate gave an oil. This was taken up in
15 ethyl acetate and extracted with 5 % NaOH (2 x 100 ml) followed by water (2 x 100
ml). The organic layer was dried (MgSQOy4), concentrated, and transferred to a 1L three

necked flask. The contents of the flask was subjected to high vacuum distillation to
remove the excess 1-octylbromide. The pot residue was essentially pure methyl 4-
octoxybenzoate (376g, 86%).
20
Part B: Synthesis of 4-Octoxybenzoyl Hydrazide
To the contents of the flask from Part A was added 387.14 g of 98% hydrazine.

This was refluxed for 5 hours (106 °C). The cooled solution was poured into 3L of
water and the precipitated solid filtered, washed with copious amounts of water and

25 dried in a vacuum to give 4-octylbenzoyl hydrazide (343 g, 91% yield, mp 90 °C).



30 can include any other suitable material or materials, disposed in one or
nore | ayers, alone or in conbination with other materials. Transfer |ayer
218 i s capapioeopfodeisng sel ectively transferred as a uni tecoruskonsfpstos ons by
any suitable transfer nmechani smwhen WO 2009/-096948 PCT/ US2003/ 032047 -88

t he donor elenment is exposed to direct heating or to inmaging radiation that
can be absor begley dvh@Rliz bo2 hagkhiepivesrd@Ch@igri al and converted into
heat. The present 1Tnvention further provides a light emtting transfer |ayer
that includes a co@@@%ﬁﬁs%ﬂmﬁhﬁr@}m@@dmﬁmd magtehig -l wakes a

i Leing mat or FoRuet b OPAT hERor B RgRRERATs SRTRAYREA hD) of B o™

material, a cot}ﬁdsnﬂ@mmalmrﬁﬁm&m&ls ;refﬁlxe@@d)ryg@cﬁu@ Mbm@the thondl &fGdRdanat i on
t hereof. One way of Erow ding the transfer layer is Dby solution coating the

light emiStti ngvientistilled ofrfeldowarebiremen alsftihe reaasndsy bamfytaﬁffemmraumayers

d bed d t

O oe $b7 el sl P A PG b L R B IYB0, o
addition of a %‘?@b&lg‘fﬂaﬁhg‘i’%ﬁ% p@bg%,}{@}nd coated onto the donor

substrate or any one ayers by’spi n-coating, gravure coating,
Mayer rod coating, knife coating and the |like. The solvent chosen
preferably does not unde5| rably interact with (e.g., swell or di ssol ve) any
of the al r eadyPastily § 9-Pichlope Ny fdvipctdpawpenzepydbenzehydiaziden t hen be
anneal ed, 15 and th ) K yar, ,
transfe(rjl | ayer can ﬁ] %e se \ggpﬁl\r?é’[a@%t%}g(ég gloghrﬂéng{aﬂrred4 ?rjgn%m%[eh% was
resul ti ng donoadddiaeta gaiutmhe;ﬂ!‘réhﬂ (0. (ETpm(dxnmtoalyyeﬂzoth}elmznmﬂtlarB ml (8.8
substrate. There can e, if desired, nore than_one, transfer er so that a
mul til ayer congt?ﬁ'é?i“é?i)fr%ghl%‘?'létﬁl:?ﬂé?l?téﬁlaﬁg?%@%ﬁ'gﬁﬂrfﬁlyé 69f8’:m Htabogi ficab| e

recept or subst
6 545, 952" and. LG Fnd %g%%?%g o prfipicitt SAERGjred E“’E"“ ﬁa‘?’fgﬁ’rﬁnﬁpgmn any

one or nore of wakeohtimoadintil meanmdaydl’l&,prodmracvatsmoﬂectedfimxﬂihwﬁon ads,
spacers, color filters | ac rix, hole ransport  layers, .el ectron
transport® | ayef&Tyss ﬁi}‘z‘?ﬁg ga@ Tter ﬁ?sgé‘ffh 8?1 g‘?é’&‘?liib%y%g ai‘"‘é‘& %ﬁ [g

ot her devi ces bed by the foll ow ng
exanpl es, whi Chgé,ylm?)bbﬁ%%nbe&@hy&aﬁaé Lhewnilesaid.

Part E: Svnthcéis of 2-(2,5-DichlorophenvD}-5-[4-(octyloxyiphenvl]-1.3.4-oxadiazole

Into a 250 ml flask fitted with a mechanical stirrer and thermometer was
20 introduced 30 g (0.0686 mol) 2,5-dichlor-N'-{4-(octyloxy)benzoyl]benzohydrazide and
181 ml phosphorus oxychloride. This was refluxed and stirred for 8 hrs. About 100 ml
of phosphorus oxychloride was distilled off under reduced pressure. The cooled residue
was poured onto water and crushed ice with manual stirnng and allowed to stand unti)
the ice had melted. The precipitated white solid was collected by filtration, dried and
25 recrystallized from ethanol. There was obtained 25.7 g (8§9% yield, mp 86 °C) of 2-(2,5-
dichlorophenyl)-5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole. The structure was confirmed

unambiguously by 1D and 2D NMR techniques and gave the following: 1H-NMR (500
MHz, CDCI3) 0.89 (3H, t), 1.31 (8H, m), 1.46 (2H, g), 1.79 (2H, q), 6.97 (2H, d), 7.38

(1H, dd), 7.44 (1H, d), 8.01 (2H, d), 8.06 (1H, d); 13C-NMR (500 MHz, CDhClz)

30 13.90, 22.44, 25,79, 28.91, 29.01, 29.13, 31.59, 68.08, 114.78, 115.37, 124.27, 128.58,
130.23, 130.87, 131.75, 132.20, 132.87, 161.03, 161.98, 164.95.



provided for illustration only and are not intended to be limting in any
way. EXAMPLES Exanpl es 1-23 describe the synthesis of conpounds of the

i nvent i on WARW-BO6Et er redi at es used in maki ng them Al |l peeagsintssoer e
purchased from Al drich Chem cal Conpany iless ot her wi se specified. Al
conpounds were characterized by 'H NWR and found to correspond to the

structures shewsmpRQ:2904h0968¢ 8 PieH bERRHGA2 5.1 dloroBhesARI S LBP - a
hol e transporting ‘agent, 4,4 -brs(carbazol-9-y I phenyT, avarlable from H.
W Sands, Jupﬁﬁﬁhaﬂgi C80 - Phenyl end capped polynmer derived fromthe

pol ymeri zation of 2-(2,5- 5 dichloro
phenyl)-5-[4-(octyl oxy) phenyl ] -1, 3, 4- oxadi azol e. The synthesis of 2-(2,5-

di chl oro phenyl)-5-[4-(octy|oxy)phenykﬂ- ‘-gradiazole is described in
Exanple 1. This material was pol ynerized nd capped as follows. Into a
flask fitted with a septum and nitrogen purge was introduced 4.10 g (9.77
mol ) of 2-(2,5-dichl orophenyl)-5-[4-(octyl gXxy)phenyl]-1, 3, 4-oxadi azol e from
10 Exanple 1, 2.85 g (10.89 mmol) of triphe osphine, and 0.31 g (1.421
mol ) of anhydrous nickel (11) brom de. To tihis was added 75 ml dry DMF and

25 mM dry toluene. This was azeotroped wt e use of a Dean-Stark
condenser followed by distilling off nuch he tol uene. To the cool ed
reaction solution was added a further 0.3 (1.421 nmol ) of anhydrous

nickel (11) brom de under a strong nitrogen rge. 15 This was heated at 80
C for 30 mnutes followed by the addition of 1.0 g chlorobenzene as

end- cappi Ng agehia: STHGediCBENLQD MR AbLRWRN A DARIRESRA-SiR/dr&idour s at 80 C.
The cool ed reaction m xture was poured i nto about 500 niT acetone and

filtered. The sol i d-foaatylbenzpoakenrarde (h3hethyd ered) andl tiethglamans(O7 N7HCLadded
and the two se stem,stiryed for.about.an hour, .The.r .tin olids
Sore 11 ter oD BBl ML Rihed wopicolonfP BulridB v IR 20pa 0 S Ao e e
The | ower orggm ol AYRI TS WBPad@&desth MBchapRdl §Hrihp 01 8% @xeess of

met hanol . The solid was collected, washed with nethanol “and dried to give
2.8 g of pol ygishlorobenzoyl chloride. No precipitation of the product was observed after three

10 hours and the reaction was allowed to stir at room temperature until the next day. The
product was precipitated by the addition of 4L hexane. Filtration, hexane washing and

drying at 80 °C in a forced air oven gave the product in 99% yield.

- Part B: Synthesis of 2-(4-tert-butylphenyl)-5-(2,5-dichlorophenyl)-1.3.4-oxadiazole
15 Into a 2L flask was introduced 200 g N-(4-tert-butylbenzoyl)-2,5-
dichlorobenzohydrazide (0.55 mol) and 1378 ml phosphorus oxychloride (2267 g,

14.78 mol). This was refluxed for § hrs and the solvent then evaporated under slight
vacuum. The residue was poured onto crushed ice and allowed to stand until the next
day. Filtration gave a sticky mass, which was dissolved in methanol, and solid material

20 was obtained by addition of a little water. Filtration and drying gave 112 g of the
product as a white crystalline solid (59 % yield).

Example 3: Svnthesis of 2-(2.5-Dibromophenyl

oxadiazole
25 This example describes the synthesis of 2-(2,5-dibromophenyl)-5-[4-

{octyloxy)phenyl]1,3,4-oxadiazole and also provides a general method for preparing a



GPC anal ysis gave a wei ght average nol ecul ar weight (My of 1.7 x 105, a
nunber average nol ecul ar weight (Wn) of 4.9 x 104, and a pol ydi spersity (PD)
of 3.55. 2%Qr0peyd& - a nol ecular emtter, tris(2-phenylpgyradim@szosti di um
(rrr), available fromH W Sands, Jupiter33-FL. PBD - An el ectron transport
agent, 2-(4-biphenyl)-5-(4-t-butylphenyl)-1,3,4- oxadi azole, available from
H W Sands, Jupigk ef usefill. mﬁ@lﬁiﬁﬁﬁeﬂl&@ﬂm%ﬂ@ﬁnedlmes useful in Suzuki coupling

(pol y(3, 4-et hyl enedi oxyt hi ophene)/ pol ystyrene 30 sul fonate, avail abI e as
Baytr onTM P4088af@tfh Bayer AG Leverkusen, Gernmany. PVK - a hole
transporting agent, poly(9-vinylcarbazole, ayailable fromAldrich,

M | waukee, W. WD 2004/096948 PCT/ US20 { -90

Tetraki s(tri phenyl phosphi ne) pal | adi um ( 0) \Zwas oi)t ained from Strem

Chem cal, Newburyport, MA. TPD - A hole transpogting agent,

N, N - bi s(3-net hyl phenyl )-N, N - bi s(phenyl ) bepygi di ne, available fromH W
Sands, Jupiter, FL. Exanple 1: Synthesis of 2

2-(2,5-Di chl orophenyl ) -5-[4-(octyl oxy) phenyl | -4, 3. 4- oxadiazole Cl R- CI N
O N C8HnO Part A Synthesis of Methyl 4-oct enzoate 10 Into a flask was
i ntroduced 251.0 g (1.65 nol) of methyl 4-hy ybenzoate, 276.37 g (1.99
nol ) potassium carbonate and 1200 g of acgfé_grh. This was refluxed for 45
mn followed by the dropw se addition of 7 9 (1.99 nol ) of

1-octyl brom de over a 1 hour period. The reaction m xture was refluxed for
two days. Filtration of the cooled reaction m xture and evaporation of the
filtrate gave @By IsynitRlis o18S-hdkSHobRzbN Chrorflehyl acetate and extracted
with 5 % NaOH (Z x 100 m) follTowed by water (2 x 100 m). The organic

| ayer was dried ( MyB94he gorpral emthet efdharti of Exanpledr thedeaadioa of BOLr @l 786

mol) 2,5-dibromobenzoic acid with 150 mL thionyl chloride gave after distillation 40 g

of 2,5-dibromobenzoyl chloride.

10 Part B: Synthesis of 2.5-Dibromo-N'-[4-{octyloxv)benzoyl]benzohvdrazide

By the general method of Part A, Example 2, 2,5-dibromobenzoyl chloride
(57.43 g, 0.11925 mol), 4-octoxybenzoyl hydrazide (50.88 g, 0.1925 mol), and
triethylamine (27 ml, 19.48 g, 0.1925 mol) were reacted in 800 ml methylene chloride
to give a product. Re-crystallization of the product from DMF/water gave 79.38 g (78%
15 yield) 2,5-dibromo-N'-[4-(octyloxy)benzoyl}benzohydrazide.

Part C: Synthesis of 2-(2,5-DibromophenyD-S—M—( octyloxv)phenvl]l,3,4-oxadiazole

By the general method of Part B of Example 2, cyclocondensation of 39.1 g
{0.0743 mol) of N-(2,5-dibromobenzoyl)-4-(octyloxy)benzohydrazide with 203 ml
20 phosphorus oxychloride for 8 hrs gave, after recrystallizing from EtOH/water, 33.6 g
(89% yield) 2-(2,5-dibromophenyl)-5-[4-(octyloxy)phenyl]1,3.4-oxadiazole.



necked flask. The contents of the flask was subjected to high vacuum
distillation to renove the excess 1-octyl brom de. The pot residue was
essent i al MO pow/esset hyl 4- oct oxybenzoate (376g, 86% . Z@TRa82003B3208ynt hesi s
of 4-Cctoxybenzoyl Hydrazide To the conterflds of the flask fromPart A was
added 387.14 g of 98% hydrazine. This was refluxed for 5 hours (106 C). The
cool ed sol uti BRampk: fEynelesisif@-@,5-Dichludiphen And-(bbetafliecopgtidnghad3.gol i d
filtered, washed with copious anbunts of water and 25 dried in a vacuumto
gi ve 4-octyl bexadigaole drazide (343 g, 91%yield, np 90 C). WD 2004/ 096948
PCT/ US2003/ 032047 -91 Part C. Synthesis G 2,4-Di chl orobenzoyl Chloride
Into a 2 L flask fitted with a refluxy @ g and magnetic stir-bar was

i ntroduced 150 g (0.785 nol) 2,5-dichl orgbénhzoic acid and 575 m (7.85 nol)
of thionyl chloride. The mxture was reflukxed for 8 hours. Mst of the
thionyl chloride 5 was distilled off followed by renoval of the remainder by
rotary evaporation. Distillation gave 130g % yield) of

2, 4-di chl orobenzoyl chloride (pot tenperatur ?:10 C distillation tenp 70 C
/ 0.70 mm Hg). Part D: Synthesis of
2,5-Dichloro-N -[4-(octyl oxy) benzoyl | beng azi de 10 Under a bl anket of
nitrogen, 8.8 g (0.087 nol) 2,4-dichlorobenZoylFchloride was added to a
solution of 23.0 g (0.087 nol) 4-octoxybenzbyl hydrazine and 12.13 nl (8.8
g, 0.087 nmol) freshly distilled triethylamne in 348 m dry chloroform
After about one hour of stirring a dense white precipitate of the required
product swas f eLiRd symhkbdi€ bigs-DeRlofdRhidiNgRziRt i1 the next day. The product
was collected by filTtration and 15 recrystallized from ethanol/water to give
31 g (81.5%yi el d) Ins a 2lask Waszimltmducaﬂ 3 g0. [Fodtmpdlpropityd A Dedithlbeabeodoattr axdi de

as a white sol Par

o7 2o(2 - b on PO gHEHDR Fiob TR ThisaysshBmd 65 hows e oskdmeaction: o a 250
m flask fi ttﬁﬁxtmet\basapdﬁ?&ihﬁﬂi a%aéxcégsldfw&era@ rbdifi m@mbﬁrwm%oa@ Flmrartfaﬂuced
30 g (0.0686 nol) 2,5-dichlor-N -[4-(octy benzo ] benzohydr azi de and

181 m phosph@mci.:@rymgymdbbvacdem ghNe §0\gaghfil eﬁl EM%sidwmdu thatdle frofer®l was .

About 11(60 m

fairly pure 2,5-dichlorobenzohydrazide and was therefore used without further

purification.

Part B: Synthesis of 2,5-Dichloro-N'-(pentafluorobenzoyl)benzohydrazide
By the general method of Part A of Example 2, 21.0 g (0.1024 mol) 2,5-
15 dichlorobenzohydrazide with 23.6 g (0.1024 mol) pentafluorobenzoyl chioride and 14.3
ml (0.1026 mol) triéthylamjne in methylene chloride / DMF (1L, 1:1) gave, after re-
crystallizing from DMF/water, 22.51 g (55% yield, mp 227 - 232 °C) 2,5-dichloro-N'-

(pentafluorobenzoyl)benzohydrazide.

20 Part C: Synthesis of 2-(2.5-Dichlorophenyl)-5-(pentafluorophenyl)-1,3.4-oxadiazole
By the general method of Part B of Example 2, the reaction of 21.0 g (0.05377

mol) 2,5-dichloro-N'-(pentafluorobenzoyhbenzohydrazide in POCIl; gave a product
which was recrystallized from ethanol/water to give 16.59 g (81% yield) of 2-(2,5-
dichlorophenyl)-5-(pentafluorophenyl)-1,3,4-oxadiazole.

25



of phosphorus oxychloride was distilled off under reduced pressure. The

cool ed residue was poured onto water and crushed ice with manual stirring
and al | onedwmzmi/agsdssunti| the ice had nelted. The preci gichai 6 Wibdye solid
was collected by filtration, dried and 25 reerystallized fromethanol. There
was obtained 25.7 ¢ (8996y|eld np 86 CD of 2-(2,5-

di chl or ophenyl )pauh ) -\ e e-Xel ¥ CL Wl _mas
confirmed unanb ' ' ' ' ' oW ng:
1H NVR (500 IWiQAéEﬁﬁQ@M 89 (3H t), 1.31 (8H m, 1. 46 (2H, q) 1. 79 (2H,
q), 6.97 (2H, d), 7.38 (1H, dd), 7.44 (1H, d), 8.01 (2H, d), 8.06 (1H, d);
13C- NMR (500 MHz, CDC13) 30 13.90, Zé] 9, 28.91, 29.01, 29.13, 31.59,
68.08, 114.78, 115.37, 124.27, 128.5 , 130.87, 131.75, 132.20,
132.87, 161.03, 161.98, 164.95. WD 2004/096948 PCT/ US2003/ 032047 -92

oxadiazole C C N O N5 Part A: Synthes
N-(4-tert-Butyl benzoyl)-2, 5-di chl orobenzohydrazi de 4-tert-Butylbenzoyl
hydrazi de (185 g, 0.96 m)l) and triethyla ey(97.37 g, 0.96 nol) freshly
distilled from cal cium hydride were added &0 4L ©f di chloronethane in a | QL
flask. To this was added wi th nechanical sti ad 201.5 g of 2,4-

di chl orobenzoyl chloride. No precipitation 9 hesthf oduct was observed after
three 10 hours and the reacti on was aIIovve stir at roomtenperature
until the next day. The product was precipredted by the addition of 4L
hexane. Filtration, hexane washing and drying at 80 Cin a forced air oven
gave the product in 99% y| eld. Part B: Synthesis of

2-(4-tertzbutyl rgod:f S0 iehe 3, 4- 0Xadi azole 15 Into a 2L
flask was intr 1)-2,5-

di chl or obenzohydr azi AleL(fRisb Hitted h/)thaartdeclﬁﬂ Salndtireh eap biodrpsl wikl ¢lirombflaoed267

g, 14.78 nol). This was refluxed for 8 his and the solvent then evaporat ed

under slight = vde8uh$3 Tranqleind o0l DMYP etndiedNcamomhems was added S0raluell t o

stand until the Wtaqueous NaOH solution and 2.72 g of benzyltriethylammonium chloride (2.72

g, 11.98 mmole). This was stirred for Zh at RT. With vigorous mechanical stirring, n-
10 octylbromide (84.96 g, 440 ramole) was added via a dropping funnel {exotherm).
Stirring was continued for 2 hours. To the reaction mixture was added 500 mL of a 1:1
mixture of water/ether, and the organic layer separated and was washed successively
with brine and then water. Drying over magnesium sulfate and evaporation of the
solvent gave an oil. Purification by column chromatography (silica gel; hexane as the

15 mobile phase) gave 67 g (78% yield) of 2-bromo-9,9-dioctylfluorene as a pale oil.

Part B: Svnthesis of 9.9-Dioctyl-9H-fluorene-2-carboxvlic Acid

Into a flask fitted with a nitrogen inlet and rubber septum were introduced 2-
bromo-9,9-dioctylfluorene (34.18 g, 72.8 mmole) and dry tetrahydrofuran (300 mL).
20 The solution was cooled to -60 °C and n-butyl lithium (29.1 ml., 2.5M in hexanes, 72.8
mmole) added via a syringe. The reaction mixture was observed to turn red. After
stirring for 1 hour at -60 °C, the reaction mixture was poured onto powdered dry-ice
and left to stand overnight. The mixture was acidified with 1M HCI and extracted with
chloroform. The chloroform extract was washed with water, dried over magnesium

25 sulfate and concentrated to give the acid as an oil.



day. Filtration gave a sticky mass, which was dissolved in nethanol, and
solid material 20 was obtained by addition of a little water. Filtration and
dryi ng gaweo 1m2/0e69¢§ the product as a white crystallineecobsdoG4% yi el d).
Exanpl e 3: Synthesis of 2-(2,5-D bronmopheit)-5-[4-(octyl oxy)phenyll 1,3, 4-
oxadi azol e 25 This exanpl e describes the synthesis of

2- (2, 5- di br onpahensginihdid it-9.4-05 Y I0NY ¥RbRMEI ) cakbeh vl Chxallieazol e and al so
provi des a general nethod for preparing a WD 2004/ 096948 PCT/ US2003/ 032047
-93 range of usef uf-2digetybREdIuersice-auBrofictsid BEetridrt aregols sfagrefiureduz uki

coupling reagt I f
2,5-Di br ormbgl%zdé(éﬁﬁénhgoﬂ%égg 7%2h1e%n§<lae eer1 pﬁ%(%&g@ttﬁar @% gﬁdﬁg%g%ﬁng e‘i,
the reaction o 2B 1R rgsidi. hai86al w3ed WitBod-fdithegrpiienidai.c acid with 150 ni -

t hi onyl _chloride gave after distillation 40 g of 2,5-dibronobenzoyl
chloride. 10 Part B: Synthesis of 2, 5- D|brorm N - [4 (octyl ox

) benoyl | benzoﬁxg azl de A ~Exampl e 2,
2, 5- di br onobe b 8! ) ', toxybenzoyl

hydr azi de (50L§ﬁr®nyﬂbéxﬁaﬁvdfﬁ)i@ and “triet hyI anmine (27 nj, 19.48 g, 0.1925
nol) were reacted in 800 met hyl ene chloride to give a product

Re-crystal lizati onzéfDl’FlH@foé’?%@é' ragidg o) Auhisethylagang (e, 15 yi el d)
2,5-dib f
3 02 511 br onshG TS b MR BERE RN LR ARSI LR e Wil nEisoRYBRER B

met hod1of Par dis&@afd. Elﬁ@ﬁ@llu% 2,9- @yathEﬁdﬁm&&tl-@ﬂbBﬁyl&ﬂlohdg (m(eoequvthempl ) of

N- (2, 5-di bronpbbenzoyl ) - 4- (oct yl oxy) benzohydrazi de with 203 nil 20 phostphorus
oxychl ori de fW#as gldsf angjanixfire aitedett R foatyp saysy Fhegnsuldey Watedplter

(89% yi el d) 235 5ltAE VIRBRRIMD Jisk disil FHI RV ANG W HepnBada gadi azol 3

precipitated solid filtered off. The remaining solution was dried (MgSQO,) and

concentrated to give the desired intermediate.

15
Part E: Synthesis of 2-(2,5-Dichlorophenyl)-5-(9,9-dioctyl-3H-fluoren-2-vl)-1.3.4-
oxadiazole
2,5-Dichloro-N'-[(9,9-dioctyl-9H-fluoren-2-yl)carbonyl]benzohydrazide (20.0
g, 32.17 mmole) and phosphorus oxychloride (91 ml.) were refluxed for 8 hrs. The
20 reaction was distilled until about half the volume remained. The pot fraction was cooled

and poured onto an ice/water mixture with constant stirring. The sticky paste that
formed was extracted into hexane and the hexane extract dried and concentrated.
Column chromatography (5% ethyl acetate in hexane) gave 14.98 g (77% yield) of the

desired compound as an oil.



WO 2004/ 096948 PCT/ US2003/ 032047 -94 Exanple 4: Synthesis of

2-(2,5-D chl orophenyl)-5-(pentafl uorophenyl)-1,3,4- oxadiazole d C _R_ N
Q~N F F WwdrookowmeRBart A Synthesis of 2,5-Dichl or obenzgyaiagizAgdypt o a
flask was introduced 30 g (0.1463 nol) nethyy. 2, 5-di chl or obenzoate and
46.89 g (1.463 nol) hydrazine. This was refluxed for 5 hours. The cool ed
reaction mxture was poured into an excess of water, to precipitate an
off-white solid. Filtration and drying under vacuum gave 30 g solid. A

'H NVR showed tExatnilhé: Semtdesiabf @35 Michlwrephenylir®[4-(octyloxy)phenyl]-1,3.4-
2,5-dichlor obenzroEiydr]azi de and was therefore used w thout further
purification. AEOESynt hesi s of

2,5-Dichloro-N -(pentafl uorobenzoyl ) benzohydr azi de By the general nethod of
Part A of Exanple 2, 21.0 g (0.1024 nol) 2, 5 di chl orobenzohydrazi de with
23.6 g (0.1024 nol) pentafluorobenzoyl g e and 14.3 m (0.1026 nol)
triethylamne in nethylene chloride / DW 1:1) gave, after re-
crystallizing from DM/ water, 22.51 g (55%yvyi np 227 - 232 O
2,5-dichloro-N - (pentafluorobenzoyl)benzohyds a/z,ljde. 20 Part C. Synthesis of
2-(2,5-D chl orophenyl ) -5-(pent af | uor ophenyl ) - 1¥3, 4- oxadi azol e By the
general nethod of Part B of Exanple 2, the readtion of 21.0 g (0.05377 nol)

whi ch was recrystallized from et hanol /water
2-(2,5- dichlorophenyl)-5-(pentafl uor ophet&yfli)(-)
8" 17

ive 16.59 g (81%yield) of
1, 3,4-oxadi azole.

5 By the general method for the synthesis of 2-(2,5-dibromophenyl)-5-[4-
{octyloxy)phenyl]-1,3,4-oxadiazole in Example 3, the reaction of 3,5-dichlorobenzoyl
chloride (20.0 g, 0.010 mole) with 4-octoxybenzoyl hydrazide (25.24 g, 0.010 mole)
gave the intermediate 3,5-dichloro-N'-[4-{octyloxy)benzoyl]benzohydrazide (25 g, 60%
yield). Cyclocondensation of the intermediate 3,5-dichloro-N'-[4-(octyloxy)benzoyl]-

10 benzohydrazide (16.0 g) with POCl; (83 ml.) gave 2-(3,5-dichlorophenyl)-5-[4-
(octyloxy)phenyl]-1,3,4-oxadiazole (11.16 g, 73% yield).

Example 7: Synthesis of 2-(3.5-Dibromophenyl)-5-f4-(octyloxy)phenyl]-1,3.4-

oxadiazole

Br
Br

=N

15 CgH,,0

By the general method for the synthesis of 2-(2,5-dibromophenyl)-5-{4-
(octyloxy)phenyl]-1,3,4-oxadiazole in Example 3, the reaction of 3,5-dibromobenzoyl
chloride (20.13 g, 0.06747 mole) with 4-octoxybenzoyl hydrazide (17 g, 0.06747 mole)
gave the intermediate 3,5-dibromo-N'-[4-(octyloxy)benzoyl]benzohydrazide (12.87 g,

20 36% yield). Cyclocondensation of the intermediate 3,5-dibromo-N'-[4-



25 WD 2004/ 096948 PCT/ US2003/ 032047 -95 Exanple 5: Synthesis of

2-(2,5-D chl orophenyl)-5-(9, 9-di octyl -9Hfl uoren-2-yl)- 1, 3, 4-oxadi azole Cl
Cc  -~J OVON@Getdd¥s CBHL7 5 Part A Synthesis of PCT/US2003/032047
2-Bromp-9, 9-di octyl fluorene A 3L flask fibged with a nechanical stirrer was
charged with 2-bronofluorene (45 g, 183.6 nmmole) and 150 nL DMSO. Under a
N2 at nospher X éo ) pl@;tglli—( SPIYS | Aapds 2. 72 g of
benzyl tri et hyog@nﬁoﬁm c}ﬁggﬁiggﬁ%%ﬂg‘g@%ﬁq%g&gg nmo é). T%Fés)&maggssti rred for
2h at RT. W thbrpingpheud)-Adéiestyloal)pbeivk |.Ag; oxnadie@oledbyRlg 62%diel@B4. 96 g, 440
mol e) was added via a dropping funnel (exotherm. Stirringwas continued
for 2 hours. To the reaction m xture was added 500 nL of a 1:1 m xture of
wat er/ et her, Bigohles: Syt of 2Y85-G8PahapiRthvhoslj3ves washed successivel y
with brine and then water. Dryirng over nagnesium sul fate and evaporati on of
the sofvent kjsiwlinarompsthybphensilkb8idenvadipzelet urm chr omat ography (silica gel;
hexane as the 15 nobile phase) gave 67 g (78%yield) of

2-brono-9, 9-dioctylfluorene as a pale oil. __Part B: Synthesis of

9,9-Dioctyl -9H-fl uorene-2-carboxylic Agid p a flask fitted with a
nitrogen inlet and rubber septum were intredyced 2-

brono-9, 9-di octyl fluorene (34.18 g, 72.8 Mol Nand dry tetrahydrofuran (300
m.). 20 The solution was cooled to -60 C and n-butyl lithium(29.1 nL, 2.5M
in hexanes, 72.8 mvl e) added via a syringe. HA€ reaction m xture was
observed to turn red. After stirring for 1 hqur at -60 C, the reaction

m xture was poured onto powdered dry-ice a ft to stand overnight. The
mxture was acidified with 1M HO and extfached \(%:th chl oroform The

chl orof orm extract was washed with water, Uried r magnesi um 25 sul fate

and concentrat ed t]§)y gllevg%nttargfm% od of Part B O%IE!x'ample 1, the reaction of methyl-3,5-

bis(trifluoromethyl)benzoate with 98% hydrazine gave the intermediate 3,5-
bis(trifluoromethyl)benzoyl hydrazide. By the general method of Part A of Example 2,
10 the reaction of 3,5-dibromobenzoyl chloride with 3,5-bis(trifluoromethylYbenzoyl
hydrazide in the presence of triethylamine gave the intermediate 3,5-dibromo-N'-[3,5-
bis(trifluoromethyl)benzoyl]benzohydrazide. By the general method of Part B of
Example 2, cyclocondensation of this intermediate with POCl; gives 2-(3,5-
dibromophenyl)-5-[3,5-bis(trifluoromethyl)phenyl]-1,3.4-oxadiazole.

15
Example 9: Synthesis of 3-(2,5-Dichlorephenyl)-4-(4-methoxyphenyl)-5-14-

(octyloxy)phenyl]-4H-1.2.4-triazole

Cl cl

=N

N_N
MeO

CgH,;0
Into a 1L round-bottomed flask fitted with a mechanical stirrer, reflux
20 condenser and nitrogen inlet were introduced 2,5-dichloro-N'-[4-

(octyloxy)benzoyl]benzohydrazide (40 g, 0.09146 mole, 1 equivalent), p-anisidine
(67.60 g, 0.5487 mole, 6 equivalents) and 300 mL 1,2-dichlorobenzene. Mechanical



WD 2004/ 096948 PCT/ US2003/ 032047 -96 Part C. Synthesis of

9,9-Di octyl -9H- f | uor ene- 2- car bonyl Chl ori de

9, 9- Di oct yl wettobd/asersene- 2- car boxylic acid (32.36 g, 74.5 euvis)oowasosef| uxed
in thionyl chloride (93 g, 782 nunole) for-®-hrs. Unreacted thionyl chloride
was distilled off and the residue material used w thout further
purification. S;fatledditeSHPRERsBIAliod oPmPsGIMOPRsNhotus trichloride (12.56 g,

(9, 9-dioctyl -9H-fl Uoren-2- 'yl)carbon)l | benzohydrazi de

2, 5- Di chl or obe RAdH§ drodez il dguiveleat)evpsi addt ceand) theypontemts of Hyl fask heat¢batel 80 °C for
equi val ent) were,warped . in 500 i - of - di chl or oet hane unti.l the solid
mater al had 1008 dBorih Ve e indag B S SRS ART Gkt S ligny)
chloride (one qayifyakeith)11VeS: BddestoRderifiR Mt BheSdoliti@eddl wRE ffi@fedt WP
days. The insolubles were filtered off ‘and the filtrate evaporated to give
an oil. This wasddiakdvedip acetohe ingngh bantinetvess agded iqppreeipdae soiple-£plorak ed

e Lol g 98 Y MR LB MR o AR ac ORGP R LG Ll Bl "
2-(2,5-Dichlor ngﬂddééhﬁ@ bSert gty HredihitiRsE M'hd a¥étbnd/hébtére 1ayR W AZ0! €
2,5-Dichloro-N -[(9, 9-dioctyl -9H-fluoren-2-yl)carbonyl ] benzohydrazi de (20.0
g, 32.17 mmol eXecamtedshibansid lugthethwioh p degg excepd 9f hopraae te pregpétdiefaorhi®& hr s.
The 20 reaction distilled, unti.l abqut half the volu r i ned. The pot
(faction vas copbaniaier itrbaolivstan t aehins n Tl Vi Bifiaican
stirringg The $akonh ARSdfinkhate 3 opmEdidRshaxt) At -attidphdgKanes-and the
hexane extract dried and rglgnlt;ggnt rzgt.ed. CoFue?ny )chﬁ)mat og?gp‘ﬁ? (5% et hyl
acetat e i n hexdewylogpphenyl]-48- 12.4-1isols @P 3P goB4%hkeldtesi red conpound as an
oi . WD 2004/ 096948 PCT/ US2003/ 032047 -97 Exanple 6: Synthesis of
2-(3,5-D chl orophenyl )-5-[4-(octyl oxy) phenyl | -1, 3, 4- oxadi azol e

Example 10: Synthesis of 2-(3,5-bis(4.4.5,5-tetramethyl-1.3.2-dioxaborolan-2-vl))

phenvl)-5-{4-(octyloxy)phenvl]-1,3.4-oxadiazole
15 This example describes the synthesis of 2-(3,5-bis(4.4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)) phenyl)-5-{4-(octyloxy)phenyi]-1,3,4-oxadiazole and also provides
a general method for preparing a range of useful aryl oxadlazole, triazole, and
- thiadiazole diboronic acid intermediates. The general procedure of arytboronic ester
synthesis as reported in Ranger et al., Chem. Commun. 1597-1598 (1997) does not
20 work well for this ring system due to side reactions of butyl lithium with the
oxadiazole. Good conversion can be obtained using the general procedure for making

arylboronic esters as described by Ishiyama, Murata, and Miyaura in J. Org. Chem.

1995, 60, 7508-7510.
c?l\,é
B-O
0
B
0
=N
0 , N
CBH1TO
25



Cl C -g_ N ON C8H170 5 By the general nethod for the synthesis of

2- (2, 5-di bronmophenyl )-5-[4- (octyl oxy)phenyl]-1, 3, 4-oxadi azol e in Exanple 3,
t he react W2 0B8 di chl or obenzoyl chloride (20.0 g, Gdh@:nmslie)esw th

4- oct oxybenzoyl hydrazide (25.24 g, 0.010ggol e) gave the internediate
3,5-dichloro-N -[4-(octyl oxy) benzoyl | benzohydrazide (25 g, 60% vyield).

el econaensbhaRifY phfeakl SO & 3 5l EBhRLe Ml e AR Myt Renzey!
23(3 5- ?:j chl @b{ﬁcﬂlhﬁﬂy,l&s(ﬁmbéb;llat()ﬁhﬁﬁqtbm)fm)ﬂahﬁﬂyic]:taie ,3ndflokadi azol e (11.16 g,

% yi e Exa 7. Synt
2 312 38%{1 3&&‘5@@@};11:@%@ Eejrdeyfiienyrlodus 1 Comlvetsont o on o
~ rzﬁm
2-(2,5-dibr onnﬁ’% %‘iﬁ%&g Fﬁ%f octyl’%j)01 (F? ?wl% g édnga azo ngef ?lltr enrr%tl e 3,
the reaction 8@1’(. BorSHdhrkr @rﬁd@@nczlmgl, 1hecrhduubﬂondmx(1ﬂ®1slp&ug:d dudEé4vaterpihe) W th

4- oct oxybenzoyl hydrazi de 0. 067&2 nol e) g]gve t e |nterrred| ate
3, 5- di br omp- RGUEAS (HiEf §¥iE EWE&WP% BRI AS £ n@fié BEOIRPINCHEYERES, yi el d) .

cl ocondens t At /
9CT/ 152003/ og%%’so‘%%‘gﬁé“ltﬂﬁ%‘w en°§’8§ﬁ5 g‘lésﬁfz“ggmd&% fhﬁree (12(&%@ aQ?&i%‘{f&a
POC13 (63 rrL)bega\oﬁ)ezralﬁcﬁath to yield the desired 2-(3,5-bis(4, 4 5,5-tetramethyl-1,3,2-

di br onophen 5-14-(octyl ox n 1, 3, 4-oxadi azol e (6.12 g, 52%yvyjeld
Exanpl epg; Y Wg[g;(gértﬁ -y )P@%P) @%B@@ﬁy@qmyg 345)){8(211(3.2016 Tgese Uengrgl ).

bi e(trd uor ongiNyl) RSB thplerrlX @EHeA4REEof arylene oxadiazole, triazole and

thiadiazole diboronic ester intermediates useful in preparing compounds of Formula 1.

Example 11: Synthesis of 2-(4-0CtVlm-pheny])_s_ll19’45‘1”]ter henvl-2’vl-
[1,3.4]oxadiazole

15

O~

=N
O_N

CgH,, 0O
2-(2,5-dibromophenyl)-5-[4-(octyloxy)phenyl]1,3,4-oxadiazole (3.0 g) from

Example 3, phenyl boronic acid (2.2 g, ), and NaHCOs (3 4g, ) were mixed together
with ethylene glycol dimethyl ether 60 mL and water 60 mL. The mixture was purged

20 with nitrogen for an hour after which 0.35g of (Ph3P),Pd was added and the reaction
was refluxed under nitrogen for 20 hours. After the reaction was cooled down, the
aqueous layer was separated from the organic layer and washed with toluene. The
combined organic layers were washed with water twice, then dried with Na,SO,. After
the drying agent was filtered away, the organic layer was evaporated to dryness. The

25 residue was recrystallized from ethanol 3 times to give a gray solid as the product
(2.0g, 67% yield).



Br Br q - CF3r CF3 By the general nethod of Part B of Exanple 1, the
reaction of nethyl-3,5- bis(trifluoronethyl)benzoate wth 98% hydrazi ne gave
t he i nt er nteWOe eS8 bi s(trifl uoromethyl)benzoyl hydrazi geriBysshisogener al
met hod of Part A of Exanple 2, 10 the reacigran of 3, 5-di bronobenzoyl
chloride wwth 3, 5- bls(trlfluoronethyl)benzoyl hydrazide in the presence of
triethylam ne e

bi s(trifluorore el '

of Example 2 oqtvlﬁkmdﬂmaﬁﬂmmiazbm S i nt er msdl at e with POC13 gl ves
2-(3,5- dibromophenyl)-5-[3,5-bis(trifluoronethyl)phenyl]-1, 3, 4-oxadi azol e.
15 Exanple 9: Synthesis of 3-(2,5-Di chlorophenyl
(octyl oxy) phenyil -4H1,2,4-triazole C CI -N /
1L round-bottoned flask fitted with a nechanical‘il|r§§{ reflux 20
condenser and nitrogen inlet were introduced 2 ) ro-N -[4-

(octyl oxy) benzoyl ] benzohydr azi dgH(40.qH,,0. 09146 -Ie;k@TeqU|vaIent),
p-anisidine (67.60 g, 0.5487 nples 6 _equivalénts) and 300 nL

1, 2-di chl or obenzene. Mechani ca ’ 6948 PCT/ US2003/ 032047 -99
stirring resulted in partial sola2 ' sol ids. Phosphorus trichloride
(12.56 g, 0.0146 nole, 1 equivalent) was add.or@nd the contents of the
flask heated at 180 C for 12 hrs. The sol ven} Vas distilled off under a

| i ght vacuum and the residue transferred to 2

&
=X &

N MO C8 H170 Into a

CH,,0

Part A: Synthesis of 2-(4,4.5.5-tetramethyl-1.3,2-dioxaborolan-2-v1)-9.9-

5 dioctylfluorene.

2- (4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-9,9-dioctylfluorene was
synthesized from 2-bromo-9,9-dioctyl-fluorene (Part A of Example 5) by the general
procedure of arylboronic ester synthesis as reported in Ranger et al., Chem. Commun.
1567-1598 (1997) and described in Example 19.

10
Part B: Synthesis of 2-[3,5-Bis-{9,9~dioctyl-9H-fluoren-2-yl)-phenvl]-5-(4-octyloxy-
phenyl)-[1.3 4]oxadiazole

Into a flask was introduced 2.8 mL of toluene, 2-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-y1)-9,9-dioctylfluorene (0.80 g, 1.5 mmol), 2-(3,5-dibromophenyl)-5-

15 [4-(octyloxy)phenyl]-1,3,4-oxadiazole from Example 7 (0.375 g, 0.7 mmole),
Aliquat™ 336 (0.15 g, 0.4 mmol) and 1.4 mL of aqueous 2M Na,COs. This was N,
purged for 1h. The flask was heated to about 80 °C and tetrakistriphenylphosphine
palladium (0) (12 mg, 0.01 mmol) then added under a nitrogen purge. The content of
the flask was refluxed for 21 hrs. The reaction flask was allowed to cool to RT and

20 about 5 mL water added and the organic layer separated. The aqueous layer was
extracted with 3 x 15 mL ether. The organic layers were combined and washed
successively with saturated NaCl twice and then dried over MgSO,. Concentration

gave an oil that was purified by flash chromatography (eluent: 10% ethyl acetate in



a 2L flask wwth IL of a 1:1 acetone/ heptane m xture. The solid material was
filtered off 5 and di ssolved in acetone. Enough heptane was added to

preci pi t at WOZUHpMHE- col ored oily sludge. Heptane dil ut ponusiooaoiest sanpl e
of the acetone/ heptane | ayer ensured thatigsthe oily sludge had been
conpletely precipitated. The acetone/ heptane | ayer was decanted off and
diluted furt t

ol i d. Thi 5 waa PP 5P FAFERT Tyl 0 Tb ARG PO st LTSS Wi i
hept ane. 10 FBis#($ &tdionyla®d-fbhoywinAzryhaphenyl]l-5-(4-octyloxy-phenyl)-[1,3,4Joxadiazole.

3- (2, 5-di chl orophenyl ) - 4- (4- met hoxyphenyl ) -5-[ 4-

(octyl oxy)phenyl]-4H1,2,4-triazole (16 25 g, 34%yield). Exanple 10:
Synthesis of g v ) . )
phenyl ) -5-[4-T0cC
t he syn$hesi somloz_{g QEQ;E} §|15§4]c4sg61359 et r amet hyI 1, 3,2 di oxabor ol an-2-yl))
phenyl)-5-[4-(octyl oxy) phenyi]-1, 3, 4- oxadi azol e and al so provides a general
nmet hod for preparing a range of useful aryl oxafiagole, triazole, and

t hi adi azol e di boronic acid internedi ates. The genetral procedure of

aryl boronic ester synthesis as reported in Rang %5%@' , Chem Conmun.
1597-1598 (1997) does not 20 work well for t4 g sy'stem due to side
reactions of butyl lithiumw CiH{hec xadi azge! GahH, conversion can be
obt ai ned usi ng the general progcegtre ki ng aryl boronic esters as
descri bed by |shiyam, Mirata : J. Og. Chem 1995, 60,
7508-7510. B-O 0 -N 0 C8H170 6948 PCT/ US2003/ 032047 -100

4

Fol l owi ng this general procedure —N
2- (3, 5- Di bronophenyl ) - 5-[ 4- (octyl oxy) phenyl }5 1,3, 4- oxadi azol e,

bi s( pi nacol at 0) di boron, potassium acetate, ang [1,1'-

bi s(di phenyl phosphi no) -ferrocene] di chl oropal Ladi um (1) (conplexed 1:1 with
di chl orrnethane - Aldrich, 0.089 g, 0.1 mo are reacted i n DMSO under
nitrogen at

CeH,,0

Part A: Synthesis of 2-Bromo-9_ 9-dibutylfluorene.

2-bromo-9,9-dibutylfluorene was synthesized from 2-bromofluorene and 1-
bromobutane following the general procedures outlined in Part A of Example 5.
10
Part B: Synthesis of 2-(4.4.5.5-tetramethyl-1.3.2-dioxaborolan-2-y})-9,9-

dibutyifluorene
2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9,9-dibutylfluorene was

synthesized from 2-bromo-9,9-dibutylfluorene by methods described in Part A of
15 Example 12.

Part C: Svnthesis of 2-[3,5-Bis-(9,9-dibutyl-9H-fluoren-2-vl)-phenvl]-5-(4-octyloxy-
phenyl)-[1.3.41oxadiazole
Using procedures outlined in Part B of Example 12, 2-(4,4,5,5-tetramethyl-
20 1,3,2-dioxaborolan-2-y1)-9,9-dibutylfluorene (1.88 g, 4.6 mmol) and 2-(3,5-

dibromophenyl)-5-[4-(octyloxy)phenyl]-1,3 4-oxadiazole from Example 7 (1.13 g, 2.2
mmole) are reacted to give the corresponding 2-[3,5-Bis-(9,9-dibutyl-9H-fluoren-2-yl)-
phenyl]-5-(4-octyloxy-phenyl)-[1,3,4]oxadiazole.



5 80C for 18 hrs. After cooling, the reaction mxture is poured onto ice

wat er, the aqueous |ayer extracted three tinmes with nmethylene chloride, the
conbi ned or y&rdoe4/09948ct i ons washed with brine, dried over peagresiszuasosul f at e,
filtered through a thin silica bed, rotoeygporated to yield the desired
2-(3.5-bis(4,4,5,5- tetrarrethyl 1,3,2- di oxaborol an- 2 yl))

t hi adi azol e di baﬁzmm-mheﬂirlmfl Bﬂﬂmaﬂmhomes useful in pr eparl ng corrpounds of
Formula 1. Exanple 11: Synthesis of

2- (4-octyl oxy-phenyl)-5-[1.1'",4",1"lIterphenyl -2yl - [1, 3, 4l oxadi azol e 15 N
O N CBH10 2-(2, 5-di bronophenyl ) -5-[4- (octyl oxyjphenyl ]1, 3, 4- oxadi azole (3.0
g) from Exanple 3, phenyl boronic acid (2.2 g, aHCO3 (3.4g,) were
m xed together wth ethylene glycol dinethyl eth il and water 60 ni.
The m xture was purged 20 with nitrogen for an ho er which 0.35g of
(Ph3P)4Pd was added and the reaction was refl under nitrogen for 20
hours. After the reaction was ceghed down, the ueous | ayer was separated
fromthe organic | ayer and was The conbi ned organic | ayers
were washed with water tw ce, 2804. After the drying
agent was filtered away, the organic haye as/evaporated to dryness. The 25
residue was recrystallized fro tg give a gray solid as the
product (2.0g, 67%yield), WO 4/ 096948 PCT/ 003/032047 -101 Exanple
12: Synthesis of 2-f3,5-Bis- (9,9 di octyl - oH- f | Jopdh- 2- yl ) -phenyl]-5-(4-
octyl oxy- phenyl)-[1, 3, 4] oxadi azol e C8Hn 4CBH C8H17

CgH,,0
5 Part A: Synthesis of 4-bromophenyl-9H-carbazole

Following the general procedure for the ligand accelerated catalysis of Ullmann
condensation as described by Goodbrand and Hu in J. Org. Chem. 1999, 64, 670-674,
herein incorperated by reference, carbazole (14.77 g, $8.4 mmol), 1-bromo-4-
iodobenzene (25.00 g, 88.4 mmol), 1,10-phenanthroline (0.6365 g, 3.3145 mmol),

10 cuprous chloride (0.3128 g, 3.2145 mmol) and potassium carbonate (95.38 g, 691.12
mmol) were mixed with 70 mL of dry toluene. The solution was purged with nitrogen,
heated to reflux under nitrogen for 82 hrs, cooled to room temperature, followed by
water wash, filtration, drying over magnesium sulfate, and evaporation to dryness.
Recrystallization from ethylacetate gave 18.5 grams of a 70:30 mixture of 4-

15 bromophenylcarbazole and 4-iodophenylcarbazole, which was used without further

purification.

Part B: Svnthesis of 4-(4.4.5.5-tetramethyl-1.3.2-dioxaborolan-2-y1}-phenyl-9H-

carbazole

20 Following the general procedure for making arylboronic esters as described by
Ishivama, Murata, and Miyaura in J. Org. Chem. 1995, 60, 7508-7510, 4-bromophenyl-
9H-carbazole (1.089 g, 3.3 mmoles), bis{pinacolato)diboron (0.922 g, 3.6 mmoles),
potassium acetate (1.062 g, 11.0 mmoles), and [1,1’-bis(diphenylphosphino)-
ferrocene]dichloropaltladiom (1) (complexed 1:1 with dichlormethane — Aldrich, 0.089



O- Ni CBHlr70 Part A Synthesis of

2-(4,4,5,5-tetranet hyl -1, 3, 2-di oxahorol an-2-yl)-9,9 5 dioctylfluorene. 2-
(4, 4,5, 5- Pe@e@Eaoedyys - 1, 3, 2- di oxaborol an-2-yl) -9, 9-di oct ypd/UHENS210¥aS

synt hesi zed from 2-brono-9, 9-di octyl -fl uofgne (Part A of Exanple 5) by the
general procedure of arylboronic ester synthesis as reported in Ranger et

., Ch Ca -15 j ' 10 Part B:
gy nt hes;arsn of grzrgi[{ %i@okgz&f é ’85‘8%9 g?@h@%ﬂﬁy%&%ﬁf}t% Eﬁ%@#%dé%&- oct 3 Ir oxy-
phenyl) - 11, 3, Mireseadindzehed Lnde nitrddeasik SOWISior 18 hexd usédr GhoBnplihoteat@bdiene,

2-(4,4,5,5-tetranet hyl -1, 3, 2- di oxabor ol an- 2-Iyl )-9, 9-di octyl fluorene (0.80
g, 1.5 mol) ,mglmgy@s@plﬁpg%tﬁﬁ%ypl)er,ghe gagreous Jayer extracted thre€ times with

[ 4- (oct yl oxy) = 4 122 & ol HEtx%gp,\l, - 0. 1er)l e),
Ali quat T™M 336IH %ﬁﬂ%ﬁé 8'?“’%“.1‘27‘%% and&igﬂg% 0 aqﬁg%du‘ggaﬁﬂaﬁ%%& IS was
N2 purjed fanadresivihelfitcafkerndshrbestt ethid gliabbad, aBdrd@oanporated to yield 1.02 g

t et raki stri phenyl phosphi ne @al%gdi_um (0021 (12 g&g O.é)}gi nmol ) t hen added
under a nit r SYéntdgti? gactramh ot et ospordae2 v adeniad cabagile £4% o)) hr s.
The reaction flask was allowed to cool to RT and 20 about 5 nL water added
and the organic | ayer separated. The aqueous | ayer was extracted with 3 x
15 nL et her. PneCoSwnimst df a3-€3.S Bie(gheaoivbyheHd-caridzuleshechyilsirctosislokel y wit h

saturated NaCl tw ce and then dried over MgSO4. Concentration gave an oil
t hat was pur B3 3ployadiag mat ogr aphy (eluent: 10% ethyl acetate in WO

2004/ 0RFO4S PCT! USRROZHARAIATrursdkREy DEHANG)oRMe, dla6rl 35eiindlb- HAder vacuum
for 30 mnutes to ‘give 0. grans o -3, 5-
Bi s- (9, 9- di oatiytat8tbiid-Bol)eN-fReyyl}arbheiy(2]0 5-F 4 nondly, 1 208y5-gibenydphehyl]-5344]
oxadi azol e. Exanple 13: Synihesj s of ,
213, 5 Bi 5- ( SOSVHPBURGIYIBTA N | SOREHOR Y7 FnEin T (53 8 26 mmole), Aliguat™
octyl oxy- phemple)nish3--4 xAdbart § ndb¥ aqueous 2M Na,CO;. This was Np purged for 1h.
The flask was heated to about 80 °C and tetrakistriphenylphosphine palladium (0) (94

15 mg, 0.081 mmol) then added under a nitrogen purge. The content of the flask was
refluxed for 21 hrs. The reaction flask was allowed to cool to RT and about 20 mL
water added and the organic layer separated. The aqueous layer was extracted with 6 x
10 mL methylene chloride. The organic layers were combined and washed
successively with saturated NaCl twice and then dried over MgSQOy4. Concentration

20 gave a solid that was purified by recrystallization frém 50:50 methylene
chloride:hexanes to give 1.3g of 2-[3,5-Bis-(phenyl-4-yl-9H-carbazole)-phenyl]-5-(4-
octyloxy-phenyl)-[1,3,4]oxadiazole.



| 11 CaH i

CHaHO Ne-N CSHL70 Part A Synthesis of

2-Brono-9, 9-di butyl fl uorene. 2-brono-9, 9-di butyl fl uorene was synt hesi zed
from 2- br oneid woreaesand 1- bronobutane foll owi ng the genetaluspsRoeys es
outlined in Part A of Exanple 5. 10 Part Bjg&ynt hesis of

2-(4,4,5 5-tetranethyl -1, 3, 2- di oxaborol an-2-y1)-9,9= di butyl fluorene

2-(4,4,5,5- tetpa
synt hesi zed fr ofF

of 15 Exanpl eplhé’nv]PBr(ﬂ othl(Swﬂﬂilﬁﬁfl)SFlCﬁ 4]oxadlazole

L6290,

Vis.ls

2-[3,5-Bis-(9,9-di butyl-9Hfluoren-2-yl)-phenyl|-5-(4-octtloxy- phenvl)-f

1, 3, 41oxadi azol e Using procedures outlined in Part B of Exanple 12,

2-(4,4,5,5-tetranet hyl - 20 1, 3, 2-di oxabo@fﬁbg an- Z{Qﬂ) 9, 9-di butyIquorene

(1.88 g, 4.6 mmol ) and 2- (3 5-

di br omophenyl ) - 5-[ 4- ( d4; oxy)phenyl]g,S 4- oxadlf@ol e from Examage 7 (1.13
|

g, 2.2 mole) are reacted. to give th
2-[3,5-Bis-(9, 9-di butyl - uqren- 2
1, 3, 4] oxadi azol e. WO 200410 6948 PCT/

correspond{ ng

5-(4-9 t_)/_é?(y-phenyl)-[

Synt hesis of 2-[3,5-Bis-(phenyl-4-yf-9H carbazol e) - phenyl | - 5- (4-
e \

octyl oxy- phenyl) [1, 3, 4l oxadl
Synt hesi s of

10

15

20

4- br omophenyl -

CgH,,0

Part A; Svnthesis of 2-bromo-9.9-his(3.6-dioxaheptyl)-fluorene.

2-Bromo-9,9-bis(3,6-dioxaheptyl)-fluorene was synthesized from bromo-2-(2-
methoxyethoxy)ethane and 2-bromofluorene by methods described in Part A of

Example 5.

Part B: Synthesis of 2-{(4.4.5,5-tetramethyl-1.3.2-diogaborolan-2-y1)-9.9-bis(3.6-

dioxaheptyD)-fluorene.
2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-9,9-bis(3,6-dioxaheptyl)-

fluorene was synthesized from 2-bromo-9,9-bis(3,6-dioxaheptyl)-fluorene by methods

described in Part A of Example 12.

Part C: Synthesis of 2-[2.5-Bis-{9.9- bis-(3,6-dioxaheptyl)-9H-fluoren-2-yl }-phenv!]-3-

(4-octyloxy-phenyl)-11.3 4loxadiazole.

Following the general procedures for Part B of Example 12, 2-{2,5-Bis-{9,9-
bis-(3,6-dioxaheptyl)-9H-fluoren-2-yl} -phenyl]-5-(4-octyloxy-phenyl)-
[1,3,4]oxadiazole is prepared by reaction of 2-bromo-9,9-bis(3,6-dioxaheptyl)-fluorene
with 2-(2,5-dibromophenyl)-5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole from Example 3.
The resulting product can be shown to give rise to photeluminescence and to form films
that can be thermally transferred to ionically conducting polymer films such as PEDT
(poly(3,4-ethylenedioxythiophene); CH-8000 from Bayer AG, Leverkusen, Germany).

A



Fol l owmi ng the general procedure for the ligand accel erated catal ysis of

U I mann condensati on as descri bed by Goodbrand and Hu in J. Og. Chem

1999, 64, W0PQEW@P4648 herei n i ncorporated by reference, cardresles(zid777 g,
88.4 mmvol ), 1-brono-4- iodobenzene (25.00)a. 88.4 mmol), 1,10-phenanthroline
(0.6365 g, 3.3145 nmol), 10 cuprous chloride (0.3128 g, 3.2145 mmol) and

pot assi um carbonate (95.38 g, 691.12 mmol) were mxed with 70 m - of dry
tol uene. The sol ution was purged mﬁth nitrogen, heated to reflux under
nitrogen for B Islﬁc hﬂdasiscz- dicatyl+7e(plenll-dwedn\WN.Nvdiphenydas h,
filtration, ] i to dryness.
Recrystall|z.- R - S £0/%: 30 mixture of 4
15 bronophenylcarbazole and 4 |odophenylcarbazole mhlch was used without
further purification. Part B: Synthesis of 4-(4
4,5,5-tetranethy|-1,3,2-dioxaboro|an-2-y|)-pheny|-9F+§:§%bazole 20 Fol | ow ng

t he general procedure for naking aryl boronic esters & scri bed by

| shiyama, Mirata, and Myaura in J. Org. Chem 1995, : ﬁ_ggzé

4- br omophenyl - 9H carbazole (1.089 g, 3.3 muol es), bi s(pi to)dlboron
(0.922 g, 3.6 mmol es), potassiumacetate (1.062 g, 1 mol es), and

[1, 1" - bi s(di phenyl phosphi no)- ferrocene]dichl oropal | ao n (11) (conpl exed
1:1 with dichlornmethane - Aldrich, 0.089 WO 2004/ 096943 PCT/ US2003/ 032047
-104 g, 0.1 nmoles) were mxed in 20 nL of DMSO The sol ution was purged

with nitrogen and heated under nitrogen at 80C for\_1§ hrs. After cooling,
the reaction mxture was poured onto ice water, t Y| us |l ayer extracted

three times with net ene chl oride, the conbi @ lré‘lc;’c”fracti ons washed
with brine, dried ov nagne5|uﬁﬁﬁyl : iltered tHbugh a thin silica

bed, and rot oevapor at
4-(4,4,5,5-tetranet hyl -

yield). Part C Synt
2-f 3, 5-Bi s- (phenyl - H- car bazol e) - phenyl | - 5-Y4f0ctyl oxy- phenyl)-]
1, 3, 4l oxadi azol e. 10 0 a flask was introduceg 1Q, nL of tol uene,
4-(4,4,5,5-tetranmet hyl -1, 3, 2- di oxabor ol an-2-yl ) -¥ phenyl carbazole (2.0 g,
5.4 mmol ), 2-(3,5-dibronophenyl)-5-]4-

phenyl - 9H- car bazol e (84%

5 CgH,,0
Part A: Svnthesis of 2.7-Dibromo-9,9-dioctyl-fluorene.
2,7-Dibromo-9,9-dioctyl-fluorene was made as described in Ranger et al., Can.
J. Chem., 1571-1577(1998).
10 Part B: Synthesis of 2-{9.9-dioctyl-7-(4.4,5.5-tetramethyl-1.3,2-dioxaborolan-2-y1)-9H-
fluoren-2-y1]-4.4.5,5-tetramethyl-1,3,2-dioxaborolane.
2-[9,9-dioctyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-9H-{luoren-2-
y11-4,4,5,5-tetramethyl-1,3,2-dioxaborolane was made from 2,7-dibromo-9,9-dioctyl-
fluorene as described in Ranger et al., Chem. Commun. 1597-1598 (1997).
15

Part C: Synthesis of 4-bromo-N,N-diphenvlaniline

4-Bromo-N,N-diphenylaniline was made as described in Creason et al.,

J.Org.Chem. 37, 4440-4446 (1972).



(octyl oxy) phenyl | -1, 3, 4- oxadi azole from Exanple 7 (1.31 g, 2.6 mmole),
AliquatTM 336 (0.521 g, 1.3 nmml) and 5 nL of aqueous 2M Na2CQ3. Thi s was
N2 purged f @O tdos/096Fkee fl ask was heated to about 80 C and pcr/us2003/032047
tetraki stri phenyl phosphi ne pal | adi um (0) (94715 ng, 0.081 nmol) then added
under a nitrogen purge. The content of the flask was refluxed for 21 hrs.

The reaction fﬁaﬁ%\l@ ntﬁ‘ésisoélfecid
and the organi e ]

10 nmiL et hyl en@}pﬂh@emgazn -Fhe- d@ﬂ;}g@xmaﬁﬂim@yers wer e conbl ned and vvashed
successively with saturated NaCl tw ce and then dried over

Concentration 20 ga?eBmpoNiNdimgaylgading (1944 &S0pmpeker &t %rllglgqcﬁ)étﬂ‘@raﬂaf Pom

30 30 B Y o Rty 1 AEKARE R SR IR O 14 .5 Srtctrametl 1 5.2
1, 3, 4] oxali aZO|d%xaU‘@oEiﬂ@476)@§9ﬂéﬁ) BﬁM@SRQ@@t@Bercapiﬁﬁln@cﬁﬁmhﬁmihﬁm

Synt hesis of 2-[2,5-Bis-{9,9- his- (ZMG di oxaheptyl)-9H fl uoren-
pheny! | -5-(4 o&hlprigk)Ogh olf[)ﬂné sochgnaatiopate spletign ki 3l i@bﬂ@ml@ WETCH3

O00O0O0--/-- ?‘%edéo ﬁjg )?lﬂ'hbf 0 e)n@ﬁﬁl}g)\\és g@[cted ’%’xth%/s'&tegﬁsdf%u%gen for about 30

2- brono-9, 9- b IS
2- Bromp- 9, 9- bi 34id, ﬁnaﬁr@mﬂf@mﬁu}ge‘ taamuggmlpﬂm@pmﬁ@lmﬁddmmm 34a e, 21.1(2-

nmet hoxyet hoxy) et hane and_2- br onof | uor ene met hods described in Part A of
Exanple 5. 10 pxgppleg\vagg,c}dpﬁe'glpesregtftlon mixture was then refluxed for 16 hrs. The reaction

gi f)jaﬁeg% yI ; e]E {vﬁa@%&&%h tc}‘ro%nlzte%p%ﬁ%lﬁg 85 %te% awie)d %hg ogaﬁfc‘?la&er was separated and

2-(4, 4,5, 5-t et naRBédwyith dals 2olthvesdbobiiea Drdiny b the,cDedmis3etovet D@l ) -

evaporation of the solvent gave a light yellow solid. This was suspended in acetone and

the mixture brought to reflux and then allowed to stand at room temperature overnight.

Filtration of the solid and concentration of the filtrate gave a solid that was subjected to
15 column chromatography (toluene:hexane 3:7) to give 4-[9,9-dioctyl-7-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yl)-9H-fluoren-2-yl]-N,N-diphenylaniline.

Part E: Svynthesis of 2-[3.5-Bis-{9,9-dioctyl-7-(phenvyl-4-amino-N.N-diphenyl)-9H-

fluoren-2-y1} -phenvl]-5-(4-octyloxy-phenyl)-[1,3.4]Joxadiazole.
20 2-[3,5-Bis-{ 2,9-dioctyl-7-(phenyl-4-amino-N,N-dipheny!)-9H-fluoren-2-yl } -

phenyl]-5-(4-octyloxy-phenyl)-[1,3,4]oxadiazole is prepared by reaction of 4-[9,5-
Dioctyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9H-fluoren-2-yI]-N,N-
diphenylaniline with 2-(3,5-dibromophenyl)-5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole
(2.2 mmole) from example 7 under conditions as outlined in Part B of Example 12.

25 The resulting product can be shown to give rise to photoluminescence and to form films

that support both hole and electron transport in OLED compositions.



fluorene was synthesized from 2-brono-9, 9-bi s(3, 6-di oxaheptyl)-fluorene by
nmet hods described in Part A of Exanple 12. 15 Part C. Synthesis of

2-[ 2, 5- Bi sWPBLo9H8- ( 3, 6- di oxaheptyl )-9H-f | uor en- 2-yl } - pyewyidos/Bs2047
(4-octyl oxy-phenyl)-f 1,3, 4l oxadi azol e. Hagjgl owi ng the general procedures for
Part B of Exanple 12, 2-[2,5-Bis-{9,9- bis-(3,6-dioxaheptyl)-9H fluoren-2-yl
} - phenyl ] - 5- (-, I . '
of 2-brono-9,
2- (2, 5-di br ol

¢ : ] . 0:f Bdiddacidadoleom Exanpl e
3. The resultl ng product can be shown to g| ve rise to photol um nescence and
to formfilns that can be thermally transferred t§ i oni cally conducti ng

polymer filnms such as PEDT (poly(3, 4-ethyl enedi ox
Bayer AG Leverkusen, Germany). WO 2004/096948 PCT/ UZ
Exanmpl e 16: Synthesis :
2-[3,5-Bis-{9,9-dioctyl -7-(phenyl -4-am no- N, N-di phenyl ) -

9H- fl uoren-2-yl | - phenyl | - 5- (4-octyl oxy- phenyl )-11/3,%loxadi azole. \ / N\ /
/ \ CBH'" C8H17/ C8H17 -1 CBHt7 N /-\ -N O, N H'O Part A Synthesis
of 2,7-D brono-9,9-dioctyl-fluorene. 2,7-D bronp ‘ §,Qctyl fl uorene was
made as described in Ranger et al., 1-1577(1998). 10 Part
B: Synthesis of CF,
2-(9,9-dioctyl-7-(4,4,5,5-
fluoren-2-yll-4,4,5 5-tetr

i ophene); CH 8000 from
3/ 032047 -106
&,

b.etr a L gxabor ol an-2-y|)-9H—

@ ‘ @ ol ane.

CF N
O __N
CFS CF,
5 Part A: Svnthesis of 2-{7-[3.5-Bis(triflucromethvlyphenvl]-9,9-dioctvl-9H-fluoren-2-

v11-4.4.5.5-tetramethyl-1.3.2-dioxaborolane and 2.7-Bis[3,5-.

bis{trifluoromethvl)phenyl}-9.9-diocivl-9H-fluorene.

3,5-Bistrifluoromethylbromobenzene (0.293 g, 1 mmole), 2-[9,9-dioctyl-7-

(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-SH-fluoren-2-yl}-4,4,5,5-tetramethyl-

10 1,3,2-dioxaborolane from (1.28 g, 2 mmole), Aliquat™ 336
(tricaprylylmethylammonium chloride) (0.15 g, 0.375 mmole) and 2M sodium
carbonate solution (1.25 mL, 2.5 mmole) were added to 10 mL of toluene. This was
purged with a stream of nitrogen for about 30 min. Under a nitrogen purge,
tetrakis(triphenylphosphine) palladium (0) (14 mg, 0.012 mmole) was added. The

15 reaction mixture was then refluxed for 16 hrs. The reaction was cooled to room
temperature and water added. The organic layer was separated and washed with water,
followed by brine. Drying of the organic layer over Na,SOy4 and evaporation of the
solvent gave a light yellow solid. The solid was dissolved in ether, and a small portion
of it was applied on a silica thin layer chromatography (TLC) plate. The TLC plate

20 was eluted with 1:1 toluene:hexane to give three distinctive bands. The middle band
was collected and was determined to be 2-{7-[3,5-bis(trifluoromethyl)phenyl]-9,9-
dioctyl-9H-fluoren-2-yl1}-4.4,5,5-tetramethyl-1,3,2-dioxaborolane obtained as a light
yellow oil (28 mg). "HNMR: § 0.53-0.69 (n, 4H), 0.78 (t, 6H), 0.96-1.29 (m, 20H),



2-[9,9-dioctyl-7-(4,4,5,5-tetranet hyl -1, 3, 2-di oxaborol an-2-yl )-9Hfl uoren-2
yl]-4,4,5 5-tetranethyl -1, 3, 2-di oxabor ol ane was nade from

2, 7- di br ono ¥} Bodivwessyl - fl uorene as described in Ranger etctabs2003@38a0y
Conunun. 1597-1598 (1997). 15 Part C. Synth EIS of

4- br ono- N, N-di phenyl aniline 4-Br orm N, N- di phenyl ani |l i ne was nmade as

2004/ 096048 PCH Dasoba0bgb T aSUREE b 10, ikl Gy 72780 an B, 7.50-

4-19, 9-Di octyl 783(f, 81D, 6% ¢, QHDfETheVbarﬂi HavArgdhoxrbesallaforldiytaice was collected
9H-f | uoren-2-yl | -N, N-di phenyl ani | i ne 4-Bronp-N, N-di phenyl ani | ine (19.44 g,
60 mmole), 2-] gn@wms geieimingd fybesthg by-product 2.7- bis[3,5-bis(trifluoromethyl)phenyl]-9,9-

525 i oxabor SC (7 geg: Ot WIRRE 4 g f ik 2 bR

(tricapryyl rretd,hyltammﬁmaﬂll oeé de) 2199 1.93%. ntnah e)H)ando2(v 3ldyi/a6 @aripnat e
solution (75 nmL, 150 mmole) were added to 600 nL of toluene. This was
purged with a Jt30dntBt 8itEHBh for about 30 min. Under a nitrogen purge,
tetraki s(triphenyl phosphi ne) palladium (0) (348 ng, 0.30 mole) was added.
The reaction mxture was then refluxed for 16 his. The reaction 10 was

cool ed to roomPagrmes aithisses Erd[3wRBer {Beldedty] The . Hbgariflcodoawsiyl \whsnyd BpHr at ed

and washed with vvater fol | owed by br| ne. Dryi ng of the organic |ayer over
Na2SO4 and evalyereari-gh-plie pegpy iy L. 4lexadigtolew sol i d. This was

suspendegd, i n aceton V r fA do 471 |4 owed to
st and atfbroomterrpe? Ure o{?a? ni ght 76(3gﬁ9%?%§m§ﬁl ﬁﬁe |I}g ang?hi?l’ﬁe

concentration ghedpSi(Hidcrydde- Ig&ngl)al Ssaﬂ]mxidtalaale inaEpaebjpgetadot of 15 7q0]5urm
chr omat ogr aphy (toI uene: hexane igctyl-7-(4,4
et ranet byl 1 SSECHGRaHrE b0 s % Hop P MRyl | 310 SIS IR 1 ne.

Part E: Synt he _ 1
2-[3.5-Bis-[9, Siﬁcg(égéﬁolﬁneyl?lp% e(% ;I dlEI'OIIl mphcny&? ?\l-{ 3 p s(tanor%rEEthy Jphenyl}-1,3,4-
f1uoren-2-yl } - pledigidle dadetconditions mxlym!dheﬂy:ltj}aﬁf_tll?,)aurﬁﬂ@mdl azole. 20
2-[3,5-Bi s-(9, 9-dioctyl -7-(phenyl - 4-am no- N, N-di phenyl ) - 91 f | uor en-2-yl ) -
phenyl ] -155(4 oct yl oxy- phenyl ) - [1 3, 4] oxadi azole is prepar ed by reaction of
4-19, 9- : :

D octyl-7-(4, 4,

CgH 0

20 Part A: Synthesis of PhO(CH,),0(CH»).L
PhO(CH_),O{CH,),1 was made as described in Otera et al., Bull. Chem. Soc. Jpn. 2964-
2967 (1981).



di phenylaniline with

2- (3, 5-di bronophenyl ) -5-[4-(octyl oxy) phenyl ]-1, 3, 4-oxadi azole (2.2 mole)
from exanp¥e 2y049Aekd8 conditions as outlined in Part B of pExesmbheozker 25 The
resul ting product can be shown to give rigg.to photol um nescence and to form
films that support both hole and el ectron transport in OLED conpositions.
WO 2004/ 096948 PCT/ US2003/ 032047 -108 Exanple 17: Synthesis of
2-[3,5-Bis-{9,9-dioctyl-7-(3,5-bis-trifluoronethyl -

phenyl) - 9H f | s IRIBv2thekis of Resryinkb -0 bﬁ@ﬁﬂwmw&mﬁﬂﬂ)mﬁhﬁ?) 4] oxadi azol e
CF3 / CF3 CBH17 CEF3 CBHL7 CaH17 \ C8H17 CF3 - NO CFI"" CF3 5 Part A
Synthesi s of 2-17-%Bromg)chipE- %F%VWW%@HWFG yapsythssizgd fIOM f | uor en- 2-

bis(trit T uor AS IR OXCHb Pugr SOQARRRERERR R, fhelpditd frodedure outined in

3, 5-Bi siri f | uosef Byhhplerfobenzene (0.293 g, | nnnol e), 2-[9,9-dioctyl-
(4,4,5,5-tetranet hyl -1, 3, 2-di oxaborol an-2-yl)-9H-fl uoren-2-yl]-4,4,5, 5-tetra
met hyl - 10 1, 3, 2-di oxabor ol ane from (1.28 g, 2 mole), AliquatTM 336
(tricaprylylm . [ , ) ] qdi um

car bonat e solTtior ; ‘ ‘ uene. This
was purged mﬂeﬂvlaSS(tlmeaﬂmnf-pmHnM)éngm]f)mdlf&bmt 30 min. Under a nitrogen
purge, tetrakis(triphenylphosphine) palladium (Q 0,012 mmol e) was

added. The 15 readtotlowing he gererplagoseadares fark %&%G’fh?mﬁ’@n%r% [3:9rfeisi@8ct i on

was coghed t er was

separa J<)ad an lﬁgfﬁhg&g@ﬁ{ﬁ%ygﬁgwﬁ (%Ql?ﬁ é?gﬂ%grl 3-2& %P’%ﬁglﬁlb he organic
| ayer over N2 3(Hoxmiihzeledp prephiedbyatactibe of mkmaw .hisE3, @-dloxghdxyjplehgdv sol i d.
The solid was_dissolved in ether, and rtion of it was applied on

2 S Thoa t b roEe i ShaapaeRyp s BrebteD b 6 rareaaote Hom

Example 3. The resulting product can be shown to give rise to photoluminescence and

to form films that can be thermally transferred to ionically conducting polymer films
15 such as PEDT (poly(3,4-ethylenedioxythiophene); CH-8000 from Bayer AG,

Leverkusen, Germany).

Example 19: Synthesis and Utility of N.N-diphenvl-4-(4.4.5.5-tetramethyl-1.3.2-

e
O,

dioxaborolan-2-ylaniline.

20
Following the general procedure of arylboronic ester synthesis as reported in
Ranger et al., Chem. Commun. 1597-1598 (1997), n-butyllithinm was added dropwise
via syringe to a -78 °C (acetone-dry ice cooling bath) solution of 4-bromo-N,N-
diphenylaniline (24 g, 0.074 mole) in 175 ml dry THF. Stirring was continued at -78
25 °C for an hour and then at —50 °C for an hour. The mixture was cooled to ~78 °C and 2-

isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (17.22 g, 0.0925 mole) added via
syringe in one portion. The temperature was maintained at -78 °C for three hours. The
cooling bath was removed and the reaction left to warm to room temperature while
standing for 12 hours. The reaction mixture was poured into saturated ammonium

30 acetate and extracted with ether. The ether layer was dried over magnesium sulfate and



20 was eluted with 1:1 toluene: hexane to give three distinctive bands. The
m ddl e band was coll ected and was determ ned to be

2-{7-[3, 5- bMsY2004/696%3 onet hyl ) phenyl ] -9, 9- PCT/US2003/032047

di octyl -9H-fl uoren-2-yl}-4,4,5, 5-tetranet hylil, 3, 2-di oxabor ol ane obt ai ned as
alight yellowoil (28 ng). 1HNWVR 8 0.53-0.69 (m 4H), 0.78 (t, 6H),

0.96-1.29 0 2 Q3 : . A12H),

Vor-z 11 (m e eneAE SR AYRIAR SR HRERBAON ool By iiod 7

7.88 (m 3H), 8wulbg (sth i2khne:(bhend ariduted v ﬁ@letabmbgrﬂhémsftonellmﬂ% bexaiesd a0ge
| | ected d _ to be the b

2.7- E?;[ 3, 5-bi Q?){'ap?ffﬁsgf@l%wg ﬁé?‘;mewt%m ghyééu%/? Jepiappighmens) gbting Hed,

001196 (i 358 R G5 5P mth W AaPhyitsalioed B rdich suflag, (/55

( d 4Hj 58.00 (s, 4|H)us d@arpto&nd Synbh asﬂdstocmitroduceé hole t;’ansﬁortmg ﬁ;nctmn t10 the énd

[3 5-Bis-{9, 9- d| octyl-7-(3,5-bis-trifluoronethyl- Hen yl)-9H fluoren-2yl }
-phenyl | - 5- ( 4- a?awcoswubhéﬁgrpﬁt oposs cqupling,ia an 4xdstes opgdiazole dibromide core.

2-[3,5-Bis-{9, %1@111%)%&% (sl olahgc?iri 8 LHRIATRENYle ﬁ*&%l'tla)ng%'iryﬁ hAE ity ) -

phenyl] 5-(4-octylo henyl oxa Iazole rs prepare reaction

2-{7-[3,5- bi s(kterar?h‘;pmn@m{ﬁJiémgsﬂl@?qgkﬂo%:tywaahhngbﬂmmw NubplmmyB SH-fThoren-
-4,4,5,5-tetranethyl -1, 3, 2 I oxabqr ol a
2 (3121 i br omopnbAPhoA s §-shTSo TRy irof ST R e imExarle 48 Bbinsel o
under c itio agytng ] XA I hesi s
of 2[5 B o B8 g e R S PR Botdboronhf!
2-yl } - pheny11- 5hédilioe tvythexyesp Bengibjorfid9,3; ch@ajxléﬁldomnoltcege@ra@e 4490Mi6ct@-T1- / O

00 N C8HL7 is.of Ph .20 2121. .
PhO( GH2) 20( CH2 Eqm%ggr fi%@l%nﬁgg\i wdiphepyipp ’é’fl‘é\g‘wgg‘?{f‘%meé Mith 243% n. soc.
Jpn. 2964- bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)) phenyl)-5-{4-(octyloxy)phenyl}-1,3 4-
oxadiazole from Example 10 under Suzuki coupling conditions will provide the final

15 compound of Example 16.

Example 20: Synthesis and Utility of 2.7-dibromo-9,9-bis(3.6-dioxaheptyl)-
fluorene.

20

Benzyltriethylammonium chloride (3.19g, 14 mmole, 0.077 eq) and 2,7-

dibromofluorene (59g, 182 mmole, 1 equiv.) were suspended in 178 mlL. DMSO. 50%
ageous NaOH 80 m{. was added. 1-Bromo-2-(2-methoxyethoxy)ethane (80g, 437

25 mmole, 2.4 equiv.) was then added in small portions. The reaction was stirred at room
temperature for 2 hours before it was stopped and the aqueous layer was extracted with
ether. The combined ether layers were washed with water five times and dried over
Na,;SO4. The organic layer was filtered, evaporated to dryness and the residual was
flash chromatographed on a silica-gel column to give the pure compound (73 g), in a

30 yield of 86%.



2967 (1981). WD 2004/ 096948 PCT/ US2003/ 032047 -110 Part B: Synthesis of
2-brono-9, 9- bi s( 3, 6-di oxahexyl phenyl)-fl uorene.

2- Br ono- 9,WWOB##(036988 di oxahexyl phenyl ) -fl uorene was synt hasi/esdofvom?
PhQ( CH2) 2Q( CH2) 21 and 2- bronof |l uorene fol-imM ng the general procedure
outlined in 5 Part A of Exanple 5. PartC. Synthesis of 2-[3,5-Bis-19, 9-
bi s- (3, 6-di Oxahexyiﬂi@%gﬁﬁg rﬁl%aﬁlbﬁ%'é&{‘fog example to modify the solubility parameter of
phenyl | - 5- (4- oct yl oxy-nh 3, 4] oxadi a% ?’ | ow ng tHLP generaq
procedur es f othe I@amtpoBldowf Eeampﬂﬂ E5.1P0 Qe [i8s 5,7Bhbro{19) 991:@5(3 6- dloxaheptyl)—

(173, 4] oxach ADOEN & SREmEIH b URRr o oGS Hudrent i E2figle f8~PRemD)”

2- brono- 9, 9- bi s( 3, 6- dloxahexylphenyl) fluorene with

2- (3, 5-di bronophenyl)-5-[4- (octyloxy)phenyl] 1,3, 4 oxadrazole from Exanple
3. The fesul t Engmplesiiy&yndwpis had dHdvia of 3. 7edibeompLf-bisChrdiiesiabmi-ylescence and
to formfilns ﬂha& @an be thermally transferred to |on|caIIy conducti ng

pol ymer filns PEDT (pol y(3, 4-ethyl enedi oxyt hi ophene); CH 8000
from Bayer AG Leverkusen, Germany). Exanple 19: Synthesis and Utility of

N, N- di phenyl -4-(4,4,5,5-tetranet hyl -1, 3, 2- di oxaborol an-2-vl)aniline. ~0O13 /
, N 20 Foll ow ng the general edure of arylborgigjbester synt hesi s as

reported in Ranger et al., Commun. 1597- 159 97), n-butyllithium
was added dropwi se via syringe 1o a -78 C (acetonesdry ice cooling bath)
sol ution of 4-brono-N, N- di phenyl@miline (24 g, 7074 nole) in 175 nm dry
THF. Stirring was continued at -78 OC for afP-Hour and then at -50 C for an
hour. The m xture was cooled to -78 C a -

i sopropoxy-4,4,5,5-tetranmethyl -1, 3, 2-di oxehorol ane (17.22 g, 0.0925 nol e)
added via syringe in one portron BTh‘ u was maintained at -78 C
for three hours. The cooling bath wat @ and the reaction left to warm
to roomtenperature while standing for 12 hours. The reaction m xture was
poured into saturated ammoni um

10 PhO{CH,),O(CH,),1 was first synthesized according to methods described by J.
Otera, T. Shiomi, K. Murakami and Y. Kawasaki in Bull. Chem. Soc. Jpn., 1981, 2964-
2967. 2,7-Dibromo-9,9-bis(3,6-dioxahexyl-6-phenyl)-fluorene was then synthesized
from PhO{CH;),O0(CH>).l and 2,9-dibromofluorene following the general procedure
outlined in Part A of Example 5.

15 This compound can be used for example to modify the solubility parameter of
the compound of Example 16. To do this 2,7-dibromo-9,9-bis(3,6-dioxahexylphenyl)-

fluorene is used in place of 2,7-dibromo-9,9-dioctyl fluorene in Example 16.

Example 22: Synthesis and Utility of 9-Phenvl-3,6-bis(4,4,5.5-tetramethyl-1,3.2-

20 dioxaborolan-2-yl)-9H-carbazole.




30 acetate and extracted with ether. The ether |ayer was dried over
magnesi um sul fate and WO 2004/ 096948 PCT/ US2003/ 032047 -111 concentrated to
give a viscaus20ibecodurification by col um chronmat ography ycind6@3098)47
eluting with hexane:tol uene m xtures of |n§5§a3|ng gradi ent from 100% hexane
to 40L hexane) gave

N, N- di phenyl - / L 3 o|oxa-orolan 2-yl)aniline as an
oil (19.9 g, ¢ S =zed to a solid on standing.
5 This corrpound Caﬁ‘6QﬁbM§ﬁﬂ9§9edy'IﬁaEl§h@UEQw@mm|£ deb@men e Phl@: hiunction to
the end capping group by diréct cross coupling to an aryl ene oxadi azol e

di bronmi de cor efetrdiletiorndti \2g0y- 12{7h¢ §1998hpound can be used for exanple in an
alternate synthetic route to the conpound 2-[ 3, 5-Bis-{

9, 9-di octyl - 7- (phenyl - 4- am no- N, N- di phenyl ) - 9H f | uor en-

2-yl }- phenyl | - barf f- 9GAMEQXYF PRBRAWA-B A His@. A5 8Xeghazalie] b auhtaborh EXanp) e16.
This can 10 be achieved by reacting

N, N- di phenyl - 4eqridaz0ls6, 5-t et r amet hyl - 1, 3, 2- di oxabor ol an- 2- yI)aniIine Wi th

b om0k 1 1 uor en- 2. 9131 K% i ghaigh s I RERR THE R AR 1 2- s 5

bi s(4, 4,5, 5-t epRFRhIBAz01E (80 2; (ﬂl?ﬁl@l&@rﬂhﬁﬂv‘agcé@léd to -78°C with an acetone-dry ice

phenyl ) -5-[4- (octyl oxy) phenyi’j -1, - oxadi azol e from Exanpl e 10 under
Suzuki coupl i ngatbondilttb’]djﬂyuw(ﬂ% Ml%MH@Mioﬁian hagnes pumaled fvaraddedl e 16.
Exanpl e ,20: hesi s and .Uti it i br 9- bi s dloxa tyI)
f1uor enelﬁ “WigE Yia S@ﬁ“@Jg%LfB ¥f§’|¢ g Wa§% (ﬁﬁoga;@g’t‘tﬁﬁ/%@rﬁﬁ 3FFP% %ori de

(3.19g, 14 mmb@‘%c Qh@?&n@qmu&rxdas%eaucedIt@rnﬁ@fahmrlwoﬁoigga4S&tembmyl 1
equiv.) were suspended in 178 nL DVBO. 50% ageous NaOH 80 nlL was added.

1- Br ono- 2- ( 2- nkBkosipsatmosiirettiane. 3687@@]6) ylged ¥5 syrpReat szclmaé@fauas/tqmmm hen
added in small kp\?{%léb&?alm H @?@(}2 etem er’ tg.l]r ggm%ltntau?e rac?“@%r%%vﬁrh% for 2

hours before it opp e aqueous a er was ex ed W
The conbi ned eth®theh pyeicd iMBHe athegblmérhomﬁmnmnmefaten@s gahrl2 Wi el over

15 water). The layers were phase separated and the aqueous phase extracted with methyl-
t-butyl ether (2 x 200 mL). The combined organic phase and extracts were washed with
brine (2 x 200 mL) and dried over magnesium sulfate. Concentration and re-
crystallization of the solid obtained from acetone gave pure 9-phenyl-3,6-bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-y1)-9H-carbazole.

20 This compound can be used to modify the hole transport properties of for
example the compound of Example 17. To do this 9-Phenyl-3,6-bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-9H-carbazole is used in place of 2-[9,9-dioctyl-7-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9H-fluoren-2-yl]-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane in Example 17.

25

Example 23: Synthesis and utility of 4,7-Dibrome-2.1.3-benzothiadiazole, 3,9-
Dibrome-pervlene and 3,10-dibrome-perylene

4,7-Dibromo-2,1,3-benzothiadiazole was made as described in Pilgram et al., J.
Heterocycl. Chem., 7, 629-633 (1970).
30 3,9-Dibromo-perylene and 3,10-dibromo-perylene was made as described in
Zinke et al., Chem.Ber. 74, 107-112 (1941). These compounds can be used to modify
the light emitting properties of for example the compounds of Example 16 or 17. This



Na2SO4. The organic |l ayer was filtered, evaporated to dryness and the

resi dual was flash chronatographed on a silica-gel colum to give the pure
conpound (WQ:2e094m8a 30 yield of 86% WO 2004/ 096948 REHUSIMA31£32047
-112 This conpound can be used for exanplggto nodify the solubility
paranmeter of the conpound of Exanple 16. To do this

2, 7-di brono- 9, 9+ bi r

2, 7- di br ono- § a§b8 a%éwi%-tﬂ) S@é?@ﬁgﬁg ‘Bl}eég{tﬂégﬁ 08{11‘80{“?9 ﬁg%ﬁ%ﬁ% Ofa’cjedlgt %sis and
Uility of 2. 9Z9didat3cbrﬂneﬂeneirbitﬁ@aepé&udn@dabﬁbmh Focanpie iy by Efdm;ﬂé ghe. O-00
f-O Br \ / \ / Br 10 PhQ(CH2) 20(CH2) 21 was first synthesized according to
nmet hods described by J. OQera, T. Shiom, K Mrakam and Y. Kawasaki in
gl“?l 5 g‘gm)_ Pan 11 9% 1¥ QI_% bsitions an Oruamc Electrolmmes;ssi:hesI sed
from PhgX CHZ)!M! )21 and 2 9- di br onof | uor ene foI | owi ng the general
procedure outlined in Part A of . Exanple 5. 15 This copnpound can be used for
exanpl e to nodify Elﬁ@r%ﬁlwqmwtlﬁa% wREtEePased as lolows b Be AcHm EHRPINEE16.

To do this 2, @sr@’l%z’ i1 Op4aDEY } d in
pl ace of 2,7- é"ﬂJroglﬁm- g)l oct yﬁrp?ﬁsﬂc%(r)%lne | #K%Earrpwely f&g&gx(g%g] Be%vé)ft@
Synt hesi s andntdtdléhlbgoemhn@eﬂbhmyé (IBRI6C laradé dhtkiedTrdne Al dredi Qlydmidal3l 20

di oxabor ol an-2-yl)-9H car baz

e =l pO OB I BO UN/L VO
2004/ 096048 POFVEREB0Y b33 0eF trangpogtipg pgerA(H By prlecipd rgm TFD, CBE, and PVK
3, 6-di E@orm %&Q%@dédclﬂ ABREOLEET BT ALD0TG; RO ENKE $31BRZHE. RS niBRd%IAS

described in Park et
emitter Ir(ppy)g, was introduced in amounts of 0.01 - 0.5 wt/wt% by addition of small

aliquots of a 10 mM solution of the emitter in dichloroethane (DCE). Each coating
solution was filtered through a 0.2 pm nylon syringe filter before application.
' Organic electroluminescent devices were constructed as follows: Glass squares
15 of 2 cm x 2 cm having on one side a vapor deposited coating of indium tin oxide (ITO)
were obtained from Thin Film Devices (Anaheim, CA). The ITO coated sides were
cleaned with mthanol, freated with an Op plasma etch (4 min at 50 W and 200 mTorr),

treated by spin coating (2500 rpm for 30 sec) of an aqueous solution of PEDT/PSS
copolymer and dried under nitrogen purge at 115 °C. Next, the coating solutions

20 prepared above were each spin coated on top of a PEDT/PSS coated substrate (2000
rpm for 30 sec). The glass squares were then mounted into an aluminum frame,
introduced into a vacuum deposition chamber, and pumped to 10°° torr for about 1 hour.
Cathodes were applied by vapor depositing about 10 A of LiF and about 2000 A of
aluminum.

25 The resulting organic electroluminescent lamps were evaluated for drive
voltages (V), external percent quantum efficiencies (% Q.E.), luminescence intensities
(cd/m?), and emission maxima (e nm) for blue, green, and red lamps operating at 20
mA/cm” drive current.

Table 1 summarizes the electroactive compositions and results of the respective

30 lamp evaluations. The materials in the electroactive compositions are recorded in

Table 1 as the number of parts (p) by weight added to 1000 parts (1000 p) DCE to

make the spin coating solution used in preparing the lamps.
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31 10 (Ex. 12) |3 (PVK) | 0.085 (Ie(ppy)s) 508

. (Ex. 11) means the compound of Example 11.

5

10

(Ex. 12) means the compound of Example 12.

(Ex. 14) means the compound of Example 14.

Example 32: Preparation of a Donor Sheet

A thermal transfer donor sheet is prepared in the following manner. An LTHC

solution, described in Table 2, is coated onto a 0.1 mim thick polyethylene terephthalate

(PET) film substrate (M7 from Teijin, Osaka, Japan). Coating is performed using a

Yasui Seiki Lab Coater, Model CAG-150, using a microgravure roll with 150 helical

cells per inch. The LTHC coating is in-line dried at 80°C and cured under ultraviolet
(UV) radiation,
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materials in the el ectroactive cor[goleon re'récorded T

2-butanone 43775
1,2-propanediol monomethyl ether
26.25

acetate

V)

i es

active

10

UColumbian Chemicals Co., Atlanta, GA

@golutia Inc., St. Louis, MO

®)S. C. Johnson & Son, Inc. Racine,
“Byk-Chemie USA, Wallingford, C
©13M Co., St. Paul, MN

WI
T

©UCB Radcure Inc., N. Augusta, SC

“MCI Acrylics Inc., Memphis, TN
®Ciba-Geigi Corp., Tarrytown, NY

Next, an interlayer solution, given in Table 3, is coated onto the cured LTHC

layer by a rotogravure coating method using the Yasui Seiki lab coater, Model CAG-

150, with a microgravure roll having 180 helical cells per lineal inch. This coating is

in-line dried at 60 °C and cured under ultraviolet (UV) radiation.

15



Table I as the nunber of parts (p) by weight added to 1000 parts (1000 p)
DCE to nmake the spin coating solution used in preparing the |lanps. WO

2004/ 096948WMeCHOHEZI 0 310 320 4 7 -115 Table 1. El ectr caavuisza03/032047
Conpositions and Lanp Eval uation Results BExgnple p ETA/ p HTA/ p Emtter/

El ectro- 1000 p 1000 p 1000 p DCE | um nescence DCE (ETA) DCE (Emtter) 2,nm
(HTA) 24 10 (Ex. 11) 3 (TPD) 0. O08p1d.r {aMhd) cotidig SepRAr ative 10 (C80) 3
(CBP) 0-085 (Ir(ppy)3) 508 25 26 10 (C80) "3 (Ex. “0.085 (Ir(ppy)3) 510 14)

27 10 (Ex. 12) 3 (CBP)—6-085(+r(ppy)3)—508—28—16 123 Ex— 0. 085
(I'r(ppy)3) 508 14) 29 10 (Ex.\ 15?‘7}3’%‘}’?’3\‘7%100.085 ?I ??Eﬁ;’%”?&gﬂm) 10 (Ex.
11) 3 (PVK) 0.085 (Ir{BRY3S3)HPAEmethYlolfropine tridedylate (PVK) Q4Q@85 (Ir{ppy) 3)

508 (Ex. 11) neans the conpound of Exanple 11. lgEx 12) neans thejconpound
of Exanple 12. 5 (Ex|ed#)avaslabls fromeSesepeuRatost PFixanpl e 14.  Exanpl e 32:

Preparation of a mno-W)ar ed in
the foll ow ng nmanner. EHVﬁ‘ﬁ' solution, described in Table"2, is ¢oated

onto a 0.1 mmthick POTyRENK7Ene terephthalate ™ 10 (JPET) f2hgn subsirate (M7
fromTeijin, Osaka, Japan). Coating.is performed usiing a Yasui Seiki Lab
Coat er, Model CAG 150/ Ingsiungg3@P mi crogravure roll with 150 hébical |cells per
I nch. The LTHC coati ng—+s—n +i re—ar-i-ed--at—80C—and-—cpred uﬁg. w4 avi ol et
(UV) radiation. Irgacure 18 :

2-butanone 48 .00

1-methoxy-2-propanol 32.00

Next, a transfer layer is formed on the interlayer of the donor sheet. The
5 transfer layer is disposed on the donor sheet by spinning the molecularly doped
polymer composition of Example 26 or 27 at about 2000-2500 rpm for 30 seconds

(Headway Research spincoater) to yield a film thickness of approximately 50 nm.

Example 33: Laser Induced Thermal Imaging of Transfer Layer

10 Part A: Preparation of Receptor Substrates
PEDT (poly(3,4-ethylenedioxythiophene)) solation (Baytron P 4083 from Bayer
AG, Leverkusen, Germany) diluted 1:1 with deionized water) is filtered through a
WHATMAN PURADISC 0.2 um nylon syringe filter.
Unpatterned ITO (indium tin oxide) glass (Delta Technologies, Stillwater, MN,
15 less than 100 £)/square, 1.1 mm thick) is ultrasonically cleaned in a hot, 3% solution of
Deconex 12NS detergent (Borer Chemie AG, Zuchwil, Switzerland). The substrates
are then placed in the Plasma Science plasma treater for surface treatment under the
following conditions: time: 2 minutes; power: 500watt (165 W/em®); and oxygen flow:
100 Torr.
20 Immediately after plasma treatment, the PEDT solution is filtered and dispensed
through a WHATMAN PURADISC 0.2 pm nylon syringe filter onto the ITO substrate.
The substrate is then spun (Headway Research spincoater) at 2000 rpm for 30 seconds
yielding a PEDT film thickness of 40 nm. All of the substrates are heated to 200 °C for
5 minutes under nitrogen.

25



WD 2004/ 096948 PCT/ US2003/ 032047 -116- Table 2. LTHC Sol uti on Conponent

Trade Parts by Designation Wi ght

carbon bl ack pignent Raven 760 Utra (1)

3.88 pol YWPRHMBeR§ral resin Butvar B-98 (23 0.69 acrybe¢rTussesmdoncryl 67

(3) 2.07 dispersant Disperbyk 161 (4) 0.134.
0.01 epoxy novol ac acryl ate Ebecryl

fluoro surfactant FC-430 (5)
629 (6) 13.18 acrylic resin Elvacite

butanone |7 ga&0s 0! peeel RO AN TR PRRE N POEE) ) gacur e

184 (8) 0.13 2- bmkmnoﬂ&eﬁ3ﬁE&mn@kZBpﬁebﬁmgﬂwmhnamnmnammyheﬁth@br26 25

acetate Col unmbi an Chenmicals Co., Atlanta, EA 12180Iut|a I nc. Loui s,
(3)5. C.JohRubralgssdiext. thedonpithepis arqpmagsd pgin

CT (5)3M Co. Sca% ﬁ %&fo I% g%%%fa%spﬁ&af G'leanc%eté%' gvVﬁltx the cgﬁbi%eé?\]]e%(e?

Acrylics Inc

interl &yer sobkahs fmusegl ommtﬁerimIgflJlblencBL1sim§arcﬁﬁte@dscemims iahpan: uf ededrTHC

gl Cofp., Tarrytown,

by a rotogravure coating nethod using the Yasui ei Ki b e¢oater, Nodel
y g flguratlon "ghe laser %n S 84t00 E! ﬁcme %lh

10

15

20

telecentric con ergy densily is laser spot
size, measured at the 1/e? intensity, is 30 micrometers by 350 micrometers. The linear
laser spot velocity is adjustable between 10 and 30 meters per second, measured at the
image plane. The laser spot is dithered perpendicular to the major displacement
direction with about a 100 micrometer amplitude. The transfer layers are transferred as
lines onto the receptor substrates, and the intended width of the lines is about 100
micrometers. Laser induced thermal imaging is performed at a scan velocity from 11.4
to 20.0 m/s and the following conditions: dose 0.4-0.7 J/cmz; scan speed 20-11.4 m/s;
line width 90 microns; and pitch 225 microns.

Digital images of the resulting laser induced thermal imaging pattern show
transfer of the electroactive composition to the receptor surface in regions that are
imaged, and show regions without the electroactive composition on the unimaged

receptor surface.

MO

B %O emglrmodsgid ‘%ﬁ PS§E* or d,
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150, with a mcrogravure roll having 180 helical cells per lineal inch. This
coating is in-line dried at 60 C and cured under ultraviolet (W)

radi ation. 15 WO 2004/ 096948 PCT/ US20036032047 -117 Table 3. Interl ayer
Coating Solution Conmponent Parts by Wight SR 351 HP (trinethyl ol propane
triacrylate 14.85 ester, available from Sartomer, Exton, PA) Butvar B-98
0.93 Joncryl 67 2.78 Irgacure 369 é;g | rgacure 184 0.19 2-butanone

48. 00 1- et hoxy- 2-propanol 32.00 . transfer layer is forned on the
interlayer of the donor sheet. The 5 transfer layer is disposed on the donor
sheet by spinning the nol ecularly doped polyner conposition of Exanple 26
or 27 at laboutA 280 @dE0mppisingan a8inaecondad tMdeadwaypiRe geaps borgpganaioat er)
to yield a filmthickness of approximaiely 50 nm Exanple 33: Laser |nduced
Ther mal i FHYNEHC g ididdompeyad ﬁi‘ﬁngﬁé‘?ﬁm%@ r epar ati on of Receptor

Subs{ rates PEDT (poly(3, 4-ethyl enedi oxyt hi ophene)) sol ution (Baytron P 4083
from Bayer AG Leverkusen, CGermany) diluted 1:1 wth deionized water) is
filtered through a WHATMVAN PURA[%@C_OA,Z_QIE(PyI on syringe filter.
Unpatterned I TO (indiumtin oxide) glass (Delta Technol ogies, Stillwater,

M\, 15 less than 100 Q' square, 1.1 mm{Efpjck) is ultrasonically cleaned in a
hot, 3% solution of Deconex 12NS detergent (Borer Chem e AG Zuchw |,
Switzerland). The substrates are thenl\placed in the Plasma Science plasma
treater for surface treatnment under the followng conditions: time: 2

m nut es; power: 500watt (165 Wcm; and oxygen flow. 100 Torr.

wherein

10 each Ar' is independently a radical of benzene, naphthalene, anthracene,
phenanthrene, 9,10-dihydrophenanthrene, 4,5,9,10-tetrahydropyrene, fluorene, 9-
silafluorene, 6,12-dihydroindenof1,2-b]fluorene, 5,12-dihydro-6H-indeno[1,2-
b]phenanthrene, 5,6,12,13-tetrahydrodibenzo[a,h]anthracene, 2-phenyl-9H-fluorene, or
acenaphthene that is unsubstituted or substituted with one or more groups selected from

15 alkyl, alkenyl, alkoxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, and combinations
thereof,

wherein when Ar' is a radical of benzene, the group

*

1
Ar—=
|
is selected from
E
20 Y ¥ or; &,

each a is independently 1 or 2;

each Ey is independently a structure of Formula II or Formula III:



20 Imredi ately after plasma treatnment, the PEDT solution is filtered and

di spensed through a WHATMAN PURADI SC 0.2 gm nylon syringe filter onto the

| TO substrate. The substrate is then-E8un (Headway Research spincoater) at
2000 rpm for 30 seconds vyielding a PEDT filmthickness of 40 nm Al of the
substrates are heated to 200 C for 5 mnutes under nitrogen. 25 WO

2004/ 096948 PCT/ US2003/ 032047 -118 Part B: ,Laser |Induced Thermal |nagi ng of
Transfer Layer from Donor Sheet Donor sheetjs of Exanple 33 are brought into

contact with the receptor substrates. Ne he donor sheets are inmaged
usi ng two single-node Nd: YAG | asers. Sca is perfornmed using a system
of linear galvanoneters, with the conbined faser 5 beans focused onto the

i mge plane using an f-theta scank¢§ns as p of a near- telecentric

configuration. The | aser energy Xlensity isX0.4 to 0.8 J/cnR. The | aser spot
size, neasured at the 1/e2 inte;gFFV, is 30ymicroneters by 350 microneters.
The linear |aser spot velocity s adjustablge between 10 and 30 neters per
second, neasured at the image pfane. The IMser; spot is dithered
per pendi cular to the major displacenent_ 10 direction with about a 100
m croneter anplitude. The transfer Iayéﬂ% are transferred as |ines onto the
receptor substrates b I j 1 1] | 00
m croneters. Laser ?ﬁ@gggg&%ﬁggﬁﬁﬂg?ﬁég?ﬁﬁﬁr§h5%$$oFﬁg§ﬁ5?§%ﬁ§§§% vel ocity
from 11. 4hetdroalRfl, O6r ¢onsbinditbnk lieeréod] | owi ng condi tions: dose 0.4-0.7 J/ent;
scan_speed 20-11.4 n>/s;, line width 90 mcrons; and gitch 225 mcrons. 15
Digifal images of te#ehAdsisiindapgndents anpnid groag thaidy wrsubsttaigr vy syatitiigd show
transfer the el ectroacti oS L the r ptar_suxface in regions
that are Qﬁggg%grngﬁdyg 3@?%@6?3&%1%k%h%gﬁhﬁﬁ%ﬁ%ﬁégﬁﬁééﬁ?f%e %%%position on
t he uni megefoalk@CRRIAbroaMK T A6RroaBE1, a1l vxdifdoMD, arkl 0:AJREERDUNG] §RFBK,Si Ng an
aromatic core and two end cappi ng groups coangated

aryl triazolyl, diarylamino, aryldiarylamino, and combinations thereof ;

each asterisk (-*) indicates the location of a bond to another group in the
10 compound; and
each end capping group (EC) is independently an aryl, heteroaryl without a
—C=N- unit, or tertiary amino aryl group that is unsubstituted or substituted with one or
more groups selected from alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl,

perfluoroalkyl, heteroalkyl, heteroaryl without a —C=N- unit, and combinations thereof,

15 wherein said end capping groups are conjugated to the aromatic core.
2 The compound of claim 1, wherein the
*-—-——/ll\lj *
E),

moiety in Formula IV is a divalent radical of

E :
E, ¥ =

20 XXXVIL - XXXV, XXXIX |



to the aromatic core, said conpound having Formula IV: 5 ECAr' EC | (EY)a
|V wherein 10 each Ar' is independently a radical of benzene, naphthal ene,
ant hracene, phenant hrene, 9, 10-di hydfl@phenant hr ene,
4,5,9,10-tetrahydropyrene, fluorene, 9- silafl uorene,

6, 12- di hydr oi ndeno[ 1, 2-b] fl uorene, 5, 12-di hydro-6H i ndeno[ 1, 2-

b] phenant hrene, 5,6, 12, 13-t etrahydrodi benzo[ a, h] ant hr acene,

2- phenyl - 9H-f | uor ene, or acenaphthene that is unsubstituted or dubstituted

with one or pmre qr oup 2 bS. al kyl kepyl ,Eal uor o,
f I uoroal kyl, | ‘I and '@@ ons
when Ar' : e; : (EY)a

f, wherein
i s sel ected
from 20 EY or; EY Qach ais |ndependentlyyl or 2, each EyEjs
i ndependent | y ajstructure)UW Formul axilll or Fornul aXIM|: -120- X XYN NN Ar
2 Arz Il 111 each X’is independently 0, S, or NR, where R is aIkyI aryl,
heteroaryl, hetgroal kyl, oerpnblnatlonsRﬁhereof 5 each Ar 2 is
|ndependently 4R)aryl group fthat is unsubktituted or substituted

5 XXVla XXV ’ XXVIII ’
R r ]\ R r i I
EY (R), Ey E/ R%),

XXIX XXX XXXI



with one or nore groups selected from al kyl, al kenyl, al koxy, aryl, aryl oxy,
fluoro, fluoroal kyl, perfluoroal kyl, heteroal kyl, al kyl oxadi azolyl, aryl
oxadi azolyl, alkyl triazolyl, aryl triZzolyl, diarylamno, aryldiarylam no,
and conbi nations thereof ; each asterisk (-*) indicates the |ocation of a
bond to another group in the 10 conpound; and each end cappi ng group (EC

i s independently an aryl ,Eheteroaryl wthout a -C=N wunit, or tertiary
amno aryl grgugthat is nsubstltm)ed or substituted(rii,th one or nore

groups sel ectegdfrom aI R al keny al koxy~aryl, aryloxy, flmo(o0,
|, ¢ ero w I C=N- unit,

fl uor oal kyl

and conbi ngti oNS N , 15 S 3Ad capf : conj ugat ed
to the aropatic core. The cenyg aim1l, \Ywh i ¥ (Ey)a
moi ety i n§Fornula 1V i SRy, dival en@ radi caI(qu E d Y EY 20 ) [T XXXVI
XXXIXE/12L v I\ i | By E i i I\ 1 1V \E\ \ Ey Ey E'Xt“ Er XIl X1
XIVv xv 3 RB)axKA)4 R)a Ey Ey O y»poxiv XVIT XVITT xxxIv

R)4 R)4 E

(RY),
XXXV ,or XXXVI

that is unsubstituted or substituted with one or more groups selected from a Cy.p¢ alkyl, C,.
20 alkenyl, Cyp alkoxy, fluoro, C.z0 fluoroalkyl, C,.5q perfluoroalkyl, Cy.o heteroalkyl, and
5 combinations thereof,
wherein
each R is independently a Cy.3p alkyl, Cy.30 alkenyl, C).39 alkoxy, C,.30 heteroalkyl,
or combinations thereof; and
each R’ is independently selected from hydrogen, Cy.30 alkyl, Cy.30 alkenyl, Cy.3p

10 alkoxy, C.3¢ heteroalkyl, and combinations thereof.

3. The compound of claim 2, wherein at least one R or R® comprises a heteroalkyl
having up to 30 carbon atoms, wherein the heteroalkyl comprises a soft segment

comprising a divalent poly(oxyalkylene) segment of Formula V1

m 2m

15

or a divalent poly(dialkylsiloxane) segment of Formula VII

*‘IFSi(CwH2w+ 1 )20 }7*
¥

3

where m is an integer of 1 to 6, y is an integer of 2 to 20, and w is an integer of 1 to 10
with the proviso that m, y, and w are selected so as to provide up to 30 carbon atoms.

20



RBA) aRRRRR Ey 3E (R)aEy Ey ERY xix XX XXIl RRRR _ RR
AR

3 y X XX _
RR Si / ERR Ey By y EEv XXII'l XXIV XXV XXV Ey RRR R Ey RR
RRER RV Ey REy 5XXVla XXVil Xxf RRRREy RREy (R, By (R3)4
Ev IRla XXI X XXX XXXI -122- EY RR R3 R~ By (R, Ey (R3)~ E (R3), XXX |
XXXI 11 XXXI'V R3) EY R3)a Ey

4. The compound of claim 2, wherein the compound is substituted with a fluoro,

fluoroalkyl, or perfluoroalkyl group.

5. The compound of claim 1, wherein Ar is an aryl group selected from phenyl,

5 biphenyl, terphenyl, anthryl, naphthyl, acenaphthyl, phenanthryl, dihydrophenanthrenyl,
anthracenyl, fluorenyl, 9-silafluorenyl, tetrahydropyrenyl, perylenyl, spirobisfluorenyl,
fluoranthenyl, pyrenyl, dihydropyrenyl, tetrahydropyrenyl, rubrenyl, chrysenyl, 5,6,12,13-
tetrahydrodibenzo[a,h]anthracenyl, 6,12-dihydroindeno[1,2-b]fluorenyl, 5,12-dihydro-6H-
indeno|1,2-b]phenanthrenyl, and benzo[g,h,[]perylenyl that is unsubstituted or substituted

10 with one or more Cj.pg alkyl, Cz.20 alkenyl, Cy_59 alkoxy, Ce-20 aryl, Cs.20 aryloxy, fluoro,
C1-20 fluoroalkyl, Ci.¢ perfluoroalkyl, C).q heteroalkyl, Cs.39 alkyl oxadiazolyl, C;.3 aryl
oxadiazolyl, C;.29 alkyl triazolyl, Cs.350 aryl triazolyl, Cs.3¢ diarylamino, Cs.30

diarylaminoaryl, or combinations thereof.



4 Ey Ey (R, (R, XXXV or XXXVl that is unsubstituted or substituted with
one or nore groups selected froma Cl.20 al kyl, C2- 20 al kenyl, Cl1 _20al koxy,
fluoro, Cl1.20 fluoroal kyl, C _20 perfitlddroal kyl, Cl 20heteroal kyl, and 5
conbi nati ons thereof, wherein each Ris independently a Cl1 30 al kyl, C2_30
al kenyl, Ci-3o0 al koxy, G _30 heteroalkyl or conbi nations thereof; and each
R3 is indepen ntI fro h Cl-30 al kyl, C2-30 alkenyl, G ao
10 alkoxg; %W%W“%I %nnl &’c% 8%at|ons t hereof. 3. The compound of
claim 2, mhereln at | east one Ror R3 g Lises a heteroal kyl having up to
30 carbon atons, wherein the heteroal kyl conprises a soft segnent

conprising a dival ent poly(oxyalkerneIEpggnent of Formula VI 15 .-Q(Cm2nO) c
or a dival ent poly(dialkylsiloxane) segnent of Forrmula VII

* fsi (OMriZdeal 2 Ebrinila TWiedetecradifioran i nteger of 1 to 6, y is an integer of 2
to 20, and wis an integer of 1 to 10 wth the proviso that m y, and w are
sel ected so QﬁﬂtoqﬁWOV|de up to 30 carbon atoms. 20 -123- 4. The conpound
of claim2, w i —substituted with_a fluoro, fluoroalkyl,
or perfluo * 5. . pd of claim rein Are is an aryl
group sel ected’fr 3 [ Y terphenyl ryl, naphthyl,
acenapht hyl , i hrenyl anthr fl uorenyl,
9-si | af | uor eny flhorenyl

IenyI obi
f 1 uor ant henyl etrahn N rubr enyl
a, 4R enyl

chrysenyl, 5,
6,12-dihydr0|nden' - di hydr o- 6H—

LXXI . LXXi ’ LXXIII

\ \
S
OCBH‘IT QC.H,, OCan

5 LXXIV LXXV ) LXXVI



i ndeno[ 1, 2- b] phenant hrenyl , and benzo[ g, h, 1] perylenyl that is unsubstituted
or substituted 10 with one or nore Cl1-20 al kyl, C2_20 al kenyl, Cl-20 al koxy,
C6_20 aryl, C6_20 aryloxy, fluoro, C12280 fluoroal kyl, Cl 20 perfl uoroal kyl,
Cl-20 heteroal kyl, C3-30 al kyl oxadi azolyl, C3.30 aryl oxadiazolyl, C3.20
al kyl triazolyl, C3.30 aryl triazolyl, C3-3o0 diarylamno, C3-30

di aryl am noaryl, or conbinations thereof. , -124- 6. The conpounds of claim1l,
wherein the | (Ey)a radical in Formula/lVis selected fromCeHn CeHn _N N
NO I/ \ ONSN O OC8H17 OC6H17 L [T LXXI I I "NNN SI S1 1/ N
OC8Hn OCetrf OzZeHL17 5 LXXIV LXXV L 5- NN-N-NOONONON F \
| I I FF F TO{BHL7 C8H170 CBHNO F

_—\ =N

O
=N 9] /N g _

OCBHﬂ CBH1TO
LXXVI LXXVIIE

LXXXIV LXXXV LAXXVI , LXXXVII



LXXVIT LXXVIT]T LXXI X LXXX -N 011 O OiINININ FFi F~FFO_,6,-~-OCH
O _,-—-,0CH3 LXXXI LXXXI I LXXXI I I 02 O10'1- N INININON CBHv

CBH17 LXXXIV LXXXV LXXXVI LXXXVII -1286- \ / . -N OiN / \'/ \ NNO11
-N "N"NON CF3\ CF3 CF3 \ CF3 \ LXXXVIII LXXXIX XC / \ - -NON N, N -

-N-N ONOIiIN '"10-0

\
O___N
* * ’N
N' N
=N 0
I -
O._2N

CF CF, CF; CF,

3

LXXXVII LXXXIX XC

XClI i XCll XCII

XCIV



N O CBH17 C8Hn i N C8H17 "aH 17 XCI XCIl XCIIl CBH17 CBH17 \ CBHn CBH17
CBH17 CBH17 O N NN" NCaHh NN\ ~\ CeHn XCV XCV XCVl -127- CeHn C8H17
C8H17 C8H17 C8H17 C3H17 -N-N O N OI2R N O N C8H 17 Ca H17 OC8H17 OC8H17
XCVIl XCVvIll XC X C8Hn C8HL7 -N O iN CF3 \ CF3 CIl CaHn CeHn CeHn CaHn

OC,H,, OCgH;
XCVII XCVill , XCIX

OCH,,
cill cIv or



-Np N-N OiN OC8HL7 dCIl AV or -128- CBHh CBHh NO N~ CV 7. The
conpound of claim1, wherein at |east one of the end cappi ng groups
conprises a C6-40 aryl conprising phengB; biphenyl, terphenyl, anthryl,
napht hyl , 5 acenapht hyl, phenant hryl, di hydrophenanthrenyl, anthracenyl,
fluorenyl, 9-silafluorenyl, tetrahydropyrenyl, perylenyl,
spirobisfluoEqpyI@JJIuoranthenyl, pyrenyl, di hydropyrenyl,

t et rahydr opyréndyy,* Fubr emyl, chrysenyl, benzo[g, h,i]perylenyl, or a radical
t her eof , wher=ei hra dla?oplng group is unsubstituted or substituted with
one or nore edt€d fromC i-20 al kyl, C2-20 al kenyl, C 1-20

al koxy, C6. 6. 20 aryl oxy, fluoro, 10 C 1-20 fluoroal kyl, C1_20

' et eroal kyl, C3.2oheteroaryl w thout a-C=N- unit, and
The conpound of claim11, wherein at |east one of

P& ses a C3-40 heteroaryl or heteroaryl ene
yl, thiophenyl, 15 bithiophenyl, N-aryl
. benzof uranyl, benzot hi ophenyl, indolyl, N alkyl
carbazolyl, Naryl car lyl, diaryl silanolyl, or a radical thereof,
wherein the end cappi ng=group i s unsubstituted or substituted with one or
nore groups E%)ected fromdC -20 al kyl, C2.20 al kenyl, Cl1_20 al koxy, C6_20
aryl, ©6-20 aryloxy, fluoro, & _20 fluoroal kyl, C-20 perfluoroalkyl,
C _20heteroal kyl, C3_20 heteroaryl w thout a-C=N- 20 unit, and conbinations
thereof. 9. The compound of claim1, wherein at |east one of the end capping
groups Gonpr ithesompbilatl S:1digr 1,iviieyeinai least ahe 0Rthe @nd typpisogpupsi ng a radi cal
of diarylaniline, alkylcarbazole, arylcarbazole, tetraaryldiam ne,
st ar bur stCOBRTIFS 2 (ew Ayl mmmwheaﬂnélph@% terphenyl, anthryl, naphthyl,

5 acenaphthyl, phenanthryl, dihydrophenanthrenyl, anthracenyl, fluorenyl, 9-silafluorenyl,

conbi nati ons l\t\hé?’
the end cappi ng

pyrrolyl, N-alkyl

tetrahydropyrenyl, perylenyl, spirobisfluorenyl, fluoranthenyl, pyrenyl, dihydropyrenyl,
tetrahydropyrenyl, rubrenyl, chrysenyl, benzo[g,h,i|perylenyl, or a radical thereof,
wherein the end capping group is unsubstituted or substituted with one or more
groups selected from Ci.y0 alkyl, Cyp0 alkenyl, Cj.ag alkoxy, Cg.20 aryl, Ce.29 aryloxy, fluoro,
10 Cl1-20 fluoroalkyl, C;_z¢ perfluoroalkyl, C;_z0 heteroalkyl, C;.pp heteroaryl without a —-C=N-

unit, and combinations thereof.

8. The compound of claim 1, wherein at least one of the end capping groups
comprises a Cs.40 heteroaryl or heteroarylene comprising a radical of furanyl, thiophenyl,
15 bithiophenyl, N-aryl pyrrolyl, N-alkyl pyrrolyl, benzofuranyl, benzothiophenyl, indolyl, N-
alkyl carbazolyl, N-aryl carbazolyl, diaryl silanolyl, or a radical thereof,
wherein the end capping group is unsubstituted or substituted with one or more
groups selected from Cy_y9 alkyl, Cy2¢ alkenyl, Cy.59 alkoxy, Cea0 aryl, Ce-20 aryloxy, fluoro,
C.20 fluoroalkyl, C_5¢ perfluoroalkyl, Ci.og heteroalkyl, Cs.o heteroaryl without a —-C=N-

20 unit, and combinations thereof.

9. The compound of claim 1, wherein at least one of the end capping groups
comprises a Ci2.¢ tertiary amino aromatic aryl comprising a radical of diarylaniline,
alkylcarbazole, arylcarbazole, tetraaryldiamine, starburst amine, peraryltriamine, dendritic

25 amine, or spiroamine,



25 am ne, or spiroam ne, -129- wherein the end capping group is
unsubstituted or substituted with one or nore groups selected fromC 1. 20
al kyl, C2_20 al kenyl, Cl-20 al koxy, CelZ2% aryl, C6-20 aryloxy, fluoro,
Cl-20 fluoroal kyl, Cl-20 perfluoroal kyl, Cl-20 heteroal kyl, C3_20 heteroaryl
w t hout a-C=N unit, and conbinations thereof. 5 10. The conpound of claim
1, wherein at ; . I r0 - k a . 60
Certiary amno Sron iaphitf sk i ARBE YR RRos FRRP AR Br bR

t et r aaryldeusisdico@d flSnNCNog.alkyl t@1,5 aked - Q. A alRbRNYE S @G, K Ny loy NNy -
tetraaryl -2, 7- di am nofl uorene, ]

N, N - bi s(B-2m8npiprlkiybfyi) peufinorolka ], Shenkatgrodliiyl Bs-merctexpawyl witkqut a1 6=N-

napht hyl ) - N, N r bi s(.phenyl,) benzi di ne, 1, 4-bi s(carbazol yl) bi phenyl,

4,4 4"-turn||1\£sfri\d|, ﬁms%ﬁq}oﬁé@ﬁr%og)zt ri phenyl ani ne,

1,3,%-tris(4-diaryl am nophenyl ) benzene, 4,4',4"-tris(N, N

di phenyl am no) tri phenyl am ne, 4,4',4"-tris(N- 3-nethyl phenyl - N-

phenyl ami Ifo) t rifsremplonnd aclaior 1.1wihkereintat |eggiand jop Hergpdgappiog Berps ) benzene,

wherein the end i ng. i bstit ut ed bst | i th

more 15 growpecusEBa Bidt Bhftes S8R AR s Tdt muBhot MR ol oy,

CB, 20 ar yhyrad b&&icﬁﬁé{|I*QN¥N’,N*-Wa@nyI—_1,QLpl%QyI%hétMrﬁ’ﬁaleKN!N,N@J’-&%%{M}LOr oal kyl ,
co

G _2oheteroal kyl, C3.2oheteroaryl "without” a-C=N- unit, and oI nati ons
t her eof . didB@oiladrend A NEbispomethyfithenyxNIN'1hisiphemgibanzdink ¥ -basie- end cappi ng

G OVR. COMpE | 35 N RO o §3lni S e FX QAR R RRR
diarylamino)triphenylamine, 1,3,5-tris(4-diarylaminophenyl)benzene, 4,4',4"-tris(N,N-
diphenylamino)triphenylamine, 4,4',4"-tris(N-3-methylphenyl-N-
phenylamino)triphenylamine, or 1,3,5-tris(4-diphenylaminophenyl)benzene,

wherein the end capping group is unsubstituted or substituted with one or more
15 groups selected from Cy.yg alkyl, Cy.z9 alkenyl, C).yg alkoxy, Cs.2g aryl, Ce_z0 aryloxy, fluoro,
C1.20 fluoroalkyl, Cy.29 perfluoroalkyl, Cy.op heteroalkyl, Cs.50 heteroaryl without a —C=N-

unit, and combinations thereof.



d5 CXIVCXVY CXVI CXMIl RRR RROCXVIII CXIX RRRRIP S NN CCXX
CXXI'V CXXV -131- \ RR aN N CXXVI or CXXVII that is unsubstituted or
substituted with one or nore groups seldeted from Cl-20 al kyl, C2-20

al kenyl, Ci-20 al koxy, C6-20 aryl, C6-20 aryloxy, fluoro, Cl-20 fluoroalkyl,
Cl-20 perfluoroal kyl, Cl-20 heteroal kyI C3-20 heteroaryl w thout a -CN

unit, and,co nations ,5.t.hereof each R IS | endently sel ected
fromdCl - gU alntk)me COEfO%d aﬁgalrrl[i/? w%?felgo f‘%&?ﬁ ,en%é%%péng %rr%gﬁe %} aryl oxy,
C3-20 hetlﬁdsmay;ht Miichpst a -C=N- unit, Cl-30 heteroal kyl, and conbi nations
t hereof; and 10 each Xi s independently 0, S, or NR V\/nere R is a Cl-30

al kyl , CG 20 aryl et er oa wi t hout C:N- it

het er oal k or @;@@ @ @ @ ind pf

the end c ng g&oua_fart pry ses gat ed
CIX

a group of
Formul a CV| }o CXXVI | radi cal of [/
CVv cvil X

H 3 1]

\

? 2

Seg

CXVIll CXIX

CXXIV CXXV



CXXVITT CXXI X CXXX CXXXI CXXXI'l "Q 7) S RR Ciu CXXXII'1 CXXXI'V CXXXV
CXXXVI -132 | COXXXVI | COXXXVI | | CXXXIX 3) 4 (R3)4 CXL CXLI CXLII Ph
Ph si CC* Ph Ph C--0 (R3)a CXLII CXLAlY CXLV CXLVI R 3 )4 RRRRRR
~R3)4 (R4 CXLVI1 CXLVITI CXLIX RRR RR RRRR®o RR5CL CLI CLII

@ @ .O O

CXXVI or CXX VIl

that is unsubstituted or substituted with one or more groups selected from Cj.5g alkyl, Co.50
alkenyl, C;_¢ alkoxy, Ce.20 aryl, Ce.20 aryloxy, fluoro, Cy_z fluoroalkyl, C .2
perfluoroalkyl, C;o heteroalkyl, C;_50 heteroaryl without a —C=N- unit, and combinations

5 thereof,
wherein

each R is independently selected from C.3p alkyl, Cy.39 alkenyl, C.3p alkoxy, Cg.20
aryl, Cg.z9 aryloxy, C;.2p heteroaryl without a ~C=N- unit, C,.3; heteroalkyl, and
combinations thereof; and
10 each X is independently O, S, or NR! where R' is a Cy.3 alkyl, Cga9 aryl, Ci3o

heteroaryl without a —C=N- unit, C.3o heteroalkyl, or combinations thereof.
12.  The compound of claim 11, wherein the end capping group further comprises a

moiety conjugated to a group of Formula CVI to CXXVTI, said moiety selected from a

15 divalent radical of

@

CXXV|||, CXXIX CXXX . CXXXI - CXXXI

CXXXI CXXXIV CXXXV CXXXVI



|l ~1Il ~~1 ~ CLIIlI CLIVor CLV that is unsubstituted or substituted wth
one or nore groups selected fromCl_20 al kyl, C2-20 alkenyl, C-20 al koxy,
C6 20 aryl, ©C6-20 aryloxy, fluoro, Cl-128-fluoroal kyl, Cl-20 perfluoroalkyl,
C 1-20 heteroal kyl, C3-20 heteroaryl without a -C=N- unit, and conbinations
5 thereof, wherein each Ris independently selected fromC ao al kyl, C2,30
al kenyl , Ct 30 al koxy, C6.30 aryl, C6.30 aryloxy, C3-3a heteroaryl w thout
a CN unit, C-30 heteroal kyl, and combi nati ons t|-<aq>' and 10 each R3 is
i ndependen sel ected from Cl - 30 al kyl, al kenyl, CI-30

, : a -CN wunit,
he /conpound of cl aim

11, mhereln t he en .cp|ng group fs sed—a/ noiety conjugated to
a group of Faqr, to CXXVI | noi et elec m a dival ent
radi cal of XW@' Si X.Si,R R%gﬁ{/gi XXVI CLXXVII LI -134 N
0-1-0-1-0 CLXXIX CLXXX O-N N R N CLXXXI CLXXXI | \' / N\ CL
CLXXXI | | .)4
R,
CXLI

R,

CXLII i CXLIV i CXLV CXLVI
[Rh (RL
CXLVII ’ CXLVII CXLIX




that is unsubstituted or substituted with one or nore groups selected from

Cl-20 al kyl, C2-20 5 al kenyl, C1-20 al koxy, C6-20 aryl, C6-20 aryl oxy,

fluoro, C 1.20 fluoroalkyl, C1-20 pek3Bruoroal kyl, C1-20 heteroal kyl, C3-20

heteroaryl without a -C=N unit, and conbi nations thereof, wherein each R

is independently selected fromC -30 al kyl, C2-30 al kenyl, C ao al koxy, Chao

10 aryl, C6-30 aryloxy, C3-30 heteroaryl wi.thout a -C=N- unit, Cl1-30

het er oal kyl , and conbi nations thereof; eg X is independently 0, S, or

NR , wherg isaC-3 : C6.20 ary 30 heteroaryl wthout a

-C=N- uni het e ‘ or conbi natijons thereof; and each t is an

i nt eger equ@ sgnpound of claim 1, wherein the

conpound i ft segnent conprising a

di val ent ' GeCH2np) -*  or a dival ent

pol y(di al kyLsi | oxane) 4 of for s 1)20 fy v 5 where mis

an integer of 1 to 6, y Ts an integ >"and wis an integer of 1

to 10. 15 e comnpoun claiml, whepein the conpound is substituted

with at Ieggﬁpone fluoggﬁyfluoreaTkyl, Qﬁbgerfluoroalkyl group. 10 -136-

16._The GpmReRdeQliuehd QkialfPhfh Bnd BFmS ROt dRdhn ¢, R T, -
alkenyl, Cy.op alkoxy, Ce.20 aryl, Ce.20 aryloxy, fluoro, Cy.2 fluoroalkyl, C| .

perfluoroalkyl, C .5 heteroalkyl, C;.p0 heteroaryl without a —C=N- unit, and combinations
5 thereof,
wherein
each R is independently selected from C|.39 alkyl, Cs.30 alkenyl, C;.3 alkoxy, Ce.30
aryl, Ce.3p aryloxy, Cs.30 heteroaryl without a C=N- unit, C,_3¢ heteroalkyl, and
combinations thereof; and
10 cach R’ is independently selected from hydrogen, Cy.30 alkyl, C2.30 alkenyl, Cy_30
alkoxy, Ce.30 aryl, Cq.30 aryloxy, Ci.30 heteroaryl without a —C=N- unit, C39 heteroalkyl,

and combinations thereof.

15 13.  The compound of claim 11, wherein the end capping group further comprises a

moiety conjugated to a group of Formula CVI to CXXVII, said moiety selected from a

Q0 OO

divalent radical of

X
/A 7\ /o \ / \ N/ \ A\
x M t X R’S‘\R \ X R,Sl\R \

CLXXVI : CLXXVII ] CLXXVIIl



NO~NON CBHL70 CBHO CCX CCXI N / \ C4Hi CgH C4H 1 - Cg
C8H1L70 CBHI 70 CCXI| CCXI | o]
, N C3HnO ccxly = N/ [/ \ [/ \ C8Hn-134- C8H17 CeHn - \ / CeHn N -

H' /
| -137- /CH3 H3Q Fi 3CQ 0~ 0 CH3 ONONO)

Z—hl

C8HNO ccxv -138-

10

15

oo OO
J 0

s

CLXXIX CLXXX ,
Vs YaYss YA
<Ne
CLXXX! ’ CLXXXI

Y .
J Qg
a=v

that is unsubstituted or substituted with one or more groups selected from Cy.59 alkyl, Cazo
alkenyl, C.o9 alkoxy, Ce. aryl, Ce9 aryloxy, fluoro, C.o¢ fluoroalkyl, Ciag
perfluoroalkyl, C).» heteroalkyl, Cs.o0 heteroaryl without a —C=N- unit, and combinations
thereof,
wherein

each R 1s independently selected from C.39 alkyl, Ca.30 alkenyl, Cy.3 alkoxy, Ce.30
aryl, Cq.39 aryloxy, Cj;.30 heteroaryl without a —C=N- unit, Cy_;¢ heteroalkyl, and
combinations thereof;

each X is independently O, S, or NRI, where R! is a Cy.3 alkyl, Cs.20 aryl, C;.30
heteroaryl without a —C=N- unit, C;_3o heteroalkyl, or combinations thereof; and

each t is an integer equal to 0 to 4.



CF3 CF3 CBH17 CF3/ \ \ CBH 17 @ BH17 / CaHl7 CF3 N \ 0, Ni CF3 CF3
CCXVMI 0 -NO, N C8H1L70 or CCXVII 17. The conpound of claim11, wherein the
conpound is anorphous. 5 18. The conpddnd of claim 1, wherein the conpound

is an electron transporting material. -139- 19. The conmpound of claiml1,
wherein the conmpound is both an el ectron and hoI e transporting material.
20. The npo i L t].ng
mat eri al qgnd gacﬁfng%%{ é?o(%m \rl\gﬁil%(lgér] ti ng teri %dsulbgtitﬂtek V%g}n%gés%s% (lgdgn

conpri si et ségient cbmpsiting aripailsnd poly(auyulkiyRge)sefinestofdommEai ¢ core and two
first end capping groups conj ugatis o] the first aromatic core, said
conpound having Fornula 1V: 10 EC/ Q% rey) a

or a divalent poly(dialkylsiloxane) segment of formula

—fsmc Hypoor)s 01—*
y

5 ,

where m is an integer of 1 to 6, y is an integer of 2 to 20, and w is an integer of 1 to 10.

15. The compound of claim 1, wherein the compound is substituted with at least one
fluoro, fluoroalkyl, or perfluoroalkyl group.

10



|V wherein 15 each Ar' is independently a radical of benzene, naphthal ene,
ant hracene, phenanthrene, 9, 1 O-di hydrophenanthrene, 4,5,9, 1
0-tetrahydropyrene, fluorene, 9- sil afl3orene,

6, 12- di hydr oi ndeno[ 1, 2- b] f| uorene, 5, 12-di hydr o- 6H i ndeno[ 1, 2-

b] phenant hrene, 5, 6, 12, 13-t et r ahydr odi benzo[ a, h] ant hr acene,

2- phenyl -9QH- f | substituted or substituted
W th onelgr n3#§ gr SB§&%% %??gp%$§ﬂ??%&%ﬁﬁhﬁdﬂglkenyl al koxy, fluoro,
fluoroal kyl, perfluoroal kyl, heteroal kyl, and bi nati ons thereof, wherein
when Ar' is a radical of benzene, the group EY)a is selected fron125 Y
Y EY, Eor; E each a is independently 1 or each Ey i's independently a
structure of Formula Il or Fornula [11: -140 RN ~N Ar 2 Are 11 1]

each X is independently O, or IS qjkyl aryl, heteroaryl,

het er oal ky it j ons PH- Ar 2 ?§7|ndependently an aryI
group tha ed 0 with one or nore groups selected
from al kyl ; KDOXY, , yl & fluoro, fluoroal kyl,
perfluoroal kyl, hetergal kyl, alkyl oxadiazalyl, aryl oxadiazolyl, alkyl
triazolyl, aryl tbla onI di aryl am no, ar |arylan1no and conbi nati ons

t hereof ; each aste k (- *) i ndi cates the Bati on of a bond to anot her

group in the 10 cg ound; and

CyHy;0 CgH,;0

CCX CCXI

C,H,.0

Ccxi CCXill



each end capping group (EC) is independently a carbocyclic aryl, heteroaryl
wthout a -C=N- unit, or tertiary amno aryl group that is unsubstituted or
substituted with one or nore groups sdBécted from al kyl, al kenyl, al koxy,
aryl, aryloxy, fluoro, fluoroalkyl, perfluoroal kyl, heteroal kyl, heteroaryl
without a -GN unit, and 15 conbinations thereof, wherein said end capping
groups are conjugated to thgyaromatic core; and (b) a second conpound

sel ected froma charge transhbrtiﬁbc terial, a charge blocking material, a

i ght emygging nmaterial ,Qa col or convgrsion materigl, a polyneric binder,
or a conbi’nation thereof.)20 22. The conposition of tlaim2l, wherein the
conposition dbﬁg;ises a Role transpprting ma al and an el ectron
transporting matePjal. 230 The co claim 21, wherein the

g material, an electron
material. -141- 24. The
conpound is selected froma

Z King material, a light emtting
material, a color £ , Oor a conbination thereof, said
second conpound having an aromafy c,yadical that conprises the first aromatic
core of the first 5 conpound, whefelin the aromatic radical of the second

conposition conpri
transporting materi
conposition of cla
charge transportiRg

conpound can be unsubstituted, bstituted with a substituent of a sane
type that is present on the fir romatic core of the first conpound, or
substituted with a substituent is absent on the first aromatic core of

the first conpound; or a sec $Fc)nd cappi ng group that conprises the first

end cappi ng group of 10 the ™ I'fst conpound, wherein the second end cappi ng
group can be unsubstitutqu Xwbstituted with a substituent of a sane type

that is present on the fir ? end capping group, or substituted with a

substituent that is absent on the first end_cappi ng group; or a divalent

radi cal that conprises a dival ent radical the first end capping group of
the first conpound, wherein the divalent rad{cal /R the second conpound can
be 15 unsubstituted, substituted with a subsN of a sanme type that is

present on the first end

C.H

CCXV



cappi ng group, or substituted with a substituent that is absent on the first
end capping group; or a conbination thereof. 20 25. The conposition of
cl ai m 24, wherein the second conpound-li3§- non-pol yneric, said second
conmpound conprising a second aromatic core and at | east one second end
capping group. 26. The conposition of claim25, wherein the second end
cappi ng group of the second 25 conppund conprises the first end capping
group of the first conpound. 27. The Conposition of claim 26, wherein the
second aromatic core of the second ¢ ek is different than the first
aromatic core of the first conmpound ang=t he 3conposition further conprises a
nmononmer m xture conprising a first pshoner 30 conprising the first aromatic
core and a second nonomer conpri sik he second aronmatic core. -142- 28.
The conposition of claim 26, wherei he second aromatic core of the second
conpound is different than the fj=$§t arbgtic core of the first conmpound and
the conposition gwtheryconpris a p@dynmer that is the reaction product of
CFyqi * dorpfi Sing a Fifst mdndner conprising the first aromatic
Ot 6mpri sing the second aromatic core. 29. The
Q Qﬂ!? comprising a light emtting polynmer. 10
30. The cqmposition of claim 25\ further conprising an el ectroactive
pol ymer. ~¥'81. The conposition of/~eNai m 25, further conprising an inactive
pol ymer. 32. The conposition of OcL&i m 25, wherein the second aromatic core
of the second 15 compound conprijses the first aromatic core of the first
conpound. 33. The conposition o aim 32, further conprising a |ight
emtting polymer. 34. The conp ion of claim32, further conprising an
el ectroactive polymer. 20 8B ThHe &Fgposition of claim32, further
conprising an inactive polymer. 36. The conposition of claim 32, wherein the
second end cappi ng greurypf the second conpound is different than the first
end capping group of the first compound and the

CzH,,0
ot CCXVIi
17.  The compound of claim 1, wherein the compound is amorphous.
5
18.  The compound of claim 1, wherein the compound is an electron transporting

material.



25 conposition further conprises a nononmer m xture conprising a first
nonomer conprising the first end capping group or a divalent radical of the
first end capping group and a second-I¥nonmer conprising the second end
capping group or a divalent radical of the second end capping group. 30 37.
The conposition of claim 32, wherein the second conpound has a second end
cappi ng oup is different than the first end. cappin ro of the
first co%rllpegbun(;th g%émpp H%d %ff)cn%lgls#’t‘?/%eﬁm? E}?et(f?él}po%%sr Oéggggfeﬁo@g%&rwc{]%at is the
reacti on tRagsuig @htediafrononer mi xture conprising a first nonomer conpri sing
the first end capping group or a divalent -143- radical of the first end
cappi ng group and a second nononer conprising the second end capping group

or a dival.ent radical o e _second .end capping.gr .. 38. The ¢ sition
of oraimr g aRRopRLol O G ARE R PERRS iX fef e tRing fiaif §RE he
reaq;ionaﬁ@g@u@ﬁngﬁq@nﬂ@nﬁﬂgﬁﬂnixture conprising a first nononer conprising
the first aromatic core of the first conpound. 39. The conposition of claim

21, wherein the second conpound is a polynmer that is the reaction product
of a non r mxture.conprising a first nmononer conprising the 10 first end
cappi ng g oup ‘bFPBPEYROMEISI e first end cappi ng group. 40. The

conposi tion of;el a!a@r@t%oxﬂﬁ&%ﬁ@!c&n?ﬂﬂﬁé@ ieb-d QPbrh i cAIRS SIS firddlend WBping
conposition of ‘claim?21, wherein the conposition is solution processrble.

15 42. Argrompgannjog@tést thedirg adewitzeoon npdicsinpgual leompokerdiubalN:ng an aronati c
corg and two end capping groups conjugated to the aromatic core, said
conﬁbund having Formula V. ECAr'-EC 1 20 (EY)2 |V wherein each Arl is
i ndependently a radical of benzegﬁ _na hLDﬁ%@ne, ant hracene, 25

phenant hrene, 9, 1 0-di hydrophen @hre%%, 75,9, 1 O-tetrahydropyrene,

fluorene, 9- (Ey)a
A"
wherein
15 each Ar' is independently a radical of benzene, naphthalene, anthracene,

phenanthrene, 9,10-dihydrophenanthrene, 4,5,9,10-tetrahydropyrene, fluorene, 9-
silafluorene, 6,12-dihydroindeno[1,2-b]fluorene, 5,12-dihydro-6H-indeno{1,2-
b|phenanthrene, 5,6,12,13-tetrahydrodibenzofa,h]anthracene, 2-phenyl-9H-fluorene, or
acenaphthene that is unsubstituted or substituted with one or more groups selected from

20 alkyl, alkenyl, alkoxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, and combinations
thereof,

wherein when Ar' is a radical of benzene, the group

1
*

*

%r
is selected from
25 ¥ s ¥ , 01’; Y -,

each a is independently 1 or 2;

each Ey is independently a structure of Formula II or Formula III:



si |l afl uorene, 6, 12-di hydroi ndeno[ 1, 2-b]fl uorene, 5, 12-di hydro-6Hindeno[1, 2-
b] phenant hrene, 5,6, 12, 13-t etrahydrodi benzo[ a, h] ant hr acene,

2- phenyl -9H-fl uorene, or acenapht henel4dhat i s unsubstituted or substituted
wi th one or nore groups selected from alkyl, alkenyl, alkoxy, fluoro,
fluoroal kyl, perfluoroal kyl, heteroal kyl, and conbinations 30 thereof,
wherein when Ar' is a radical of benzene,,the group -144- | (Ey)a 1is
selected fromEY EY or; EY each a is independently 1 or 2; 5 each Ey is

i ndependently a structure of Fornula |1 Formula 111: xN X LN ~N ~N Are

Are 11 11l each Xis independently 0, § or NR, where R is alkyl, aryl,
het eroaryl, heteroal kyl, or nmbi nati ons{thereof; 10 each Ar 2 is
i ndependently an aryl group th N S unsub ituted or substituted wth one

fl uoroal kyl, perfluoroal kyl, | kyl, oxadi azol yl , aryl

oxadi azol yl, al kyl trlazolyl ryI trla Qlyl dlarylanlno aryl di aryl am no,
and conbi nati ons thereof ; eaéﬁ asteri sk® (-*) indicates the |ocation of a
bond to another group in the 15 conpo ﬁ and each end capping group (EQC

i s independently a carbocycll aryl, eroaryl wthout a -C=N- unit, or
tertiary amno arylea%mplﬂ({agéndeﬁﬂ osybalwﬁumr@w Runak) atr%}l Bt one or
nore groups selected from kényl, al'’koxy, aryl, [ oxy, uoro,

f 1 uor oal Keterodkyl pardohibinapi@hk thereoiet er oal kyI het er oaryl wi thout a -C=N

nit, and conbinatio er. eof , erein, said en
goln J %g ated to ![ he Ig@glhé{:{llé 1Q£§pgr_1devw?y an Iaryl grolup that ?s Snasggsltﬂgteg [)19 glR)ssut%Ee%

with one or more groups selected from alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro,

or nore groups selected from al k I alkoxy, aryl, aryloxy, fluoro,
éroa I

fluoroalkyl, perfluoroalkyl, heteroalkyl, alkyl oxadiazolyl, aryl oxadiazolyl, alkyl triazolyl,
aryl triazolyl, diarylamino, aryldiarylamino, and combinations thereof ;
each asterisk (-*) indicates the location of a bond to another group in the
10 compound; and
each end capping group (EC) is independently a carbocyclic
aryl, heteroaryl without a C=N- unit, or tertiary amino aryl group that is unsubstituted or
substituted with one or more groups selected from alkyl, alkenyl, alkoxy, aryl, aryloxy,
fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl without a —C=N- unit, and
15 combinations thereof, wherein said end capping groups are conjugated to the aromatic
core; and
(b)  asecond compound selected from a charge transporting material, a charge
blocking material, a light emitting material, a color conversion material, a polymeric
binder, or a combination thereof.
20
22.  The composition of claim 21, wherein the composition comprises a hole

transporting material and an electron transporting material.

23.  The composition of claim 21, wherein the composition comprises a hole

25 transporting material, an electron transporting material, and a light emitting material.



-145- 43. The organic el ectronic device of claim42, wherein the device is
an organic electrolum nescent device. 44. The organic el ectronic device of
cl aim43, wherein the organic el ectrol-tédli-nescent 5 device conprises an
organi c em ssive elenment conprising the conmpound of Formula IV. 45. The
organi c el ectronic device of claim44, wherein the organic em ssive el enent

further c rises a charge.transportin terial, a char | ogki ng
e al 25 pol Jrssiooniggng sl oMb FEREEPR somRaf B St it
conver si Oghat@temspdtin@nz@Hal, Rahh@R HhRahatedd), 4Bght UASHRIpUAREGalSd 8464 ONI C

device of claim 44, wherein the organic em ssive elenment has nultiple
| ayer s anepnyversionangseris dorof cominafica tharepfs saigh second ghmpewrid having | ayer. 47. The

010, eELy O €GeS TR L0 oo
t ranspor t dgaghdudld Bkherein the aromatic radical of the second compound can be unsubstituted,
substituted with a substituent of a same type that is present on the first aromatic core of the
first compound, or substituted with a substituent that is absent on the first aromatic core of
the first compound; or
a second end capping group that comprises the first end capping group of
10 the first compound, wherein the second end capping group can be unsubstituted,
substituted with a substituent of a same type that is present on the first end capping group,
or substituted with a substituent that is absent on the first end capping group; or
a divalent radical that comprises a divalent radical of the first end capping
group of the first compound, wherein the divalent radical in the second compound can be
15 unsubstituted, substituted with a substituent of a same type that is present on the first end
capping group, or substituted with a substituent that is absent on the first end capping
group; or

a combination thereof.

20 25.  The composition of claim 24, wherein the second compound is non-polymeric, said

second compound comprising a second aromatic core and at least one second end capping

group.

26. The composition of claim 25, wherein the second end capping group of the second

25 compound comprises the first end capping group of the first compound.

27.  The composition of claim 26, wherein the second aromatic core of the second
compound is different than the first aromatic core of the first compound and the
composition further comprises a monomer mixture comprising a first monomer

30 comprising the first aromatic core and a second monomer comprising the second aromatic

core.
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-142-

28.  The composition of claim 26, wherein the second aromatic core of the second
compound is different than the first aromatic core of the first compound and the
composition further comprises a polymer that is the reaction product of a monomer
mixture comprising a first monomer comprising the first aromatic core and a second

monomer comprising the second aromatic core.

29.  The composition of claim 25, further comprising a light emitting polymer.

30.  The composition of claim 25, further comprising an electroactive polymer.
31.  The composition of claim 25, further comprising an inactive polymer.
32.  The composition of claim 25, wherein the second aromatic core of the second

compound comprises the first aromatic core of the first compound.

33.  The composition of claim 32, further comprising a light emitting polymer.

34.  The composition of claim 32, further comprising an electroactive polymer.

35. The composition of claim 32, further comprising an inactive polymer.

36.  The composition of claim 32, wherein the second end capping group of the second

compound is different than the first end capping group of the first compound and the
composition further comprises a monomer mixture comprising a first monomer
comprising the first end capping group or a divalent radical of the first end capping group
and a second monomer comprising the second end capping group or a divalent radical of

the second end capping group.

37.  The composition of claim 32, wherein the second compound has a second end
capping group that is different than the first end capping group of the first compound and
the composition further comprises a polymer that is the reaction product of a monomer

mixture comprising a first monomer comprising the first end capping group or a divalent
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-143-

radical of the first end capping group and a second monomer comprising the second end

capping group or a divalent radical of the second end capping group.

38.  The composition of claim 21, wherein the second compound is a polymer
comprising the reaction product of a monomer mixture comprising a first monomer

comprising the first aromatic core of the first compound.

39.  The composition of claim 21, wherein the second compound is a polymer that is
the reaction product of a monomer mixture comprising a first monomer comprising the

first end capping group or a radical of the first end capping group.

40.  The composition of claim 21, wherein composition is amorphous.
41.  The composition of claim 21, wherein the composition is solution processible.
42.  An organic electronic device comprising a compound having an aromatic core and

two end capping groups conjugated to the aromatic core, said compound having Formula

Iv:

EC——AI\rl——Ec
(E,),

v

wherein

each Ar! is independently a radical of benzene, naphthalene, anthracene,
phenanthrene, 9,10-dihydrophenanthrene, 4,5,9,10-tetrahydropyrene, fluorene, 9-
silafluorene, 6,12-dihydroindeno|1,2-b]fluorene, 5,12-dihydro-6H-indeno|[ 1,2-
b]phenanthrene, 5,6,12,13-tetrahydrodibenzo[a,h]anthracene, 2-phenyl-9H-fluorene, or
acenaphthene that is unsubstituted or substituted with one or more groups selected from
alkyl, alkenyl, alkoxy, fluoro, fluorcalkyl, perfluoroalkyl, heteroalkyl, and combinations
thereof,

wherein when Ar' is a radical of benzene, the group
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1

*

*———%r
(E,),

is selected from

each a is independently 1 or 2;

each Ey is independently a structure of Formula II or Formula III:

*

x N x N

>;N >§N

A A .
11 1

each X is independently O, S, or NR', where R is alkyl, aryl, heteroaryl,
heteroalkyl, or combinations thereof;

each Ar’ is independently an aryl group that is unsubstituted or substituted
with one or more groups selected from alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro,
fluoroalkyl, perfluoroalkyl, heteroalkyl, alky! oxadiazolyl, aryl oxadiazolyl, alkyl triazolyl,
aryl triazolyl, diarylamino, aryldiarylamino, and combinations thereof ;

each asterisk (-*) indicates the location of a bond to another group in the

compound; and

each end capping group (EC) s independently a carbocyclic aryl, heteroaryl
without a ~C=N- unit, or tertiary amino aryl group that is unsubstituted or substituted with
one or more groups selected from alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl,
perfluoroalkyl, heteroalkyl, heteroaryl without a -C=N- unit, and combinations thereof,

wherein said end capping groups are conjugated to the aromatic core.
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43.  The organic electronic device of claim 42, wherein the device is an organic

electroluminescent device.

44.  The organic electronic device of claim 43, wherein the organic electroluminescent

device comprises an organic emissive element comprising the compound of Formula [V.

45.  The organic electronic device of claim 44, wherein the organic emissive element
further comprises a charge transporting material, a charge blocking material, a polymeric

material, a light emitting material, a color conversion layer, or a combination thereof.

46.  The organic electronic device of claim 44, wherein the organic emissive element

has multiple layers and the compound of Formula IV is in a light emitting layer.

47.  The organic electronic device of claim 44, wherein the organic emissive element

has multiple layers and the compound of Formula IV is in a charge transporting layer.





