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priority fromU.S. Provisional Application Serial No. 60/394767, filed
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transmitting electrical contact layer upon application of a voltage across
20 the electrical contact layers.
It is well known to use organic electroluminescent compounds as
the active component in light-emitting diodes. Simple organic molecules,
conjugated polymers, and organometallic complexes have been used.
Devices which use photoactive materials, frequently include one or
25 more charge transport layers, which are positioned between the
photoactive (e.g., light-emitting layer) layer and one of the contact layers.
A hole transport layer may be positioned between the photoactive layer
and the hole-injecting contact layer, also called the anode. An electron
transport layer may be positioned between the photoactive layer, such as
30 the organometallic light emitting material, in photoactive devices, and the
electron-injecting contact layer, also called the cathode.
There is a continuing need for charge transport materials and anti-
guenching materials.
SUMMARY OF THE INVENTION
35 The present invention is directed to a charge transport composition
which is a quinoxaline derivative. The quinoxaline derivative has Formula
I, shown in Figure 1, wherein:
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mul tival ent group; 'S an I nteger o at [east is 0 or 1 and X
is 0 or an integer TPom 1 to 3. 25 In another enbodiment, the present

inventiog is direcsed iheger froh dBrdughMP @ conposi tion having Forml a
[11, shown in Fi ur(é 3, ngegiﬁei n: I?],q1 R2 f‘ through d, n, and z are as
def i ned above, 5 0 qrian Wegerdromilihmudit+at each occurrence and is
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a single bond and a group selected from alkylene,
heteroalkylene, arylene, heteroarylene, arylenealkylene, and
heteroarylenealkylene; alkynylene, alkynylenearylene,
20 alkynyleneheteroarylene.
Q is selected from a single bond and a multivalent group;
m is an integer equal to at least 2,

pis0or1and
X is 0 or an integer from 1 to 3.
25 In another embodiment, the present invention is directed to a
charge transport composition having Formula lil, shown in Figure 3,
wherein:

R1, R2, a through d, n, and z are as defined above,
R3 is the same or different at each occurrence and is selected from
30 a single bond and a group selected from alkylene,
heteroalkylene, arylene, heteroarylene, arylenealkylene, and
heteroarylenealkylene; alkynylene, alkynylenearylene,
. alkynyleneheteroarylene.
Q is selected from a single bond and a multivalent group;
35 m is an integer equal to at least 2; and
pisOor1.
In another embodiment, the present invention is directed to an
electronic device having at least one active layer comprising a material
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25 one point of attachment, which group may be unsubstituted or substituted.
The term “alkylene” is intended to mean a group derived from an aliphatic
hydrocarbon and having two or more points of attachment. The term
“heteroalkylene” is intended to mean a group derived from an aliphatic
hydrocarbon having at least one heteroatom and having two or more

30 points of attachment. The term “alkenyl” is intended to mean a group
derived from a hydrocarbon having one ore more carbon-carbon double
bonds and having one point of attachment, which group may be
unsubstituted or substituted. The term “alkynyl” is intended to mean a
group derived from a hydrocarbon having one or more carbon-carbon

35 triple bonds and having one point of attachment, which group may be
unsubstituted or substituted. The term “alkenylene” is intended to mean a
group derived from a hydrocarbon having one or more carbon-carbon
double bonds and having two or more points of attachment, which group
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one point of attachment on an alkyl group. The term
25 “heteroarylenealkylene” is intended to mean a group having both aryl and
alkyl groups and having one point of attachment on an aryl group and one
point of attachment on an alkyl group, and in which there is at least one
heteroatom. Unless otherwise indicated, all groups can be unsubstituted
or substituted. The phrase “adjacent to,” when used to refer to layers in a
30 device, does not necessarily mean that one layer is immediately next to
another layer. On the other hand, the phrase “adjacent R groups,” is used
to refer to R groups that are next to each other in a chemical formula (i.e.,
R groups that are on atoms joined by a bond). The term “compound” is
intended to mean an electrically uncharged substance made up of
35 molecules that further consist of atoms, wherein the atoms cannot be
separated by physical means. The term “ligand” is intended to mean a
molecule, ion, or atom that is attached to the coordination sphere of a
metallic ion. The term “complex”, when used as a noun, is intended to
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20 from the following detailed description, and from the claims.

DESCRIPTION OF THE DRAWINGS
Figure 1 shows Formula | for a charge transport composition of the

invention.
25 Figure 2 shows Formula Il for a charge transport composition of the
invention.
Figure 3 shows Formula lll for a charge transport composition of
the invention.
Figure 4 shows Formulae I(a) through I(ag) for a charge transport
30 composition of the invention.
Figure 5 shows Formulae 1V(a) through IV(h) for a multidentate
linking group.
Figure 6 shows Formulae ll(a) through lI(l) for a charge transport
composition of the invention.
35 Figure 7 shows Formulae V(a) through V(e) for electroluminescent
iridium complexes.
Figure 8 is a schematic diagram of a light-emitting diode (LED).
Figure 9 is a schematic diagram of a testing device for an LED.



Figure 8 is a schematic diagramof a light-emtting diode (LED). Figure 9
Is a schematic diagramof a testing device for an LED. 5 WD 2004/ 006355
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B e C e Lt i e
medi um The alkynylheteroaryl, CyHgFp, OCHaFph, CeHcFd, and OCgHGFy.

In one embodiment, both of R2 together are a biarylene group, '
which may be further substituted. In one embodiment, the biarylene group
is selected from biphenylene and bipyridylene. The substituent can be

25 selected from F, Cl, Br, hydroxyl, carboxyl, cabonyl, silyl, siloxyl, alkyl,
heteroalkyl, alkenyl, alkynyl, aryl, heteroaryl, alkylenearyl, alkenylaryl,
alkynylaryl, alkyleneheteroaryl, alkenylheteroaryl, alkynylheteroaryl,
CnHaFp, OCnHaFp. CeHcFg, and OCgHcFg-

Examples of suitable ET/AQ compounds of this type include, but

30 are not limited to those given as Formulae I(a) through I(ag) in Figure 4.

The compositions represented by Formula | can be prepared using
standard synthetic organic techniques, as illustrated in the examples. The
compounds can be applied as thin films by evaporative techniques or
conventional solution processing methods. As used herein, “solution

35 processing” refers to the formation of films from a liquid medium. The
liquid medium can be in the form of a solution, a dispersion, an emulsion,
or other forms. Typical solution processing techniques include, for




liquid nediumcan be in the formof a solution, a dispersion, an enul sion,
or other fornms. Typical solution processing techniques include, for 6 WO
2004/ 0063806 2PI06IBR003/ 021618 exanpl e, sol ution casti n@CTdrse@3masts ng,
curtain casting, spin-coating, screen printing, inkjet printing, gravure

printing, an [ : et [ I.Acf.ease the Tg of
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itional e es. of multival en roups,are given in Figure 5 as

For mul ae. V( BN NAIPBLIBIKING HIOUP Seroh AL Beiieh e raaena BBBiR may be

| i nked t o awheatiyehtterostootd carobe;for ekamble, NI @, S\Mih$i. Examplestdiie Si at ons

can be 20 || rge:; S | A { s Ge and

Sn can al sh{lﬁ@%dégtﬁoﬁﬁg T 'rﬁ-{(C!Lﬁ% gﬁ%ﬁ%ﬁﬁ@%mgi “[Si lﬁ%l 1] n-,

where Rl aaddmrligmylense detipseandboglogous cgamauads with kelgroatamsger equal to

at | easyg2. g ,@QQQEI@HH@,‘%M RIBBENhY ABnidtRs HRIDRSteRIardiatitab! e 11 nking
positions on and onh the 25 8’ onetrires of the gui noxali Hgiognﬁl)ety and Q In

one enbodi nBRfaNYRess syeh astfiayEMinEsFIRANERAASIOKGNES 1 AY odi nent, in
Formul a 11, eRdmipleséf gattrdidnt Qryugsdre gyivkn mUtiglire Staed-gphmeiag V@aoups. The
Sust 1 e g Yok BN AR, Ay Cegpr Eotp ey tRSIBERRL YL 2 ker
al kyl acet at ehamyediransparamoiety! IigFoupsla IWigh) Anyef theSt atontecarsbbsti tuted. In
o o2 Hike 8 AR Fablporhoay PG AR o S catay, 10, |
from pheny| ai® log ggpd. Thedikinagresp saam)so BeoliiMe HIESFM?R"me}'MB?"eand
substi t ut edRIyahdiWl are as defined above.
In general, m is an integer equal to at least 2. The exact number
depends on the number of available linking positions on Q and on the
25 geometries of the quinoxaline moiety and Q. In one embodiment, m is an
integer from 2 through 10.
In one embodiment, in Formula II, R1 is selected from phenyl and
substituted phenyl groups. The substituents can be selected from F, Cl,
Br, alkyl, heteroalkyl, alkenyl, and alkynyl.
30 In one embodiment, in Formula Il, R1 is selected from alkylacetate
and arylcarbonyl groups, which may be further substituted.
In one embodiment, in Formula 11, R is selected from alkyl groups
having 1 through 12 carbon atoms.
In one embodiment, in Formula I, R2 is selected from phenyl
35 groups, substituted phenyl groups, pyridyl groups, and substituted pyridyl
groups. The substituent can be selected from F, Cl, Br, hydroxyl,
carboxyl, carbonyl, silyl, siloxyl, alkyl, heteroalkyl, alkenyl, alkynyl, aryl,
heteroaryl, alkylenearyl, alkenylaryl, alkynylaryl, alkyleneheteroaryl,



groups. The substituent can be selected fromF, d, Br, hydroxyl,
carboxyl, carbonyl, silyl, siloxyl, alkyl, heteroal kyl, al kenyl, alkynyl,
aryl, hewenoawopb3ssal kyl enearyl, al kenyl aryl, al kynyl ar pCT/US2003/021618

al kyl eneheteroaryl, 7 WD 2004/ 006355 PCT/U82003/021618 alkenylheteroaryl,
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whi ch may b@CgltdHaer substituted. In one enbodi ment, 5 the biarylene group
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sel ect ed frgm agilpkyl, alied,dvatarogikyl, alkqdy,l alkyhyheargt, dnatemlaryll n one enbodi ment,

enbodi ment., SikyeRgahl, aREnMERESIRBOE SidAeriuteisiRRl) ARbAAnSIRY, |1 one
havi ng f r onalkynylhetegeans Qﬂ*aﬁb&ﬁnﬁb&!ﬁcaﬁv‘:maﬁd @eHbEd{ her substltut ed.

In one ﬁﬁbod' MeNjp oh@mﬁﬁﬁdaﬁlnén{ lin Foﬁﬂrul‘asll sekqrted from phenyl al kenyl and
phenyl akynyl groups bsti tut | n one enbodlnent
f

in Formula I11, RiONG eﬁ@?%’d’i“@é L. Eﬁ’f’ﬁﬂ“@fj[ 6{%%{%%%60113 AP @¥ar bonyl gr oups,
whi ch may bﬁetb%éﬂyerallgn,bahdthﬁta@alkgzn IlnrbmeanQdemem Formul&dt, :s 11, RL

| d_f kyl
enbodi mont  FHeRBEeY RITSY R sUBHORA AN BT ate chifbaiRel 80, |\ Oy |
sel ect ed frBormaukall), R%m seloglegl| froralakgyl andmte:f@aaqybhawpg ffOlTMcth@l@hbodl ment ,
in Formy a ‘It'cart%?wg %ﬁﬁh?ﬁéfﬁ’eﬂrﬂi@r@&%@mut@&d substituted phenyl. In

one enbodi nent, 1n IS sel ec and het er oal kyl
having from 1 tPﬂ@G@ﬁ"l@Q!@leBt)ﬂn aeEREla NinRe ﬁ&[ﬁoé‘aéjijfreét her substituted.
EPeﬁlr 1; I g eéglr‘fﬁhu)ﬁélk@h i arﬁ&pﬁ?g . gﬂ vxévnmclrggavgufurﬂheawbgiw@d r ; n "
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t he charge andmsylcatbonyhpasipsi whichahay be furtheesmbsimtpdsi tioned between a
ipEOJI[:iogﬁéde vg | .?_Kgfn dgﬂg e?ﬁq%gh%g&grirgﬁ&m&a i1y R1G8lscflYe F froft AINALGHHEPE S Shown
having 1 through 12 carbon atoms.
In one embodiment in Formula 1lI, R is H.
In one embodiment in Formula I, R3 is selected from aryl,
heteroaryl, alkyl, and heteroalkyl. In one embodiment, in Formula lli, R3
25 is selected from phenyl and substituted phenyl. In one embodiment, in
Formula Ill, R3 is selected from alkyl and heteroalkyl having from 1
through 12 carbon atoms, which may be further substituted.
Specific examples of linked compounds having Formuia |l are given
in Figure 6, Formulae ll(a) through lI(l).
30 Electronic Device
The present invention also relates to an electronic device
comprising at least one of the charge transport compositions of the
invention positioned between a photoactive layer and one electrode. A
typical device structure is shown in Figure 8. The device 100 has an
35 anode layer 110 and a cathode layer 160. Adjacent to the anode is a layer
120 comprising hole transport material. Adjacent to the cathode is a layer
140 comprising an electron transport and/or anti-quenching material
(“ET/AQ”"). Between the hole transport layer and the electron transport




35 anode | ayer 110 and a cat hode | ayer 160. Adjacent to the anode is a
| ayer 120 conprising hole transport material. Adjacent to the cathode is a
I ayer 149®Oc:zommo'615isng an electron transport and/or anti Pguarsesnsgiengt eri al

("ET/AQ'). Between the hole transport |ayer and the electron transport 8 WO
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under st ood t hat {The CEJWI@@hm&td@TINatIVGhé@mp@UBéS o theninvantign aempati bl e with
the phOLS’aCPéMﬁ;uIQfBﬁuéeﬁhl é@ﬁ% elE@t”roﬁiﬁ%ﬁQb&‘t anbife® a'ﬁT-’-cfb@n'&H ial has to form

a snoot deposi t t he hot oacti ve mater
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made of, f tayeekalighteemiitirg dieds. cont ai ni ng a net aI m xed nmetal, all oy,
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device will deteriorate.

25 The other layers in the device can be made of any materials which
are known to be useful in such layers. The anode 110, is an electrode that
is particularly efficient for injecting positive charge carriers. It can be made
of, for example materials containing a metal, mixed metal, alloy, metal
oxide or mixed-metal oxide, or it can be a conducting polymer, and

30 mixtures thereof. Suitable metals include the Group 11 metals, the metals
in Groups 4, 5, and 6, and the Group 8-10 transition metals. If the anode
is to be light-transmitting, mixed-metal oxides of Groups 12, 13 and 14
metals, such as indium-tin-oxide, are generally used. The anode 110 may
also comprise an organic material such as polyaniline as described in

35 “Flexible light-emitting diodes made from soluble conducting polymer,”
Nature vol. 357, pp 477-479 (11 June 1992). At least one of the anode
and cathode should be at least partially transparent to allow the generated
light to be observed.



al so conprise an organic material such as polyaniline as described in 35
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Exanpl 21;5] of R{‘IﬁCN wgtéggléltg wg%@%igél?%ﬂcﬁc@ﬁajw 481 mraeﬁmea(mqf ? ?%)rlw:m nescent

materials. GPHRINGING sPPPeURYS IAFrRAREEE %ﬁﬁ&%%owrﬁv HPe¥red. The
nost pref er heté ﬁammwpblwmméaréﬁowmmbaicaéed i ridiumand platinum

with phenyl SatthetSIRRAT A Poriatise ahBRIRELes HRIRRE FRARas have "
It:))gﬁ_n di scl opedsibte toedhtainrhulle tianepering pnbymemhbsd@mng’éloﬂa)traespﬁﬁlng Publ i shed
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described in 0019782, EP
1191612, V\Dpob@YIQBQ@ndMOEFbQ'l@QGM El ectrol umi nescent devices with an

active layer of m@mpieéyt theasHaadtRe(IBYE) 13Ppeiide dinkm®i@l | i ¢ conpl exes of

electroluminescent materials. Organometallic electroluminescent
compounds are preferred. The most preferred compounds include

25  cyclometalated iridium and platinum electroluminescent compounds and
mixtures thereof. Complexes of Iridium with phenylpyridine,
phenylquinoline, or phenylpyrimidine ligands have been disclosed as
electroluminescent compounds in Petrov et al., Published PCT Application
WO 02/02714. Other organometallic complexes have been described in,

30 for example, published applications US 2001/0019782, EP 1191612, WO
02/15645, and EP 1191614. Electroluminescent devices with an active
layer of polyvinyl carbazole (PVK) doped with metallic complexes of
iridium have been described by Burrows and Thompson in published PCT
applications WO 00/70655 and WO 01/41512. Electroluminescent

35 emissive layers comprising a charge carrying host material and a
phosphorescent platinum complex have been described by Thompson et
al., in U.S. Patent 6,303,238, Bradley et al., in Synth. Met. (2001), 116 (1-
3), 379-383, and Campbell et al., in Phys. Rev. B, Vol. 65 085210. as have
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or all of anode layer 110, the hole transport layer 120, the electron
transport layers 140 and 150, and cathode layer 160, may be surface

25 treated to increase charge carrier transport efficiency. The choice of
materials for each of the component layers is preferably determined by
balancing the goals of providing a device with high device efficiency with
device operational lifetime.

It is understood that each functional layer may be made up of more

30 than one layer.

The device can be prepared by a variety of techniques, including
sequentially vapor depositing the individual layers on a suitable substrate.
Substrates such as glass and polymeric films can be used. Conventional
vapor deposition techniques can be used, such as thermal evaporation,

35 chemical vapor deposition, and the like. Alternatively, the organic layers
can be applied from solutions or dispersions in suitable solvents, using
any conventional coating or printing technique, including but not limited to
spin-coating, dip-coating, roll-to-roll techniques, ink-jet printing, screen
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the rei arivihEe i%lﬁ%% Stef P ROIRhickiges SfadifiayBR"THE, Bic ect od BY
el ectron-t rﬁm}?ﬂﬂsﬁ P%Ff@ﬁrtﬁﬁﬂﬁ’oéﬂ@%%rrﬁ@%‘q hetchogen s9 tBpkder on- hol e

Ir econblt 'Lmt Ik elRcEOAhIIS redbrﬁﬂﬂﬂghom Eb?lérﬁ mtthaqghtﬁaﬁrttm'?r h@yéiesrrrreeabsnre@t io 01‘1
ayer I CKNESS en 0] e nat ur e ri. use
Tha qui noxaliReodaven/ kGBS E Pl Arteriy it e ik feflm dhig Bestetdsr ui 'S
appl i cati onased.her than OLEDs. For exanple, these 15 conpositions may be
ised in 1ol d ef faeAufiLeiE denlatfd EomBBaAY of RETHFEMAIMAVRY TOY, 2 50 P
(TFT) di spl ugefyl inappligpiiens athesRan Bikls. Br epasnplel theseng exanpl es
They are | nyanBogons iy '?‘?3289 IPHORMORGE devites fof %‘ﬂa%ﬁ?% imiting
AT por cent SgETsIon” A umgH IS by Sed it iR areet Fangtordohs s et ES 1o16
These exanpheg thihlfirattraxsistoh@ Hinelisplay davecdpglicationsl | ne derivative 25
ETI AQ conmposi tions. EXAMPLE 1 Thi sm&i | lustrates the preparation of

Compound I (n) in Figure 4. An ove eseal abl e Schl enk flask was
charged with 2, 3Theifellpwigg exhmples ualyate-@riainfaajuiase adentaged g, 5. 00

mol ), RRAT 8pf Sl present invention. They are intended to be illustrative of the
invention, but not limiting. All percentages are by weight, unless otherwise
indicated.
EXAMPLES 1-16
These examples illustrate the preparation of quinoxaline derivative
25 ET/AQ compositions.

EXAMPLE 1
This example illustrates the preparation of Compound I(n) in Figure

An oven-dried resealable Schlenk flask was charged with 2,3-(bi-4-
30 fluorophenyl)-6-bromoquinoxaline (2.00 g, 5.00 mmol), para-tert-
butylstyrene (1.02 g, 6.40 mmol), Na,CO3; (0.68 g, 6.40 mmol), trans-di(u-
acetato)bis[o-(di-o-tolyl-phosphino)benzyl]dipalladium (II) (0.020 g, 0.02
mmol) and 2,6-di-tert-butyl-p-cresol (0.552 g, 2.50 mmol) and N,N-
dimethylacetamide (12mL). The Schlenk flask was sealed with a Teflon
35 valve and the reaction mixture was heated at 130°C for 21 h. The
resulting mixture was cooled to room temperature, diluted in Et,O (230
mL) and filtered through a pad of silica. The filtrate was washed with
water (2x100 mL) and brine (1x50 mL). The organic layer was dried and
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butyl styrene (1.02 g, 6.40 nmmol), Na2C33 (0.68 g, 6.40 mmol ), trans-di (-
acet at o) bi s[o-(di-o-tolyl-phosphi no) benzyl]dipal lad iu m(Il) (0.020 g,
0. 02 mowWY 200u08356- di -t ert-butyl -p-cresol (0.552 g, 2. P0oTrseé0s/0areds N, N-
di mret hyl acetam de (12nlL). The Schl enk flask was sealed with a Teflon 35

val ve and { Benégapiibato \»étélemd@éroaaef\ﬁﬂlcﬁtwééﬁh%nf@rg%% A feSU'“ ng

m xture was led to r eg‘f erat ure and
qrel &

filtered thf wﬁatagmwp he pyrRPraduct as @ lm&—y@%@m@hwﬁ ﬁ2°/wvat er

(2x100 ni) @na1ley)ivied ( FEAMR 376 BHRCRITIS): bavas.adsngtied.sand 12 WO
2004/ 006355 PCT/ US2003/ 021618 conecent.r to give a crude product which

was then purified by flash chroma o afford the pure product as a
li ght -yeb | ow sol iTHis exarapie ifustiztes they predpdrati®FoMBEHNOBEAd $(dhiin FiguPs! 2) : 8

-113. 48 andy- 113. 58. EXAI\/PLE 2 5 This exanple illustrates the preparation
of Compound [(0) in Figure . An oven-dried reseal abl e Schl enk flask was

charged with 4- mMe@p@reeq/r%@@dqbl@ﬁ@h(e{mka‘ngyanmgmnhhi}m | (db '3
2, 3- (bi - 4- f fyeropRBAMALLtyfonIRIBA ! DPEFhii Jag; @flé%roggg gPd2(dba) 3
0.046 g, O. 5 | 0"t h 0066
(0. Ologg, o ?"?Xém?{ &l%%ﬁ@%ggl (n(%@a)ﬂ!)o 04&6 P10Bsamals then seal ed
zéugcrgamd mpr@hgapﬂqorsphm (bessg, dlzssrmot)lgm(new eO}MTm%dI rﬁﬂthh
Wwas | an
concentr at eﬂ?ﬁﬁyv}%ﬁhb%%aﬁ‘%ﬁﬁé uﬂ% gagéﬁ?% gflﬁg Yj@égbgcd’\ﬁ%rs purified
by repeat ed24dwhitss e teatoh exiziues Wedxdiited yith CHiGlp, dN@sKHZ:ﬂwgh B0 yiel d).
1H NMR ( CD2 0 1 H 8.8
TSR e b kL
(m 4H), 7. aghesi 14(m 1 F),
-0313. ﬁngﬁr} (H&an@(@@b%@) {&0yidiai ¢.o2% (eles wEIdJSﬂHﬁ{lmR GENGS 651%1?2 'n ?nf ?f_., .
(0]
Compound, (b £591511%0Re) S28RY 1453 10 859 B0 BRGNS 1 (1) From
(45 ). ng_Sﬁe&%ﬁ)Jﬁﬂ4ﬁi XOudd, NdsJ£5.45B8), mat\v m(mgeir)ﬂrzn%:wri zed g 0
H
ﬁggelrosi/gcuu rﬁnélﬁ wEe‘Qpro@fél%a%&E@rﬁ 3 ﬁquﬁ'f a’\s/ﬁé “oﬂt(%\F?EbrEWDVE

(5%t OAc/ hexane, where "Et" repre and "OAc" represents acetate)

to yielgha Iight Th%@iﬂa(h\f\b|@%%@faté@th%2&egaﬂa3&w of SEmPBIhd RGPirBrigare CP2C 2) :
8 -111. 14 2”d -114.
A reactor was charged with Compound I(n) from Example 1 (1.70g,
3.55 mmol), ESCAT 140 Pd/C catalyst (0.056 g), and MeOH (45 mL). The
reaction mixture was flushed with nitrogen, pressurized to 500 psig H2 and
25 heated up to 60 C for 8h. The volatiles were removed under vacuum and
the product was purified by flash chromatography (5%EtOAc/hexane,
where “Et” represents ethyl and “OAc” represents acetate) to yield a light-
yellow powder (0.220 g,13%). '°F NMR (376.8 Hz, CD,Cl,): § —111.14
and —114.60.
30 EXAMPLE 4
This example illustrates the preparation of Compound I(b) in Figure

A mixture of 3,4-diaminotoluene (28.78 g, .236 mol) and benzil (45
g, .214 mol) was refluxed in 738 mL chloroform with 2.16 mL trifluoroacetic
35 acid for 3 hours. The mixture was washed 3 times with 10%HCI, brine, and
dried over MgSOQy, filtered, and then filtered through a silica bed with
vacuum. The resultant solution was evaporated to dryness. Recrystalized
69 grams of crude product from 550 mL methanol. Filtered solids were
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30 EXAVPLE 4 This exanple illustrates the preparation of Conpound I(b) in
Figure 4. A mxture of 3,4-diam notoluene (28.78 g, .236 nol) and benzil
(45 g, .w0Loemiop3sdas refluxed in 738 nmL chl or of orm wi t IRCZ/UBB0031021618
trifluoroacetic 35 acid for 3 hours. The m xture was washed 3 tinmes with
LOYHCH, DI | Bfed 1S vallii bt B8R0y 1 HAur kG YRl 5876 gee?anéa shff.ed L hr ough
a silica be he resul tant solution was ®evaporated to dryness.
Recrystali 26887 Gg"ﬁﬂam; of crude product from 550 nmi et hanol Filtered
solids were 13 WD 2004/006355 PCT/ US2003/021618 dried in a vacuum oven at
50C for 1 hour to yield 55.56 g ofg&rsi@ﬂ_ggid. 78.8% vyield EXAMPLE 5 5
This exanple illustrates the prepa ' Compound 1(e) in Figure 4. A
m xture &f 3 4- dT hisiexeinapla dhestriadesithegrep@itiondf)Camgodndt (e) th Figtikoxybenzi |
(9. 464, nol) was refluxed in 125 nL chloroformwith 0.35 nL
trlfluoroac tic acid for 6 hours. The m xture was washed 2 tinmes 10 with
wat er, dried oveA MkBOg of Sethdiaminptolaensl(4.49 91 337 mob arel 44-was  di ssol ved

i act B 01 UL 376 W?*”%?Q@W”ﬁd“ AVPLE'6 |

This exanpl & %Iﬂ"hﬁ'ﬂ%r@@@%a‘ﬁﬁéﬁra@ 8oUEn The repdevRe W@éﬁ'e A tmefure 15 4.
A mi xt ur® OoWwitR whiel, aifledvelr MIBO/ Oafd dvaboratdtBto™ Pl . BdsdlidiPas

el or of 2?%"“§w569§§'1?iﬂe&f&?wé}a%aéuwoéoraﬁ%fi%ﬁ R G-

filtered hoelutdd wiihetlayl rmediaten Evaporatedyhoeg d goaids af dafrk bolght?Z%lyiean solid

after 20 drying. Yield 63%A seco \éas obt ai ned from not her |iquor
after cooling to ¥I eld an additi o EXAVPLE 7 This exanple
illustrates the p @@qamplgmlttsﬁra@ﬁwspamlpmqf Gorgpewnd Ks) in Figung xt ur e of

3, 4- di &g nogol uene (5.36 g, 44 nmmol) and phenanthrene qui none (8.33g, .040
AR T R TR AR e
recryst al i zpherfarmimolide-y6-afiome{h945gth50 mmol) was refluxed in 602 mL
chloroform with 0.35 mL trifluoroacetic acid for 6 hours. The mixture was
filtered hot through a medium frit to yield 0.85 g of light yellow solid after
20  drying. Yield 63%
A second crop was obtained from mother liquor after cooling to yield an
additional 0.31 g.
EXAMPLE 7
This example illustrates the preparation of Compound I{(d) in Figure
25 4.
A mixture of 3,4-diaminotoluene (5.36 g, 44 mmol) and
phenanthrene quinone (8.33g, .040 mol) was refluxed in 119 mL
chloroform with. 0.4 mL trifluoroacetic acid for 6 hours. The mixture was
filtered through a medium frit and recrystalized from 430 g of methyl ethyl
30 ketone to yield 5.5 g fluffy wool-like, yellow product. 46% vyield
EXAMPLE 8
This example illustrates the preparation of Compound [(f) in Figure

A mixture of 3,4-diaminotoluene (5.36 g, 44 mmol) and 2,2’-Pyridil
35 (8.49 g, 40 mmol) was refluxed in 119 mL chloroform with 0.4 mL
trifluoroacetic acid for 4 hours. The reaction mixture was separated and
washed 4 times with 100 mL water, and evaporated to 10.4 g. The
resultant solid was dissolved in 1:1 ethyl acetate:chloroform for flash
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30 ketone to yield 5.5 g fluffy wool -1i ke, yellow product. 46%yield
EXAMPLE 8 This exanple illustrates the preparation of Conpound I(f) in

Fi gure 4woAom/obisse of 3, 4-di am notol uene (5.36 g, 44 mCOIYS2@03@21618
2,2'-Pyridil 35 (8.49 g, 40 nmmol) was refluxed in 119 nL chloroformw th

0.4 mL trig t‘gﬁﬁ{é%éﬁr%?hg Hol SuleRf w4h ?W %Eety&? E\f‘é’lﬁ}r £ B9

separated an t1nmes vmt wat er, evapor at e o 10.4 gq.
The resul t$Rlid-solid was dissolved in 1:1 et hyl acet ate: ch | o roformfor
flash 14 WD 2004/ 006355 PCT/ US2003¢RQAMHIGE ochr omat ogr aphy and eluted with

t hyl tate. t t ield 9.3g of . solid. EXA hi I
11 Ust rat o the bBIRPRBHSH oG BB HIAPHaSPN o1 GaPN0 BOXN FSHiSE ur 6 of
met hyl - 3 4-4i am nobenzoate (7.28 g, 44 mmol) and benzil (8.41 g, 40 mmol)
vas et uxed | 0 ASB o B 808 LB BBl oBBE L O
and 150 nlL benzilyBedibgchd mmdé was refixedin @ mj ohethylemeldhlovide fon@d partial |y
evapor at ed ﬁ&u%e*rﬁétré%&bh fiSeAlhd &6 éo?é%téif&iw Ef %HH(*E{}en Ecbfibl 10 This

exanpl e illustrates reparation

m xture of 'né%man@tfmn&hﬁnéﬂéﬁﬁhmfbﬁlew chloridesat refux. Hmsolmgon
4, 4" - di1et hasy ltes? phrtiafy é@ﬂpora@&‘ﬁtd’@élécﬁ‘@z E:ﬁfskam&ﬁthéqdéé’n%dgﬂmﬁ_@éthw ene

chloride with 3 drops trifluoroac or 5 hours

met hyl pyrrol i di none was added and tinued for 26 nore hours. The
m xture was wash€his®Exammus ilistratestherpreparationamféorivp&ard |(kf inlRigned and
then precipjtated the product be decanting the organic solution into 20 550

g nethanol. ‘After standin ernight, the product wasfiltered and dried at
95C i n vacuum toAW%ILUﬁ@fg%hWr%&cm@mlmgﬁtel(ﬁ Jhos.038ampl)@ndl | ustrat es

tlvgtehplr efgr a&uﬂg%rﬂ%th ERPBERHN 9146, f} 035 l'ﬁbg%ﬁso ré\‘lug%@ |ﬁ\1@%%{nﬁ?’tg§ﬂgneui e
(7. Oég, 03&'%‘# W@Qfg@nﬁ&ﬁwr%%ﬁ%aﬂﬂ fohéﬂwr%n@ogﬁﬂgr ' de. 100 g of
N- et hyl pyrmethmyrcwlehrvm weld added dintireflux boetinued fod 26ahvsniowss di still ed
out. The pofhéf"ﬁﬁxtm Wé@ \ké’sﬁe%ogtimes with water, dried over MgSQ,, filtered

and then precipitated the product be decanting the organic solution into

20 550 g methanol. After standing overnight , the product wasfiltered and
dried at 95°C in vacuum to yield10.39g product.
EXAMPLE 11
This example illustrates the preparation of Compound I(r) in Figure

25 A mixture of Methyl-3,4-diaminobenzoate (6.12 g, .037 mol) and
phenanthrene quinone (7.08g, .034 mol) was refluxed in 119 mL
methylene chloride. 100 g of N-methylpyrrolidinone was added and the
chlorinated solvent was distilled out. The pot was warmed to 150°C
whereupon a clear solution was obtained and the reaction was tracked by

30 gas chromatography. The product was precipitated by pouring into 410 g
methanol and the solid precipitate filtered off. The product was
recrystallized from toluene then recrystallized again from a combination of
methyl ethyl ketone 1200 g, toluene 150 g, and tetrahydrofuran 1100 g.
Yield was 3.3 g of pearly golden wool-like material.

35 EXAMPLE 12

This example illustrates the preparation of Compound I(l) in Figure

A mixture of 1,2-phenylenediamine (13.91 g, 0.129 mol) and 4,4'-
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wher eupon a cl ear solution was obtained and the reaction was tracked by 30
gas chromat ography. The product was precipitated by pouring into 410 g

met hanol wWO®0e41m®6356]l i d precipitate filtered off. The pr®dwaiS200821618
recrystallized fromtoluene then recrystallized again froma conbi nati on of

met hyl et hyHibf&ine ; ) t 100 g.
Yi elé was %ng o'fB %négﬁ)jg&}? ﬁ‘@&oqg -%@geﬂﬁgE?aTE%@r%Wﬁlz Tgi S
exanpl e illd& l%é{rggﬁqrqa%c%}ceqﬂ giriebl?\o‘dﬁs- Eogpoisite was washed gdimes 4. A
2004/ 006355 PCLL LS R0 21 b At b ormhen e AR b ongodo ML Chdl ICH 1 uxed

i,br omhenzi : nol ). was refl uxe
n 558 i APEPT B AN el FoitoLatie Ratie Rttt Srhiss. The
m xt ur e vasandsterd filteredrand washied With iietharen dwieeamt dietita 20.65¢ with
Recrystalli 5%@@&80@19%@? W ctﬁﬁ%ﬁ tho‘?héYi qujroom met hanol at refl ux.

I 'ght es and were f 1

Large crystals fornmed overni I'TTered and washed with
met hanol twice and dried to 29. 63EXAMPLER13. 9 g second crop fromthe

chilled nother It Nkt ' i ; aration
of Conpound. 1 () TeparkpElduales e prepariirfof CoEOLAL i) I EicREE RS 54 o

. 040 nol) afd benzi | (7.56 g, 0.036 nol) was refluxed in 112 nL net hyl ene
chloridtfor 19 Ahaixtsre Jfig3diahinotoluase (Mshey .@40 hivtsavd benaR% HCl, and

dried over f to -9 5 bro olid. The
sol i d vas (3ag 08P FeB BErerRi@RR AR ol etfyigd otk 1300 g sol vent
was 15 di st hoursd Thetmix@uel wagywashed Adinegs witid@%iHG, and sitieti ©veFi | t ered and
washed cryg@@ocm@ Wi M& . E§A§/§ | eN434R LLLustrates the
pr epar ati on Of C?onpoﬁn(?wla(‘lg@i n Pagi%re' E%&Xﬁﬁbﬁg'ure o+l?d ng
2, 3- di ani noHEFARE N0 43 g methanal ardpiwannd therndhe Brahenii wase (7. 84 g,
. 0.038 18! ) dietilled bef. ICoting with i3 yidlded icy 6rystae. Fkerdd diuisshethe resul tant
sol ution wag c%rjonﬁt ?’@{ha%ﬁ? ﬁown a silica colum with chloroformeluant.
Evapor at ed 5rry8 EERe t to yield about 10 g before vacuum oven
drying. Mterial appeared 25 crydxAMBiE EKAMPLE 15 This exanpl e
IITustrates the ppeparahh RN RrEI BRI phtdton' &F oMb 1) in Figure
4.
20 A mixture of 2,3-diaminotoluene (5.05 g, 0.041 mol) and
phenanthrenequinone (7.84 g, .0.038 mol) were refluxed in 112 ml
chloroform for 29 hours. The resultant solution was chromatographed
down a silica column with chloroform eluant. Evaporated product from
solvent to yield about 10 g before vacuum oven drying. Material appeared
25 crystalline

EXAMPLE 15
This example illustrates the preparation of Compound I(j) in Figure

A mixture of methyl-3,4-diaminobenzoate (7.28 g 0.044 mol) and

30 2,2'-pyridil (8.48 g, 0.040 mol) was refluxed in 140 mL methylene chloride
for 7 hours. The solution was evaporated to 15.7 g and the solid dissolved
in 240 mL methylene chloride and 140 mL methanol at reflux. After
addition of 280 mL methanol and evaporation of ~150 mL of the solvent
the solution was left to stand overnight. The resulting solid was collected

35 anddried to 9.8 g. Took 7.7 g material and dissolved in 203 g methanol
with 50 g methylene chloride. Distilled off > 50 mL of solvent. Crystals
formed overnight. Filtered and dried in vacuum oven.
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4. A mxture of nmethyl -3, 4-di am nobenzoate (7.28 g 0.044 nol) and 30
2,2"-pyridil (8.48 g, 0.040 nol) was refluxed in 140 nL net hyl ene chloride
for 7 houwe.200®6356| uti on was evaporated to 15.7 g and trhe/useduisd2wiissol ved
in 240 nL net hyl ene chloride and 140 niL nethanol at reflux. After addition
of 280 nmL nethanol and evapor ati ogyof of the solvent the solution
was |eft to stand overni ght. The EXA I3E§0|6m_| id was col |l ected 35 and dried
to 9.8 g. Took 7IHisgx iilystraies tae pseparation of Somppunet fARLTIGWR th 50 g
met hyl ene c¢hloride. Distilled off > 50 nL of solvent. Crystals formed

overnight. Filtered and dried in v m oye 4[0
PCT/ US2003/ 0216 ¥30 Opikdoee r%eﬁ*ﬁbl?aé&ﬂﬁ% Hask W6§tcy‘\o 2 H%%£ gﬂa“% ation of
Conpoung | (fluord cﬁiw)-lﬁibromo dnogslie (224, Bedeminadl), &, Bchl enk flask was

el S wr'vﬁ’%mmsﬁwﬁ@[ gRRTBAD %L) lfﬁﬁwd‘%@%ﬁg(§4%ﬁme (o440

g, 4.48 mmpol), Pai{QAc) Qmagzog)G mmxﬂ) rl?fol-'ﬁql FHODB6m0)20 ran@kg, 0. 20

nmol ), NEt MIM:( t hl enk fl ask

was seal ed %@Rosﬁp 'ﬂ% val ve and t e re tﬁmﬁ%@?ﬁhl%@ﬁit ed at 10

95C for 48 was shaledewith aiTedlomiveiver anduie Eg6tien Mixture wiasthaaRys at ur e,

?TL |) ut $ﬁo' n wteror@%ﬁw Mphearedukif rﬁmdldécvvas/@@ot l8d td ?é‘drﬁ(ﬂeeréi‘lat@é?g' 2 (150I N
e or ried, an centra e produc

whi ch was rfﬂ é&ré%&ﬁ& @ﬁkﬁfoé%@ éﬁﬂ%ﬁ @‘é@ Qb?ﬁ ght - yel | ow

solid (O. 47r&Lg Tlfﬂalo%awcelbgiaar w9 AridyRnd3cth@nttateddo2fiv@ p:.créde 15 113. 45 (br

) ansport - THHGE MIGIEIEREIATRY B3 coronBidciafing [ EIERAILAR) & £ 12137

transport I'ons ne group XAMPLE 17
20 This exdl@jﬁ-@ell®wmlddﬂé§3tgaé1&)&@d atlﬁﬂNM (B6APoinCRICl) Sin Figure 6.
A 3-neqked ,pp‘;)4 b,r,q,znd bottoned flask fitted with a nitrogen inlet and a
condensor was

"with 1, 4- blfbronic acid (2 g, 121mm|)
2,3-(bi-4- quorophenyI) 6- brom%@—k& 54 g, 24.1 25 nmmol),
Pd(P(Ph3)4 (2. 78d'ghes?b éﬂamﬁ@b)ullusm@t@ﬂié prepaeatiomeft charge &éngp?ﬁw 3d ][n*ml) "
DVE (150 an 150 a was refluxe or 24
after whi Chc)qrppg\%{ O'Eﬁ(’ aY'ed 'Ué%rFﬁh?ﬁBf‘? @@%&%)&%é

EXAMPLE 17
20 This example illustrates the preparation of Compound ll(e) in Figure

A 3-necked 500 mL round bottomed flask fitted with a nitrogen inlet
and a condensor was charged with 1,4-phenylenebisboronic acid (2 g,
12.1 mmol), 2,3-(bi-4-fluorophenyl)-6-bromoquinoxaline (9.54 g, 24.1
25 mmol), Pd(PPhs); (2.78 g, 2.41 mmol), potassium carbonate (6.67 g, 48.3
mmol), DME (150 mL) and H2O (150 mL). The reaction mixture was
refluxed for 24 h, after which it was diluted with HoO and CH2Cl,. The
organic layer contained a precipitate, which was isolated by filtration and
washed with CH»Cl to yield 2.75 g (32% yield) of an off-white powder. H
30 NMR (CD.Clz, 500 MHz) 8 8.56-8.55 (m, 2H), 8.35-8.33 (d, 2H), 8.29 (m,
2H), 8.12 (s, 4H), 7.68-7.64 (m, 8H), 7.29-7.16 (m, 8H). °F NMR (CD2Cly,
500 MHz) 8-113.35 (m, 2F).
EXAMPLE 18
This example illustrates the preparation of Compound lI(k) in Figure

35 6.
A mixture of 1,4-bisbenzil (1 g, 2.92 mmol) and 4,5-dimethyl-1,2-
phenylenediamine (0.769 g, 5.84 mmol) in chloroform ( 20 mL ) was
refluxed for 15 hrs under an atmosphere of nitrogen. Hexanes was added
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organic |l ayer contained a precipitate, which was isolated by filtration and
washed with CH2Cl 2 to yield 2.75 g (32% yvyield) of an off-white powder. 1H
30 NWVR ( GROCH®/0068%8 MHz) 6 8.56-8.55 (m 2H), 8. 35-8. 33PCu/US2043/026129 (m
2H), 8.12 (s, 4H), 7.68-7.64 (m 8H), 7.29-7.16 (m 8H). 19F NWR (CD2Cl 2,
500 MHz) 8- 3 - : Thi: hi e
preparati or{acjjréaégbrﬁ(og?ﬂx%é@lf{%'i [ nhﬁ %l_ﬁ[raem@%t%@a% %eglk)!}?%t\é’ﬁkﬁsﬁé-%i sbenzi |
(1 g, 2.92 ispisted by éltution @indevasheciwith heianes hwgldiversoductasoag, 5. 84
mol ) in chipyelenow(pdvder () .30as 83%hdiied'H WR%DE@WBG@I\A?%? &t mosphere
a

I N e N DL

%hi ch was
i sol at e@ byaH), 3R MR 2E3(sMilhi)hexanes to yield the product as a
bright-yell ow powder (1.32 g, 83% Ig 41 NVR (CDh2Cl 2, 500 MHz) S
7.89-7.88 (d, 4H, J=7.1 Hz), 7.50=* = 4H, J=1.5 Hz, 7.7 Hz), 7.45 (s,
5 4H), 7.35-7. 31Tliimexaotde illpsBatesthe preparatioxaf/Bompairmhi(e) ixbigore
i1l ustrat es%t he preparation of Conpound 11(a) in Figure 6. A m xture of
3, 3-di am nobenzi di ne (0.4580 ? 2.14 mol ) . 10 and
1, 10- phenant hr ol i ne- 5A GniKiUEH € @@'@@9’8“@?90@'@“%{914)58% Zathwpolyt  85C in 10
%t N- g,tmylt P d 1>,|1|OdplﬁléﬁéﬁltWoliﬁe-]‘c5,6lﬂﬁ>rfé (0L9458 gm.tﬁarﬁﬁfﬁl)%@?hda%@raﬁﬁ ho;” Si

anbi en erature c r of or m was the pot.. an contents
vere i erts e B gnFaiathibsiroldhais AT B85 ail tuf iR e Sie 81 2
di et hyl et heliourbeat dmbésht &&mpe@tanedchiadonm whs dikgde © the pdiiasmddkenpl e
Il lustrates r Fead | | i They synt hesi s of
this conpou%(_;dhg\/%tg' @%@Fﬂfg@?&&tﬁ&gﬁmt %ﬁ@dgyﬁgk@ﬁ%ﬂé%’o used for the
pr epar at i ordigthyigtagr thendgirigd ati0°Geand ¥aCUMpr oduct in 58% yield. 1H NWVR
(CD2Cl 35 500 MHz) 8 8.38 (d, 1H, J=1ER8NRIRLE 8020-8.18 (d, 1 H, 8.4Hz),

G, 7 52-7.50 (TSsepTinfe IgsateR Ghiprapgration ot Garboadlems in 600 ey
8-113.14 (M, 2F). EXAMPLE 21 25 This exanple illustrates the preparation of
Conpound 11(g) i'Phé: is?Ht'h%sis%f this compound was carried out following the
synthetic method used for the preparation of 1(0) to give the desired
20  product in 58% vield. "H NMR (CD.Cl,, 500 MHz) & 8.38 (d, 1H, J=1.8Hz),
8.20-8.18 (d, 1H, 8.4Hz), 7.99-7.97 (dd, 1H, J=1.8 Hz, 8.7Hz), 7.73-7.71
(m, 2H), 7.64-7.61 (m, 4H), 7.52-7.50 (m, 3H), 7.19-7.14 (m, 4H). °F NMR
(CD4Cly, 500 MHz) 5-113.14 (m, 2F).
| EXAMPLE 21
25 This example illustrates the preparation of Compound Il(g) in Figure

The synthesis of this compound was carried out following the
synthetic method used for the preparation of li(e) to give the desired
product in 13% vyield. '"H NMR (CDCl,, 500 MHz) & 8.42-8.41 (d, 2H,

30 J=1.9), 8.20-8.18 (d, 2H, J=8.5), 8.13-8.11 (dd, 2H, J=9.1 Hz, 2.0 Hz),
8.00 (s, 4H), 7.54-7.51 (dd, 8H, J=8.7 Hz, 3.1 Hz), 6.9-6.9 (q, 8H), 5.48 (s,
12H).

EXAMPLE 22
This example illustrates the preparation of Compound 1i(d) in Figure

35 6.
The synthesis of this compound was carried out following the
synthetic method used for the preparation of ll(e) to give the desired
product in 10% vyield. "H NMR (CDCl,, 500 MHz) & 8.62-8.61 (d, 2H,

18



The synthesis of this conpound was carried out followng the synthetic
nmet hod used for the preparation of | I(e) to give the desired product in
13% vyi el dWOszDNUFBS(SCDZCI 2, 500 MHz) 8 8.42-8.41 (d, 2H, P8U/UK2003921618
8.20-8.18 (d, 2H, J=8.5), 8.13-8.11 (dd, 2H, J=9.1 Hz, 2.0 Hz), 800(s

4H), 7.54- dr5115 @44%‘111 ﬁp%ﬁ '33241 %-é%g?)ZH 6J—%§l—@?](83?4g@1 é&dﬁéﬁj 12H).

EXAMPLE 22 Thi's pr €parati o in
Figure 35 &8 $H7é2 sﬁgﬁié,s@ §4dm IGIH)S den@diddm. b, €&3-7-84 (611t4H)oI I OWI ng t he
synt heti c npisog 3y S(ﬁsfu]i_gr the preparation of 11(e) to give the desi red

product in 10%yvyield. 1H NVR (CD2Cl Mﬁg&ds 8.62-8.61 (d, 2H, 18 WO
2004/ 006355 PCT/ US2003/ 021618 J=1. 1 (m 4H), 8.41-8.39 (d, 2H,
\(J =9. SH)H25) 8. 34- Bhislexauthle AldstratesBthd piepadationtdf)Coripddnd (k) Grh-l)::]gLSeBZ 8. I11
m 2H), 7.98-7. 3 Thi s exanpl e
illustrates the ‘Eﬁ%%&bt&%‘% 5‘3'8&%’5%% ﬁhf(%f%%q i guh&Né% tﬁ?he synt hesi s
of this con@ymhetlmtla@d usetifardbe fpoeparatiog of HE) tcsgmerhlee desined hod used for
t he prepara ot t S 9 1H NWR
(Cbzd 2, SO%PO%HZ éé%lagelg (B-g E @Dzé? ?bg%lﬂ 818(59 %@66@@ 7(thll—l J=7.2
Hz), 7.69- 7HEkR 1:98-74% (& 24, ‘7%52775@(7:1@7_@) %9)7”51%75 {m 8H), 2.67
(s, 6H10 Eﬁ@MPIJEA,Q.chm(rﬁ SHRMGE ($,/8Ht rates the preparation of Conpound
[1(1) in Figure 6. The synthesis Ofgmund was carried out
following the 15 synthetic nethod u preparation of 11(j) to

gi ve the desiredThisrexdngile illus@atés/ihel meparatiumf(cmmmbmd HOPinNFigires
8.29-8.24 (;p 1 H, 8.07-8.01 (m 1 H) 7 90 7.86 (m 1 H, 7.80-7.78 (m

0.6H), 7.72-7.66_(m 1 H), 7.64-7.59 rﬂ) , 7.51-7.44 (m 3H). 19F NMR
(CD2CI 2, 500 MHz)Yhe synthesispf(this campouncowas cemedawtfollqwm,gzthem 8F), -109.4

(1 rln( rr;3F|)1 r;s ZOS;ﬁa?fﬁéﬁéﬁqél‘%J hse&d Riﬁﬁ@'p‘?eﬂ)ér’etléﬁ bﬂlgghd &ioe Hﬁ@ﬂéélﬁ;d onOSI %m;ound
the bynt het PGt RuGroofidtin b SWR, €T, S0BHEEE 26824 ’
8.07-8.01 (m, 1H), 7.90-7.86 (m, 1H), 7.80-7.78 (m, 0.6H), 7.72-7.66 (m,
1H), 7.64-7.59 (m, 4H), 7.51-7.44 (m, 3H). "°F NMR (CD2Cl,, 500 MHz) & -
108.4 (m, 2F), -108.9 (m, 3F), -109,2 (m, 8F), -109.4 (m, 8F).
20 EXAMPLE 25
This example illustrates the preparation of Compound lI(m) in
Figure 6.
The synthesis of this compound was carried out using the synthetic
scheme shown below.

25
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L\
1 (m

Br- Br SFIIl (me) F FFFFN-NO\ -O /\ NSN \ FOSO F
1 (nb) 19 WO 2004/ 006355 PCT/ US2003/ 021618 Conpound |1 (rma) was

obt ai ned weizgt/tbhisssynt heti ¢ nmet hod used for | (0) to pr@dias2ediezsipect ed
product in 65%vyield. 1H NVR (CD2Cl 2, 500 MHz) 6 7.64-7.60 (m 4H), 7.27
(s, 2H), 7.20-7.16 (t, 4H, J=8.9 Hz). 19F 5 NMR (CD2Cl 2, 500 MHz) 8
-111.10 (m 2F). Under n|tro a three necked round bottoned flask fitted
with a condensor %vwathobiaw%ysmg tpsynthetio methed used forequi v. ),
Adogen 464 ((8)

rcﬁihcel@l@é@ipé@t@d S6UENG B5Y 9|e(d4191 lgMPcéc@;cglm}o 5. 00
cqu'v, ). SO DI SALPRITLS . P B ohf o o0, Sk S0, (20 0

After cdpl i NIR¢CDaGly Heodaida) &irel1.90 3m, QF$ddindﬁnrtnﬁmgﬂémcmﬁtree-and 4 mL HC
wer e o oWl ¥ nBOkad Ao Ea OB Sl Lod R Vpld dfacdwgove, any

excess oxidi Zi'n 8ent re was wi th

di chl or orret Héme) 6hd0 92625t menol) &ﬂeﬁwitbp%dmeém%(ﬂ ﬂ%g&»r@’,ﬁ%&jumort i on
washed with i hsol at ed by
ptbﬁ‘ﬁé %&Fﬁeﬂ@ @'@Cb dfﬂ 25’ nmoR %830 %@lﬁ@g,l ?I e |9Q|‘b%fna’(@ﬁo?§

evapor ati ng nt _and rom et ha to give

T o 45 By ion, 3.0 e Fa (50 rLS@@a@ﬂaqk@watahg mixiranR
(CDh2a 210 50Q/ab’|’£lbwe@ t8 réfiudfor Ba Weurs. After doding tbxoom l@rrlrﬁératu?e 9@3( s, 2H),

The synt nesDeoBlUm GBI 7 2 i b oartoh o oo

The synt hesgsso
used for thmlme@m aewtoahzefarmll(en)ove)anzgexeesmldiamuragbmsoﬁu&:t in 20%

ld. 1H N 15 1
857, 78 (SRR istys 3R R aificl %ﬁhﬁﬁzﬁ&w@ghz&n s 68 (m
2H). 19F Nwlay@aﬁ@p@rambammme ergamqurtlon-vxwesl with He6) 1 rm@f@dzdr(em 1 F),
-112.6 18N dvé) MgdD,] hﬁ@ﬁ@é@bﬁW@% léﬁlafeﬂeoyeé\%%idré’ﬂ‘hg fHRNSEI08At e/ or

anti - atfare ﬁé@% ﬁpﬁgféf,@gﬂﬁmgghgetl (nm,

quench
Properties ré'h’ﬁﬁﬁﬁ
maxi mum ( voléllow vneedlenhl(eedfystalaﬁ.lHElﬂl\/‘ﬁ(GDﬂlz, 500 MHz): 6 8.25-8.21 (dd,

4H, J=8.9 Hz, 5.6 Hz), 7.98 (s, 2H), 7.36-7.32 (t, 4H, J=8.70Hz). "°F NMR
(CD,Cl3, 500 MHz): 5 -101.8 (m, 2F). The synthesis of compound II(m)

20 was carried out following the procedure used for the preparation of lI(k) to
give the desired product in 20% vyield. "H NMR (CD.Cly, 500 MHz) & 8.25-
8.21 (m, 1H), 8.19-8.15 (m, 1H), 7.85-7.78 (m, 2H), 7.73-7.64 (m, 6H),
7.29-7.25 (t, 4H), 6.69-6.66 (m, 2H). "°F NMR (CD,Cl, 500 MHz) § -108.7,
-108.8 (m, 2F), -112.4 (m, 1F), -112.6 (m, 1F).

25 The properties of the electron transport and/or anti-quenching
compositions are summarized in Table 1 below.

Table 1
Properties
Compounds | Absorption Absorption Eqp vs SCE | LUMO vs
onset (nm), | maximum (volt), vacuum (eV),
E1-E5 (nm) E1
Compound 375 345 -1.5 -3.33
I(a)
Compound 378 339 -1.6 -3.24
I(b)
Compound 400 385 -1.17 -3.67
I(c)
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Compound 375 345 -1.5 -3.33 1(a)

Conmpound WOQ0B20N6355. 3 - 3. 54 | (d)

Conpound 378 339 -1.6 -3.24 1(b)
Conpound 400 385 -1.17 -3.67 1(c) 20 WD 2004/ 006355 PCT/ US2003/ 021618
Conpound 390 352 - 1. 2@CTAISBE3/0L(68)

ound 420 382

DDPA
t he

Conpound -- -- -- --what is the 11(a) purpose of this |Iine? Conpound 405
?2935llg?4 éoﬁ%?#” e) ound°28? 3523§€9281 gBE %:f(l)lcowpéﬁﬁgp385 343 -1.59
-3.25 1(k |(¢bm)ound 417 401 -1.03 -3.81 1(wv) Conpound B80 347 -1.49 -3.35
1(p) Conpoupg 42 3b22 -3.62 342 (X) Conp..1Ag368 310| -3l585 -2. 99
Conmp. B 366 -2.89 DPA EXAMPLE 27 This exanple|illustrates
preparation KS% an |r|(|un1 el ectriol um nescent| conplex, shown as Fornul a
V(a) in FigQ@oenpoundd Rhenyl pyridipne ligand, |- --what is the
2-(4-fluor Jﬁpae)nyl )-5-t|rifluoronethyl pyridine purpose of
this line?
Compound 405 369 -1.66 -3.18
I(e)
Compound 378 339 -1.53 -3.31
I(f)
Compound 420 382 -1.35 -3.49
I(0)
Compound 407 394 -1.28 -3.56
i)
Compound 385 343 -1.59 -3.25
I(k)
Compound 417 401 -1.03 -3.81
[(w)
Compound 380 347 -1.49 -3.35
I(p)
Compound 380 342 -1.22 -3.62
1(x)
Comp. A 368 310 -1.85 -2.99
DDPA
Comp.B 366 316 -1.95 -2.89
DPA
EXAMPLE 27
This example illustrates the preparation of an iridium
electroluminescent complex, shown as Formula V(a) in Figure 7.
5  Phenylpyridine ligand, 2-(4-fluorophenyh)-5-trifluoromethylpyridine
The general procedure used was described in O. Lohse,
P. Thevenin, E. Waldvogel Synleft, 1999, 45-48. A mixture of 200 ml of
degassed water, 20 g of potassium carbonate, 150 ml of
1,2-dimethoxyethane, 0.5 g of Pd(PPh3)4, 0.05 mol of 2-chloro-5-
10 trifluoromethylpyridine and 0.05 mol of 4-fluorophenylboronic acid was

refluxed (80-90°C) for 16-30 h. The resulting reaction mixture was diluted
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The general procedure used was described in 0. Lohse, P. Thevenin, E

Wal dvogel Synlett, 1999, 45-48. A m xture of 200 ml of degassed water, 20
g of pot aweizaewmwessdbonate, 150 m of 1, 2-di net hoxyet han@CTAIS2003/00f618
Pd(PPh3) 4, 0.05 nmol of 2-chloro-5 10 trifluoronethyl pyridine and 0.05 nol

of 4-fluoro 8Mve | 0, f 230 h. The
resul ting rgggﬁdgﬁﬂ% xt uF%%mrgsé%ﬁCtéchtH%%%%gé@g'Sq:E’%T/ US2003/ 021618

with 300 m C8f rOgRiF layersaverednigd aveidep 94, and thesolMent The conbi ned
organi ¢ | ayesraoved By $atedmoVEie ﬁ@ﬁ@@ro@ﬂﬁstnﬁé@e?@ﬁﬂ@d‘byffa@ﬁ@ﬁ@ld by vacuum

The I'iquid product e putifi by, f.ractiona uumdistillation. The
solid mater iea @'Ué‘?%"‘%ﬁ%?yﬁ‘&ﬁqﬁaéﬁgtﬁ'a "H%r?afﬁ&!"y%ﬁ OBy Re&eNSuri ty of
i sol at edd maflbeitypisalvmsity 88 tdolated inchteralsovad 288%A ni xture of 1rCl 3-nH20 (54%

I'r; 508 my)yidihddhsigxorhenyl)-5- trifluoronethyl pyridine, from above
(2.20 g), A ' 1 m) was vigorously stirred under

: and _wat er

a flowof N2 as Awlﬁ@@ﬁ@fﬂ%@lerr&*m (oo I§|(5Q/a 19038 (4riflupraphenyhits-up to 185C
e cool e B g A e T
G ohl or onet WA (ol WaR A GRREFS SHESHatioRs Ao MRS BRPRGralIS

di chl orﬁDrgt hassleely 80 min) beswght fuipl tbelBSACt (bt dagt). aAf@gCZho&!sljdtca ﬁ°| ]chlrm ﬁnd
evapor at ed. o : . to t residue the flas
wae Kot ai 183080 CIbEMIRré Sofidflofl e Hdfe s fod i b €180

tris-cycl omtanaperatirec dihs scdid_sommmmctﬁ(ch\)vith idicHlorpmethane uwtikthsepar at ed,
vasned wi thegipsdiailoolotpddd itRtdiibiRed dicHisoMetibRé dolutiofld wrk 82% . X- Ray
quality crystals of the conplex were obtalne y slowmy cooling its warm
sol uti on i nfitereddheavab,aehed sdicasglymmepdevagonaled. Aiermethanelyst rates the

forma:itm o&sc_unl; : lassaédfiéadimeth_@hééi@lﬁe t?é ga§m%bh@ﬁﬁfs10°@6\&%rﬁibht.he (HT
I nventi on. I N 11 m ey, es .l ncl,udi ol e ranspor r
b Vgl Bretb i dtif & ris-Br e Rafd Srhplel 03RO B HAL | o

| ayer), el
transport Rbfigurd//dY, veas separatechiweshedywdth hETHaND! | arybdjiedvandef abri cat ed by

t he t her mal r &k 4Qn 4 | : : VA ith oil
it usion paeat; ol £ 6RRTEAN, XoRag AN, RIS IR EAIE Rlord
deposi tion @B&INad by plowlyggeling ita wagntselytiontine! , deliddordethanshanber was
capabl eppf depositing five differpgipMpE®swW t hout the need to break up

e e S P ot e B rud o IS g gaet e
1737 transport compositions of the invention.
Thin film OLED devices including a hole transport layer (HT layer),
electroluminescent layer (EL layer) and at least one electron transport
25  and/or anti-quenching layer (ET/AQ layer) were fabricated by the thermal
evaporation technique. An Edward Auto 306 evaporator with oil diffusion :
pump was used. The base vacuum for all of the thin film deposition was in
the range of 10-6 torr. The deposition chamber was capable of depositing
five different films without the need to break up the vacuum.
30 Patterned indium tin oxide (ITO) coated glass substrates from Thin
Film Devices, Inc was used. These ITO’s are based on Corning 1737
glass coated with 1400A ITO coating, with sheet resistance of 30
ohms/square and 80% light transmission. The patterned ITO substrates
were then cleaned ultrasonically in aqueous detergent solution. The
35  substrates were then rinsed with distilled water, followed by isopropanol
and then degreased in toluene vapor for ~3 hours.
The cleaned, patterned ITO substrate was then loaded into the
vacuum chamber and the chamber was pumped down to 10-6 torr. The

1
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gl ass coated wth 1400A 1 TO coating, with sheet resistance of 30

ohns/ square and 80% 1 ight transm ssion. The patterned | TO substrates were
t hen cl eawecoud/dos3ssoni cal ly i n aqueous detergent sol uti ®eT/URh@3831618
substrates were then rinsed with distilled water, followed by isopropanol,

and then de&ﬁl@s@ﬁa@é’v{}d& ﬁ\%hqgﬂﬁer"a@%ei%mge’aﬁ'e Changgm‘é'f%?%ﬁut pat t er ned

| TO substrate was t acuu and t chanber was
punped down°tl® MBUEes.oAfter siganings nwlinle dayess @3 tynditrms weredhem21618

subs'; r at eA}I\?épdé?l@U dadudmeall bﬁmﬂm@ sm@tsﬂgteab'y m@fgfem elObp@r@ﬁoﬁO'Fnﬁi?I?Ut 5-10
m nut es.

e
sequenti al | (}et&ﬁ{pS ?rﬁl aggﬁfrpgpg Ogy‘\' PKE'ﬁn@P Q’;?g? Q?PBﬂtéE{hﬁ%"l'ql}y g:???&gg

nmetal el&ct ma\dks Thie thickoess ioF thanfilmAlvasveneasieed siutiad depositigh uwsify aask. The

ryet Qfsfmﬁ. f@’ W HETPIRRUOR RTE 2008, ?’ﬁf‘@'ﬁ%@é@‘%ﬁj SBArdo P,
Exanpl es ar Xam asadre nemingl.nadevlaied @ssuging theidensitwofdhe mhrierialt er i al

deposi ted tgeResieRao @Snéormle |éﬂeﬁfe>9§m'd?®.a@ﬁ/a§hﬁéh tadepbuRlgy of the
vacuum chanper and chara terlécgﬁl mredi ately wi thout 10 encapsul ation.

Table 2 su VaRm paaee a8 Frotelized inHBed@toly YaihoHE  deri vative ET/ AQ

conposi 10 onsnedpsultionivention. In all cases the anode was ITO, as

o ezed s50ve 1406 6L ARSI R4S mARe IRy ol STLLL 7O v
i ndi cat ed. UénrivativedsBAQ ceimpositions oof thesipventidmy by all 68sesathe anode _
tris(s- hydr%&ﬂ%”?é%ﬁ%%éﬁ‘a%%'hg) 51' r%ns?&r‘f rlE_zvrh}I AN, es given.

The cat hode was or a W t’h

t hi cknessesthgi %ﬁtmgr}feaerzw@s theyridium comnlswérqm Emgmpie 2T} h@/mg\t@r A

Cat hode15 ( AhidkneSosd #Hdhéated. Wﬁeﬁl??es@ﬂmleétrdﬂ tréﬂéporf\l ef Q80 waypar ati ve
507 405 CO

625 1(b) Al |§g§hyq%yqumole§lioyalumlnum(ﬁB i?q %&\%gphe thlgiar:esses g|v 430 3-2 508
The cathode was a layer of Al or a dual layer of LiF/Al, with the

thicknesses given.

)

TABLE 2
Devices
Sample HT EL, A ET/AQ,A |ET,A Cathode,
(A) | A
Comparative | 507 407 Comp. A Al 721
A . 408
Comparative | 507 405 Comp. B Al 732
B 407
3-1 545 403 I(a) Alq 430 Al 737
430
3-2 508 625 I(b) Al 732
425
3-3 509 413 I(c) Al 750
416
3-4 578 411 I(d) Al 711
381
3-5 527 418 I(e) Al 1027
418
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3-3 509 413 1(c) Al 750 416 3-4 578 411 I(d) Al 711 381 3-5 527 418 1(e)
Al 1027 418 23 WO 2004/ 006355 PCT/ US2003/ 021618 3-6 535 415 1(f) Al 1039

459
403

3- 7 §006@B6EEg) Al

1023 423 3-8 510 445 11(a) A PTIWS2MEH21638 9 502
1(f) Alg 303 LiF 5 106 Al 470 3-10 502 402 1(d) Alq 303 LiF 5 102 Al

497
414
488

3-11 5
3-13 5
1(j) A

733 432 3
Alg 302 Li
3-21 301 4

016 1(1) Wo01s. 408" 14 9190500 1(]) A 720 |H07. 15| 04
721 402 3116 505 412 1(k) AIl48% 439| 3-17 516 409 1(1)| Al
[ 4% 302 403 [l44g) Alq|a68 LiF 1q£)102 Al [452 3-19 [3940802 1f(d)
F 10 101 Al|452 3-20 305 404 |11{;e) Al q|303 LiF 10 102 Al #54

2 11(f) Algl305 LiE 10 S

3-8 510 445 li(a) Al 710
415

3-9 502 403 I(f) Alq303 |LF5
106 Al 470

3-10 502 402 I(d) Alg 303 LiF 5
102 Al 497

3-11 501 402 I(c) Alq302 |LiF5
103 Al 111

3-12 513 409 i(h) Al 718
414

3-13 514 416 I(i) Al 718
408

3-14 515 500 I(i) Al 729
410

3-15 504 488 1) Al 721
402

3-16 505 412 (k) Al 727
439

3-17 516 409 1) Al 733
432

3-18 302 403 l(c) Alg 302 LiF 10
102 Al 452

3-19 304 402 1(d) Alg 302 LiF 10
101 Al 452

3-20 305 404 li(e) Alg 303 LiF 10
102 Al 454

3-21 301 402 1(f) Alg305 |LiF10
105 Al 451

3-22 303 406 I(m) Alq 302 LiF 10
103 Al 453

3-23 303 405 Il(g)‘ Algq 305 LiF 10
102 Al 453

3-24 304 402 [(n) Alg 303 LiF 10
101 Al 453
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105 Al 451 3-22 303 406 1(m Al q

Alg 305 LiF 10 102 Al 453 3-24 304 402 1(n) Algq 303 LiF 10 101 Al

302 LiF 10 103 Al 453 3-23 303 405 11(g)

453 24

WD 2004/ 0863664/(ACES US2003/ 021618  3-25 303 410 11(h) Al qC3052003M2008 102 Al
453 3-26 306 404 1(0) Alg 302 LiF 10 103 Al 453 3-27 305 404 11(i) Al q

305 Li F 10 3182

303 403 11
102 Al 284
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The OLED samples were characterized by measuring their
(1) current-voltage (I-V) curves, (2) electroluminescence radiance versus
voltage, and (3) electroluminescence spectra versus voltage. The
apparatus used, 200, is shown in Figure 9. The |-V curves of an OLED
sample, 220, were measured with a Keithley Source-Measurement Unit
Model 237, 280. The electroluminescence radiance (in the unit of cd/m2)
vs. voltage was measured with a Minolta LS-110 luminescence meter,
210, while the voltage was scanned using the Keithley SMU. The
electroluminescence spectrum was obtained by collecting light using a pair
of lenses, 230, through an electronic shutter, 240, dispersed through a
spectrograph, 250, and then measured with a diode array detector, 260.
All three measurements were performed at the same time and controlled
by a computer, 270. The efficiency of the device at certain voltage is
determined by dividing the electroluminescence radiance of the LED by
the current density needed to run the device. The unit is in cd/A.

The resulis for devices using the quinoxaline derivative ET/AQ
compositions of the invention are given in Table 3 below:
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conpositions of the invention are given in Table 3 bel ow. 25 W) 2004/ 006355
PCT/ US2003/ 021618 TABLE 3 El ectrol um nescent Properties of Devices Peak

Ef f i ci encyoanoRweissPeak power Radi ance, Peak effici encyCTafstoosioersay

Sanmpl e cd/ n2 Radi ance cd/AIlmWcd/A Conp. F 3000 10 14 at22V Conp. G

4500 10 20 at19V 3-1 2300 4 5.4 a@%&z 2700 10 at 27 V 3-3 4000
10-16 at15V 3-4 90 4.4 at 22 V 3- .1 at 22 V 3-6 2500 8.5 | at 21 V
3-7 2000 13 at 22 Vv 3EkecimjumipesgentBrapeytiesmfjdedgess at 15v 3- 10 1000
14 at 25|V 3-11 6500 26 pafk 15 V E¥idiendy8P |9- 5 pédk 20 V Bedidpsier2 6 at
19 Vv , - -
Radiance, Peak efficiency, efficiency
Sample cd/m2 Radiance cd/A Im/W
cd/A
Comp. F 3000 10 14
at22Vv
Comp. G 4500 10 20
at19Vv
3-1 2300 4 5.4
at20V
3-2 2700 10
at27 Vv
3-3 4000 10-16
at15V
3-4 90 4.4
at22'Vv
3-5 200 1.1
at22V
3-6 2500 8.5
at21V
3-7 2000 13
at22Vv
3-8 290 1.8
at16 Vv
3-9 7000 30 15
at15V
3-10 1000 14
at25Vv
3-11 6500 26
at15Vv
3-12 1200 9.5
at20V
3-13 300 2.6
at19Vv
3-14 220 2.6
at26 Vv
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3-14 220 2.6 at 26 V 26 WD 2004/ 006355 PCT/ US2003/ 021618 TABLE 3
El ectrol um nescent Properties of Devices Peak Efficiency at Peak Peak power

Radi ance,wBeak/®b3s5ci ency,

efficiency Sanple cd/ n2 Radipamas2ad/o2ueisy W cd/ A

3-15 180 8.5 at25V 3-16 1600 11 at 22 V 3-17 100 1.2 at 22 V 3-18

4200- 5800
at 17V 3-21
at 17V at 13

16-20 at15V 3-19 4000-5
2300 10.5 at 20 V 3-22

%R%%gO at 15V 3-20 4800- 5400 15-17

-19 atlvVv at13Vv 3-23 5000 17-22

8000 20 at
at 14-11 \

V_ 3-24 5600Ekgtraduminescent Rropertiesmf Dexicess  at 17v at 13V 3- 26
14 V at 11 V poR7 700@fA&iendy 47N at #0413 28| 605k péwaP | at 15 V
3-29 6500 18 . -
Radiance, Peak efficiency, efficiency
Sample cd/m2 Radiance cd/A Im/W
cd/A
3-15 180 8.5
at25V
3-16 1600 11
at22Vv
3-17 100 1.2
at22V
3-18 4200-5800 16-20
at15Vv
3-19 4000-5000 17-20
at15V
3-20 4800-5400 15-17
at17Vv
3-21 2300 10.5
at20 v
3-22 4000 15-19
at17Vv at13Vv
3-23 5000 17-22
at17Vv at13Vv
3-24 5600 22
at17Vv at 14 Vv
3-25 1400 5.5
at17V at13Vv
3-26 8000 20
at14 v at11Vv
3-27 7000 16
at17Vv at 14 Vv
3-28 6000 15-20
at 15V at 14-11V
3-29 6500 18
at16 VvV at13Vv
3-30 6500 19
at 15V at11Vv
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at 16V at 13V 3-30 6500 19 at 15 V at 11 V 27 WO 2004/ 006355

PCT/ US2003/ 021618 TABLE 3 El ectrol um nescent Properties of Devices Peak
Ef f i ci encyoanoRwaissPeak power Radi ance, Peak effici encycrafsoosioersay
Sanmpl e cd/ n2 Radi ance cd/AIlmWcd/A 3-31 6000 14 atl6V atl2V 5 28 WO

2004/ 006355 PCT/ US2003/ 021618 CLAI MagMpag is claimed is: 1. A conposition
conprising|{a quinoxaline derivative ‘h'aV"n'g' Formula |, shown in Figure 1,
wherein: 5|Rl and R2 aflecpluminesserdiRropesties of Deyi¢esoccurrence and are
sel ected fromH F, d, Bpearl kyl|, EffRigicgadtky! Pleléﬂnyl FakPower aryl,
het eroaryl | al kyl enealr alkenylaryl kyn/la aIker ehet eroaryl ,

al kenyi het groaryl, alfk k{ﬁ'fj &r odryl ,Fe %n ‘?—%@b IRENCnd

OC6HcFd, of b8ampkd HR5 1&dim@et her Rayhamest tut edin arylenelmjw
het er oaryl ¢ne group, a, b, c, ang &ﬁAO or |an integer |such that atb =
+ 1, and c+—d——= n:scmint\"m z—s—O0-or—an—Hnteger from 1

t hrough 4. |15 331The conpoRPQ i on of O aim 1, {wheré#n: Rl and R2 are|the
sanme or different at eacgt @ngrrence and are sec,}tqgt\;ad fromH F c, Br,
al kyl, het ereatkyt—aryt—heteroaryt—atkyterearyy——alkKenylary
al kynyl aryl, al kyl eneheteroaryl, al kenyi heteroaryl, alkynyl heteroaryl,
CnHaFb, OCnHaFb, C6HcFd, and OC6HcFd, or both of 20 R5 together nmay
constitute an arylene or heteroarylene group, and n is an integer from1l
t hrough 12. 3. The conposition of Claim1l1, wherein RL is selected from

phenyl al kenyl , substituted phenyl al kenyl, phenyl al kynyl, and substituted
5
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phenyl akynyl groups. 25 4. The conposition of Claim1, wherein Rl is

sel ected from al kyl acetate and aryl carbonyl groups. 5. The conposition of
Claim1, woeoei/weis is sel ected fromal kyl groups havi RgTUSRéMBOAHNS 12
carbon atons. 6. The conposition of Claim1l, wherein R2 is selected from
phenyl 30 groups, substituted phenyl groups, pyridyl groups, and
substituted pyridyl groups. 7. The googpssition of Caim1l, wherein both of
R2 toget her,  ar is sel ected froma biaryl'ene group and a substituted

bi aryl ene g is glaimed IS onposi tion of Claim7, wherein R2 together are
selected 35 f roﬂn A mmbeﬂubm&empmsmg)abUtnmb(amé)dphmtwmm@ bi pyri dyl ene,

and a Subst:%)}‘d,ﬁalgq %JKQM @ﬁlﬁgreﬂ 2004/ 006355 PCT/ US2003/ 021618 9.

The conposi gui noxal i ne derivative is selected
from Formul ae | (Bl arier Bégie 1thié pamedon c(lﬁwemhaba@(kh beewyenae zmcgarea 4. 10.

The composi Lion of (e hortheFeet BRBIGHIRABLIGE MRIIN Ak, © ©°

Formula 1(j) in Flgure4 trron sel rrruIaII I n
Figure 2, wherein: ardghgigrogsyl, aﬁ“@’@'ﬂﬁa@hﬁ&e@b"aﬂ}"f plkyBylerd: each occurrence

and are ' sel ect ed faigRibhdierdaryl, Bienghiiéroale atyrgitabroatyikenyl . al kynyl.

aryl, heteroaryl, r | ar 1

al kyl enehet er oar y| %é{k 6%%@6\%# ng %wﬁlfg@%@g@’a?%dth C%ﬁgan OCnHaFb,

C6HcFd,1Gand OC6HCFdogethebaidy a:ﬁns‘ﬁﬂ.:tetamgmyleae ordetemasylene@geowgn aryl ene or

het er oaryl ene grQu r Al r ce and is

selected from ag‘san db%ra\hé]gr?zadﬁnfg&?q %tﬁ? %l%rgz?n?alﬁ gr?'rega

het er oal kyl ene, arytene, heteroaryl ene, aryl eneal kyl ene, and

het er oar yl eneal kW,@gﬁ inte§et, kel ected froma single bond and a nultival ent

group, a, b, ¢, and aré 0 or .an |qﬁ uch that atb = 2n + 1, and ¢ + d
5, 20 mis an ?FﬁgQéra”éat?gerfré’r%ﬂ '@g’gi' nis aninteger; pis 0 or 1;

and X i85 0 or an2j Mhegssmpositiorl of Claingh vaqeréfm.: The conposition of Caim 11,

wher ei n: R'1 and R2 are the same or different at each occurrence and are
selected from H, F, Cl, Br, alkyl, heteroalkyl, aryl, heteroaryl, alkylenearyl,
alkenylaryl, alkynylaryl, alkyleneheteroaryl, alkenylheteroaryl,
alkynylheteroaryl, ChHgFp, OChHaFp, CgHcFg, and OCgHcF(, or both of
20 RS together may constitute an arylene or heteroarylene group, and

n is an integer from 1 through 12.

3. The composition of Claim 1, wherein R1 is selected from
phenylalkenyl, substituted phenylalkenyl, phenylalkynyl, and substituted
phenylakynyl groups.

25 4. The composition of Claim 1, wherein R1 is selected from
alkylacetate and arylcarbonyl groups.

5. The composition of Claim 1, wherein R1 is selected from alkyl
groups having 1 through 12 carbon atoms.

6. The composition of Claim 1, wherein RZ is selected from phenyl

30 groups, substituted phenyl groups, pyridyl groups, and substituted pyridyl
groups.

7. The composition of Claim 1, wherein both of R2 together are
selected from a biarylene group and a substituted biarylene group.

8. The composition of Claim 7, wherein R2 together are selected

35 from a biphenylene, a substituted biphenylene, a bipyridylene, and a
substituted bipyridylene.
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25 mis an integer from2 through 10; n is an integer froml through 12;
with the proviso that when Qis a single bond, pis 0. 13. The conposition
of C ai mwo,2om@se5N: RL and R2 are the same or differemCTaiS2e80R1618
occurrence and are 30 selected fromH, F, d, Br, alkyl, heteroal kyl,
aryl, heteroaryl, alkylenearyl, alkenylaryl, alkynylaryl,

gle ExC/IaneheéI er oar g| Theaéd?ﬂﬁ?éﬁh@? of o 1, vaié%wﬂh@ lﬁﬁc?b@{h‘x‘lb , d&rivEay® . | OCnHaFb,
an (0] 0 ons n ar ene or
het er oar yl eﬁe%%é_%ﬁgﬁ% Arnglag, I(éﬁtpé@&?‘ QS@HH?@&P@H@*? lg%ﬁ "’r‘ngi‘gé”%% i nt eger

from1l throdggh 12; and pis0O. 30 WD 2004/ 006355 PCT/ US2003/021618 14. The
conposi tion of 1 Gl roup with
at | east two 0|Cl#1 S'“f‘(g, %g hé"n ?fbgae@gfc&@ gr om%ara]%&aﬁb% qae @%Y%up, a

het er oal9 phisthanyida ) Ind"'rlglaﬁeo4rat ic group, and a heteroaromatic group. 5
15. The conposi “I‘P”APEorﬁpéblﬁbA% }’&‘i‘éc? Vi 'P%rﬁ'@aeﬁtlr?ﬁlddre %g?f hene

groups, heteroal kyl ene ene grou ps, het eroa ehe groups,
al kynyl ene group , EH"HH eqrértbﬁlsﬁwr@@e@” apgach eccqrﬁ%n%ﬁmgreu on of
Caim1l wherein Qdelesied fineH, fFfQ)‘rlBrl aﬂdyﬁ-hdtér'tbﬁll@l QRSN YE, AIKAWDS |

mul tiple-ring aromati t|c 10 ups, smgle ring
het eroaronati c gro Ich%f.ﬁ }P)Mealkﬁﬁ@e Ig Io@B‘é’ I%ﬂased ring aromatic
groups,1@ryl am nes allsyleaeiwematylsalkenglhemroaﬁ/] alkgnytteetposryli on of C aim 11
wherein Qis sel ect f h Fi e 5. 18. The
conposi tion of (%‘q-l'ﬁﬁg\:\ﬁrqd:w %W@P tékggf Po&d Ko tg&hhdégéﬂlr and

substit ut ed phenyl tgeeiles mabgcorﬁt@t@cmpwiemcm hﬁte@aamnwrowmerel nRLis

sel ected from SRB%Itﬁél%amep&edlﬁére@ﬂtgueécwaawraer?de éﬁﬁﬁstsér@&ea%?ﬁl tuent
sel ected fromF,

al k roups, al kenyl groups,
and al kynyl groups. §'69 eﬁp&n%é% BBﬁeg&Qéﬁ k erein RL is selected
from 216 al kyl acet dtetermatkydend, czmylbneylhetgrdwylene;Zéryleﬁwllqtbmmslamd on of Claim

11, wherein Rl is t groups having 1 through 12 carbon
atoms. 22. The corrgq(;eéslf:g'g)l gﬂeﬁé&@@h 11, wherein R2 is selected from phenyl

groups, substit uQdd ssirgigd fr@nma;ﬁmglwohdymdgﬁ owilitvalenigreupist i t ut ed
a, b, c, and d are 0 or an integer such thata+b=2n+1,andc +d

= 5;
20 m is an integer equal to at least 2;
n is an integer;
pis0Oor1;and
x is 0 or an integer from 1 through 3.
12. The composition of Claim 11, wherein:
25 m is an integer from 2 through 10;
n is an integer from 1 through 12;
with the proviso that when Q is a single bond, p is 0.
13. The composition of Claim 11, wherein:
R1 and R2 are the same or different at each occurrence and are
30 selected from H, F, Cl, Br, alkyl, heteroalkyl, aryl, heteroaryl,
alkylenearyl, alkenylaryl, alkynylaryl, alkyleneheteroaryl,
alkenylheteroaryl, alkynylheteroaryl, ChHgFp, OChHgFp,
CgHcFd, and OCgHGFg, or both of R2 together may constitute
an arylene or heteroarylene group;
35 m is an integer from 2 through 10;
n is an integer from 1 through 12; and
pis 0.
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25 pyridyl groups. 23. The conposition of Claim1ll, wherein R2 together
forma biarylene group. 24. The conposition of Caim 23, wherein the
bi aryl enewgr20u05355 sel ect ed from bi phenyl ene, substi t utred/us2pizenisigne,
bi pyri dyl ene, and 30 substituted bipyridylene. 25. The conposition of
Claim1l, wherein R3 is selected fromaryl, heteroaryl, alkyl, and

het er oal kyl . 26-1.4Thﬁ1é>98@9%is&abﬁrbf@|aiﬁ ah WHekein§s 8ERCRY frdmse! ected from
phenyl and substituted

enyl . 35 27. The conposition of Claim1l, wherein
R3 is sel e‘i‘:)fdéﬁcﬂb@ﬁlQIPHEIW't'hﬂTdeﬁ%ttt@’Po%ﬁ'Rgﬂ &%Cﬁ@ﬁ’éﬁ?th?%?r A"12 carbon
at oms. 28-alfﬁh@1ti@??@@§,ié heteredlighatic mrddp,s# ewneatid groopFandal ae 11(b)
t hrough 1 %é an %élg} t hrough 11(k) in Figure 6. 31 WO 2004/ 006355
PCT/ US200 HFFEMa3Ig drofiR: conposition of Claim1ll selected from Fornul ae

11(a), 81(h), I 118.)Thacdmposition S@laim d¢4wpwrein Qris selectag frammula | 1 | in
Fi gure 3, LN LWET t h

g are " S1REpAe gl HilpfSu8idhe GpubS RIBhvERe dIBEY, B CoPp orurTenee
al kynyl, heteroalkenyers gyoupsapilynggaggieupsl anshyetaraalkyriianggoapsl | al

kyl enehet er oar yl4g, af ke @hipasriofd )t ain®h i Yitvdrepi @rio8eldcted frovradiigle OCCnHaFb,
C6HcFd, and OC6HcFd, or both ut e aﬂearyl ene or

of RS together may const.it
het er oar y| @HEAERTBANC IFAINRB ”?Lgt'ﬁlﬂ'é'ngaﬁ@ﬂ@rt'c(ﬂrf’\“Q%/’JH?e‘iffmgz%‘I’lmﬁ urrence and
ihst Z reloglc)L e?kogpensipglewim@ hetévoarg)naat}ﬂ: grogpeumluﬁ'mileldng@rcbmam ggdqpsene,
hgt eroar y?/éﬁggfr@ %’lﬁﬁae% %5@{‘&1 %&@@Hg “rs’og}nfag‘egirég'%l %%ggﬁg&aﬁg a nmultival ent
group; 15 a, b, 1. Hhel campositongf Gaim ﬁﬂe@@erehfugﬁsysﬁact@iﬁom 2n + 1, and c
1 “and 20 BPRURE ) BHBLORIAR) i Rafe BomS oh 4. a1° The composition of
Cl ai m 30 wher ei nl& TRe §8|"'@9%5@“qu an 1HyWF'gEeAPl?0n'S e&frp at |l east two
poi nt s 16f Fhéme AMEANEUbsHRItEE pbAenyirgroups. al i phatic group, a heteroaliphatic
group, an aromat{{ %S%mp%%ﬂio% of Claim 18, wherein R is selected from
substituted phenyl groups having at least one substituent selected from F,
Cl, Br, alkyl groups, heteroalkyl groups, alkenyl groups, and alkynyl groups.
20. The composition of Claim 11, wherein R1is selected from
20 alkylacetate and arylcarbonyl groups.
21. The composition of Claim 11, wherein R1 is selected from alky
groups having 1 through 12 carbon atoms.
22. The composition of Claim 11, wherein R2 is selected from
phenyl groups, substituted phenyl groups, pyridyl groups, and substituted
25 pyridyl groups. ‘
23. The composition of Claim 11, wherein R2 together form a
biarylene group.
24. The composition of Claim 23, wherein the biarylene group is
selected from biphenylene, substituted biphenylene, bipyridylene, and
30 substituted bipyridylene.
25. The composition of Claim 11, wherein R3 is selected from aryl,
heteroaryl, alkyl, and heteroalkyl.
26. The composition of Claim 11, wherein R3 is selected from
phenyl and substituted phenyl.
35 27. The composition of Claim 11, wherein R3 is selected from alkyl
and heteroalkyl having from 1 through 12 carbon atoms.
28. The composition of Claim 11 selected from Formulae 1l(b)
through [1(g) and l1(i) through lI(k) in Figure 6.
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het eroaromati c group. 25 32. The conposition of Claim31l wherein Qis

sel ected from al kyl ene groups, heteroal kyl ene groups, al kenyl ene groups,
het er oal kepyber®egisoups, al kynyl ene groups, and het er oalPKJrishen®2yipups.
33. The conposition of Caim30 wherein Qis selected fromsingle- ring
aromatic groups, nmultiple-ring aromatic groups, fused-ring aromatic 30

groups, singl e-rtggm@tﬁrﬁ%gﬂ@ﬁbp_cwmumselafuiefdif%@-ﬁdr 136 EpL1 ¢ groups,
er

fused-ring i c groups, arylam nes, silanes and sil oxanes.” 34. The
conposi ti onﬁQBF@)aiaﬁgsl&”ﬁh ein Qis selected from Fornulae V(a) through

V(h) in Figure 5303% cdmeosition¢givirigoforatul £l ikimFid0re 8haherdinRL i s sel ected

from 35 phenyl akgny. bsti.f ut enyl al kenyl ., and phenyl al kynyl , and
substitu!toed ypheﬁg|éa%%|asr§rtﬁ§6§ﬁ‘§%énf*ﬁré?”i&‘ﬂ%%%ﬁ‘PFBW'? C%f%ﬁs ﬂﬂy%o, wherein
Rl is sedected frorﬁelaﬂagﬂfmfhﬂ:e&rﬁhaﬂwl,dwt@@!alj}ftyl,gilmmé,:alagwg%\om -
2004/ 006355 PCT/ US 0 i m 30, erein

Is selected from al ?hgﬁ’ﬁég’"hﬁwﬁgg@?%m&&gm'zgk@b%’%’jﬁﬂatom;. 38. The
conposi tion of O aidtdenehgiereard, rikepylhetergaryl, mkymyihgiemarylon of d ?Ikml 30,
wherein R3 is sel eatgd,Fp 00CHHYFp, CBABITOEgHAFKYbr b@tAhi R er oal kyl .
40. The corrpositior% 'g?adsai m % bw(%r%ﬁ‘\je I's g%?e@/ d from phenyl and
substituted phenyl .l09athermay.constititeafaryleng olihatewaryigae SioHR3 i s sel ect ed
fromalkyl and Rétistlhabayle draiffegnt abeadh bba:wmel@qmrm’[eamd I10 42.
An el ectroni c devi . [ S| tiv nd a secon ayer,
wherein at | east O%S'ﬁgﬁéé@do%gg .%s‘gfgﬁég%"'rﬁ%"iﬁ{’ﬁ@ky%‘@% vative having
Formul a |, shown i metgaikylene, angeae het@banylénerarytancaieyleneyeam di f f er ent
at each occurrence mgroahflenséskpehed fromH F, 4, Br, alkyl, heteroalkyl,
al kenyl, al kynyl , . 15 ar hetero?rél, aIkernearYI, al kenyl aryl,

al kynyl aryl, ~al K |'§ﬁ§!€é&téﬁ* opy p single Bagd Redea euitMalentigkgwRi het er oar y! |
CnHaFb,180CnHaFb, a G5 Hs FEthd diace OGsHeRdteger duehithaf a5 = 2pget had ey
constitute an aryl eng or heteroarylene group; a, b, ¢, and d a&e 0 oroan
integer such that a+by = 2n + 1, and ¢c +d 20 =5, nis an, and z is 0 or
an integer fromm is@andotgges.equal to at least 2;

n is an integer2;

pis Oor1; and

20 z is 0 or an integer from 1 through 4.

31. The composition of Claim 30 wherein Q is selected from a
hydrocarbon group with at least two points of attachment, selected from an
aliphatic group, a heteroaliphatic group, an aromatic group, and a
heteroaromatic group.

25 32. The composition of Claim 31 wherein Q is selected from
alkylene groups, heteroalkylene groups, alkenylene groups,
heteroalkenylene groups, alkynylene groups, and heteroalkynylene groups.

33. The composition of Claim 30 wherein Q is selected from single-
ring aromatic groups, multiple-ring aromatic groups, fused-ring aromatic

30 groups, single-ring heteroaromatic groups, multiple-ring aromatic groups,
fused-ring aromatic groups, arylamines, silanes and siloxanes.

34. The composition of Claim 30 wherein Q is selected from
Formulae V(a) through V(h) in Figure 5.

35. The composition of Claim 30, wherein R1 is selected from

35 phenylakenyl, substituted phenylalkenyl, and phenylalkynyl, and substituted
phenylakynyl groups.

36. The composition of Claim 30, wherein R1 is selected from
alkylacetate and arylcarbonyl groups.
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43. The device of Caim42, wherein the second | ayer conprises a

qui noxal i ne derivative having Fornmula |, shown in Figure 1, and further 25
wher ei n: WO 2a0udb0RB5are the same or different at each ocedTrEsaas/oarsds ar e
selected fromH, F, O, Br, alkyl, heteroal kyl, aryl, heteroaryl,

al kyl enearyl, al kenyl aryl, al kynylaryl, alkyl eneheteroaryl,

al kenyl het er oar yB7. Talekambbstion 8ACHim @m@einwlh?géﬁec@%'ﬁﬂ al@hd
OC6HcFd, or, _both of. 30 R5 t éher ma% constitute an aryl ene or
Hiroygly 22 garof dig

het er oar yI &R BaPngd BS-from 1 through 12. 44. The device
of O aim 42, wheB8i ThelcommpssitiatdeOlaim®0, witeesyl REkeRy! , substituted

The evi ce ot o SomuB SQffidostigen SR WrittainfRS B s SRiB 8 e
aryl car Bonyeteyesnpsalkyls anthetamalid of C ai m 42, wherein Rl is sel ected
fromalkyl = 9roups. hite @indodisiPuobihd #RURACRA!RTT sddci R4/ 006355

PCT/ US2003/ 021618 47. The device o I's selected from
phenyl gro® §Py§ﬂﬂ%ﬁy@ﬂ3@@dﬂﬁﬁwyt groups, pyridyl groups, and substituted
pyridyl  groups. 448 ThEh®risoditich 6f ClgiaidD, %eré‘fﬂ@@ié‘sé@&t@d?lfon?%ll{xpget her
are 5 sel§ﬁ§§g froﬂéﬁ blarﬁlenq ﬁrqﬁglﬂgd substituted biaryl ene group.
49. The de derogil pMiBg TR 1dhrp GROR8A9MS- sel ected from a
bi phenyllene, a s4Bstin eleetiohic plerice contprisind b photokdtivadayerhdaa subst i t ut ed
bi pyridyl e 1AV LEE i .ein tg l.noxal i ne
derivati venlgt?sc_ol’:’]%()Ia %ﬁéﬂgfe\égﬁfartgénaﬁ?g?’ﬁu_ g%‘f‘%ﬂﬁ%ﬁ%& ﬁwo%%lnae and | (k) through
| (ag) in Fiegivatiye haying fFaenideyi wovei indrigure 42wherainei n t he qui noxal i ne
derivative has ROrgRd R2Hré thé Qarﬁb%r”o“ii‘fé’ren?%t ?ﬁh Sé&I\,f\Lérf?;'é! eﬁmdf‘r\é' ce
conprising a photoach%%e }aﬁgh gng %ﬁ s&pon ayer erein at 1east one
| ayer conprises a §f "OAEH1 B, Gl Bryalkyl, Betespalyb alkanymatliul a 11 i n
Fi gure 13 and For nulaayl| héteroaryl, gikyierdarylyaikeaiiaryl Rilk a@?, are the same or
different at each el ecte ro , , Br, alkyl,
het er oal kyl , al ken%W%ﬁ%ﬁ%ﬁo,%m’a%@%ylﬁ%tteg?%e fﬁ‘fyng{h?ﬁ@ﬁ@ ryl,
al kenyl aryl, al kynfriaffp, QOnbkky) 6pEREYcanhOCsHH konfidieveRéar yI
al kynyi heteroaryl , joddtheffrayonshtife aff@iiERe o RtdrbEHdIk: gupPot h of R2
a, b, ¢, and d are 0 or an integer such that atb=2n+1,and ¢ +d
20 =5,
nis an, and
z is O or an integer from 1 through 4.
43. The device of Claim 42, wherein the second layer comprises a
quinoxaline derivative having Formula |, shown in Figure 1, and further
25  wherein:
R1 and R2 are the same or different at each occurrence and are
selected from H, F, Cl, Br, alkyl, heteroalkyl, aryl, heteroaryl, alkylenearyl,
alkenylaryl, alkynylaryl, alkyleneheteroaryl, alkenylheteroaryl,
alkynylheteroaryl, ChHgFp, OChHaFp, CeHFg, and OCgHGFg, or both of
30 RS together may constitute an arylene or heteroarylene group, and
n is an integer from 1 through 12.
44. The device of Claim 42, wherein R1 is selected from
phenylalkenyl, substituted phenylalkenyl, phenylalkynyl, and substituted
phenylakynyl groups.
35 45. The device of Claim 42, wherein R1 is selected from
alkylacetate and arylcarbonyl groups.
46. The device of Claim 42, wherein R1 is selected from alkyl
groups having 1 through 12 carbon atoms.
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together may constitute an arylene or heteroaryl ene group; R3 is the sane
or different at each occurrence and is selected from a single bond and a
group selwoteddoszsn al kyl ene, 25 heteroal kyl ene, aryl en@CThseemarets ene,

aryl eneal kyl ene, and heteroaryl eneal kylene; Qis selected froma single
bond and a nmultivalent group; a, b, ¢, and d are 0 or an integer such that

atb = 2n + 1 aqqu CTl’ieQievmeEbf @QmWQSw%@rémt@%rse%&é&ﬂ fr*d?n Shehﬂas'i 2, nis
an integer; 0o rough 3. 53. The

1; t
devi ce of QF%HFPﬁ §2‘bSW¥é@%PWQ%Qr%HM”8QﬁBUS ‘3&3’['&”"8 PV hoxal i ne

derivativeghaypdlg Fornul a 11 I n Flgure 2, andfurther wherein: mis an
I nt eger fro n with the
provi so that vvhé"% "Ilﬂgd}; en |(§a 3 Evg]%%m(?owgﬁ%ag%%ég%:%

PCT/ U_SZ@OB/s@lbtﬁéderoBAa bidrglede\groep ahda slibatBRted khanyleine goeps econd | ayer
conprises a qui Ql@(gliﬁélag\%%'oY@ﬁé@f‘?@EWhé\%nFRmP{gétth aké‘sglba‘téroefrgm and

further wherein: er ent occurrence
and are s@l @@h@aylenem substituted bigpenyens: a bmvévlsaek@m aﬁ“&’ﬁ fit qti%(kjer oaryl,
5 al kyl enegy; dyfg,{genyl ar yI al kynyl aryl, al kyl enehet eroaryl,
alkenylheteroa

OC6HcFd, or bot rﬁoofﬂr@%% ﬁ@#&ﬁ%ﬁ’c‘wﬁ%ﬁ'q B'[eequ'ﬁﬂx%{m%‘?{évl_‘gyeﬁ%teroaryl ene
group; 100 i %e%bté@fr@@ﬁFofm@IEEZ(at)hlnmwgh IQlDandthkmthrsughnl(lagb eyEigufe dm 1 t hr ough

12; d 5 T f

hydr g(r:]ar bonI ;r OLﬁ)1 \?]- tt"?'nB§Y%§8;§a'ﬁ{mégp\g¢‘%?te§%ﬂ¥g§t"ﬁ bQ%I %‘ﬁégﬁgd ;?gnmaan
al i phatic drosopya Hj)Hetdégweald.phat i ¢ group, an aromatic group and a 15

het eroaromati ¢ gOURY e%tro-ﬁhfdé\ﬁé’é €6 fnsﬂgaé Phefathes Riyer @ntisa sel ected from

ﬁlar )élr gglekegﬁiﬂ%ggé ay&?ﬁ,@bgﬁelgék%t gﬂé*%f%&ﬁg‘perh%ée%n&"g @Fﬂ?ynyl ene groups.
57. Thesdeeiwatiie SbRictadbRomRiraiuta Q in Figereer bnd FormoissiliniglFigureryy 20
aromatic gro#é)s multiple-ring aromatic groups, fused-ring aromatic groups,
R1 and R2 are the same or different at each occurrence and are
selected from H, F, Cl, Br, alkyl, heteroalkyl, alkenyl, alkynyl,
aryl, heteroaryl, alkylenearyl, alkenylaryl, alkynylaryl,
20 alkyleneheteroaryl, alkenylheteroaryl, alkynylheteroaryl,
CrHaFp, OChHaFp, CgHcFd, and OCgHGFg, or both of R2
together may constitute an arylene or heteroarylene group;
R3 is the same or different at each occurrence and is selected from
a single bond and a group selected from alkylene,
25 heteroalkylene, arylene, heteroarylene, arylenealkylene, and
heteroarylenealkylene;
Q is selected from a single bond and a multivalent group;
a, b, ¢, and d are 0 or an integer suchthata+tb=2n+1,andc+d
=5
30 m is an integer equal to at least 2;
n is an integer,;
pisOor1;and
x is 0 or an integer from 1 through 3.
53. The device of Claim 52, wherein the second layer comprises a
35 quinoxaline derivative having Formula 1! in Figure 2, and further wherein:
m is an integer from 2 through 10;
n is an integer from 1 through 12;

with the proviso that when Q is a single bond, p is O.
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single-ring heteroaromati c groups, nmultiple-ring aromatic groups,
fused-ring aromatic groups, arylam nes, silanes and, siloxanes. 58. The
devi ce ofwO0l2a04100635 wherein Qis sel ected from Formul ae pC¥(Gspomsheagh V( h)
in Figure 5. 25 59. The device of Caim52, wherein the quinoxaline
derivative is selected fromFornulae 11(b) through 11(g) and 11(i) through

11(k) in Figuress TiD4edbe ofeYaiffs2fwhérinielse d@dﬂar@y@ré difprsdswxal i ne
derivative is selected ? 11(m. 61. An

el ectronic q@m@@ng]deey%ﬁwaﬁ\i{lg orWHé%é %thﬁég gpéi&%&ervr\}}q e
light-emitting qbded R2 gatthersanieé bgditleesitraigaeniocelirrenté andrara
phot odet ect or . 358elected from H, F, Cl, Br, alkyl, heteroalkyl, aryl, heteroaryl,
5 alkylenearyl, alkenylaryl, alkynylaryl, alkyleneheteroaryl,
alkenylheteroaryl, alkynylheteroaryl, CnHgFp, OCnHgFp,
CgHcFd, and OCgHcF(, or both of R2 together may constitute
an arylene or heteroarylene group;
m is an integer from 2 through 10;
10 n is an integer from 1 through 12; and

pis 0.

55. The device of Claim 52 wherein Q is selected from a
hydrocarbon group with at least two points of attachment, selected from an
aliphatic group, a heteroaliphatic group, an gromatic group, and a

15 heteroaromatic group.

56. The device of Claim 52 wherein Q is selected from alkylene
groups, heterealkylene groups, alkenylene groups, heteroalkenylene
groups, alkynylene groups, and heteroalkynylene groups.

57. The device of Claim 52 wherein Q is selected from single-ring

20 aromatic groups, multiple-ring aromatic groups, fused-ring aromatic groups,
single-ring heteroaromatic groups, multiple-ring aromatic groups, fused-ring
aromatic groups, arylamines, silanes and siloxanes.

58. The device of Claim 52, wherein Q is selected from Formulae

V(a) through V(h) in Figure 5.
25 59. The device of Claim 52, wherein the quinoxaline derivative is
selected from Formulae 11(b) through li(g) and li(i) through li(k) in Figure 6.
60. The device of Claim 52, wherein the quinoxaline derivative is
selected from Formulae ll(a), li(h), 1i(l) and li{m).
61. An electronic device of claims 41-59, wherein the device is a
30 light-emitting diode, light-emitting electrochemical cell, or a photodetector.
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