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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 and one of the contact layers. A
hole transport layér 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 and the

30 electron-injecting contact layer, also called the cathode.

There is a continuing need for charge transport materials.

SUMMARY OF THE INVENTION

The present invention is directed to a charge transport composition
comprising a triarylmethane having Formula I, shown in Figure 1, wherein:

35 Arl can be the same or different at each occurrence and is selected

from aryl and heteroaryl;

R1 can be the same or different at each occurrence and is selected

from H, alkyl, heteroalkyl, aryl, heteroaryl, arylalkylene,
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Q is selected from a single bond and a multivalent group;

m is an integer equal to at least 2;

p is 0 or 1, with the proviso that when p is 0, Q is a multivalent

group that is arylene or heteroarylene; and
25 Arl R1, athrough d, and n are as defined above.

In another embodiment, the present invention is directed to an
electronic device having at least one layer comprising a material selected
from Formulae | and II, shown in Figures 1 and 2, wherein Ar1, R1, R2, Q,
X, a through d, m, n, and p are as defined above, with the proviso that in

30 Formula | when X5Ar1 is p-methylphenylene, R1 is not ethyl.

As used herein, the term “charge transport composition” is intended
to mean material that can receive a charge from an electrode and facilitate
its movement through the thickness of the material with relatively high
efficiency and small loss of charge. Hole transport compositions are

35 capable of receiving a positive charge from an anode and transporting it.
Electron transport compositions are capable of receiving a negative
charge from a cathode and transporting it. The term “anti-quenching
composition” is intended to mean a material which prevents, retards, or
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25 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 triple bonds and having one point of attachment, which group may
be unsubstituted or substituted. The term “alkenylene” is intended to
30 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 may be unsubstituted or substituted. The term “alkynylene” is
intended to mean a group derived from a hydrocarbon having one or more
carbon-carbon triple bonds and having two or more points of attachment,
35  which group may be unsubstituted or substituted. The terms
‘heteroalkenyl”, “heteroalkenylene”, “heteroalkynyl” and “heteroalkynlene”
are intended to mean analogous groups having one or more

heteroatoms.The term “alkenylene” is intended to mean a group derived
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separated by physical means. The term “ligand” is intended to mean a
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DESCRIPTION OF THE DRAWINGS
Figure 1 shows Formuila | for a charge transport composition of the
25 invention.
Figure 2 shows Formula Il for a charge transport composition of the
invention.
Figure 3 shows Formulae I(a) through I(s) for a charge transport
composition of the invention.
30 Figure 4 shows Formulae lli(a) through lli(h) for a multidentate
linking group.
Figure 5 shows Formulae ll(a) through 1I(f) for a charge transport
composition of the invention.
Figure 6 shows Formulae 1V(a) through IV(e) for
35 electroluminescent iridium complexes.
Figure 7 is a schematic diagram of a light-emitting diode (LED).
Figure 8 is shows formulae for known hole transport materiais.
Figure 9 is a schematic diagram of a testing device for an LED.
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groups i ncl GABMPHR OfzUDSHRIEN'S I .0yt g peLlypited 0, afivh hsderoalives, and
benzot r2zobes, heteroaryl, arylalkylene, heteroarylalkylene, ChHgFp, and CgHcFg,
where a through d and n are as defined above.
In one embodiment, X is a fused heteroaromatic ring group.
Examples of such groups include, but are not limited to, N-carbazoles,
benzodiazoles, and benzotriazoles.
25 In one embodiment, N(R1)2 is a fused heteroaromatic ring group.
Examples of such groups include, but are not limited to, carbazoles,
benzodiazoles, and benzotriazoles.
In one embodiment R1 is selected from alkyl groups having 1
through 12 carbon atoms, phenyl and benzy!.
30 In one embodiment, there is at least one substituent on an aryl ring
selected from F, CyHgFp, OChHgFp, CeHcFg, and OCgHcFg, where a
through d and n are as defined above.
In one embodiment, there is at least one X group selected from F,
CnHgFp, OCnHaFp, CeHcFd, and OCgHFg, where a through d and n
35 are as defined above.
Examples of suitable hole transport compounds of the invention
include, but are not limited to, those given as Formulae I(a) through i(t),
shown in Figure 3.
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111(h). alkynylene groups, and analogous compounds with heteroatoms single,
multiple-ring, and fused-ring aromatics and heteroaromatics; arylamines,
such as triarylamines; silanes and siloxanes. Additional examples of
25 multivalent Q groups are given in Figure 4 as Formulae lll(a) through Ili(h).
In Formula lll{f), any of the carbons may be linked to a charge transport
moiety. In Formula IlI(h), any of the Si atoms can be linked to a charge
transport moiety. Heteroatoms such as Ge and Sn can also be used. The
linking group can also be -[SiMeR1-SiMeR1],-, where R1 and n are as
30 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
geometries of the triarylmethane moiety and Q. In one embodiment, m is
an integer from 2 through 10.
35 In general, n is an integer. In one embodiment, n is an integer from
1 through 20. In one embodiment, n is an integer from 1 through 12.
In one embodiment, Arl is selected from phenyl and biphenyl
groups, which may have one or more carbon atoms replaced with a



In Formula 111(f), any of the carbons may be linked to a charge transport
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t hrough d and’ e conpositions represented by
Formul a || €gfineabepared using standard synthetic organic techniques, as
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di spersi on, teadﬁniques or conventional solution processing methods. As used herein,
“solution 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,
25  for example, solution casting, drop casting, curtain casting, spin-coating,
screen printing, inkjet printing, gravure printing,and the like.
Examples of linked compounds having Formula 1l include, but are
not limited to, those given in Figure 5, Formulae li(a) through Ili(h).
Electronic Device

30 The present invention also relates to an electronic device

comprising at least one of the charge transport compositions of the
invention. The charge transport compositions can be in a separate layer,
positioned between a photoactive layer and one electrode. Alternatively,
the charge transport compositions of the invention can be in the

35 photoactive layer. A typical device structure is shown in Figure 7. The
device 100 has an 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-



enul sion, or other forms. Typical solution processing techniques include,
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Group 8-10 transition metals. If the anode is to be light-transmitting,

25 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 “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

30 partially transparent to allow the generated light to be observed.

Examples of the photoactive layer 130 include all known
electroluminescent materials. Organometallic electroluminescent
compounds are preferred. The most preferred compounds include
cyclometalated iridium and platinum electroluminescent compounds and

35 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,
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injecting electrons or negative charge carriers. The cathode can be any

25 metal or nonmetal having a lower work function than the anode. Materials
for the cathode can be selected from alkali metals of Group 1 (e.g., Li, Cs),
the Group 2 (alkaline earth) metals, the Group 12 metals, including the
rare earth elements and lanthanides, and the actinides. Materials such as
aluminum, indium, calcium, barium, samarium and magnesium, as well as

30 combinations, can be used. Li-containing organometallic compounds, LiF,
and Li-O can also be deposited between the organic layer and the cathode
layer to lower the operating voltage.

It is known to have other layers in organic electronic devices. For

example, there can be a layer (not shown) between the anode 110 and

35 hole transport layer 120 to facilitate positive charge transport and/or band-
gap matching of the layers, or to function as a protective layer. Layers
that are known in the art can be used. In addition, any of the above-
described layers can be made of two or more layers. Alternatively, some
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or Igani §20I aymmo?a;&; bﬁot@aﬁ‘[i\i@{éyér 030,510-20001 prefetdisipd 06+ @IHA; n sui tabl e
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t echni ques, cath&de d60p20d110090As prefenablyp3dE0AGA. gievocetion ofitheng and t he
like. 1n gengrfbn-HoE rélidnhiih&ion *YEisth¥ ddvice, and thus the emission
spectrum of the device, can be affected by the relative thickness of each
25 layer. Thus the thickness of the electron-transport layer should be chosen
so that the electron-hole recombination zone is in the light-emitting layer.
The desired ratio of layer thicknesses will depend on the exact nature of
the materials used.
The triarylmethane derivative compounds of the invention may be
30 useful in applications other than OLEDs. For example, these
compositions may be used in photovoltaic devices for solar energy
conversion. They may also be used in field effect transistor for smart card
and thin film transistor (TFT) display driver applications.
EXAMPLES
35 The following examples illustrate certain features and advantages
of the present invention. They are intended to be illustrative of the
invention, but not limiting. All percentages are by weight, unless otherwise
indicated.
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but not i it : | ; : | se
i ndi cat ed. mf‘f%'%%ii@ﬁ%ﬁ%@%ﬁU@é%&@é (%“i'g%g;h Itl%;%?ll\l/gi%éia'lr | }g exanpl e
i | | ust r at esvagye gndihandestad for OLEDidoyigabllYe Yislde 4BYantidér conpositi ons,
shown in Fi » 6.5 ®! f B. ) di3etdiy); 2002 (eh; ui. 06 me and
12. 49 Ip 5 :‘ﬁg)(?lgge% %%3%}216 ?5(nﬁ1%x€%ni@n 3|\$08r\$kiiﬂet hgz;(ﬂél an(d) 16m@)§onc. HCl .
This m xtur va@rge-ﬁ $e L}Y@Q nder nitrogen for 16hrs at which point
the m xthure was Ottwreriapefhane edmpoundds0ere rdade isirhibatiyethstitutiiige sol uti on

dj ust | ' ' ' ot th I
femoved by §bPyREIcht St ik 208U A de Hrb- MogBphiadematgl, B hane
resi due whia@ppvsagracedurarsashed with 100mL distilled water and finally

recrystalli t . Y F e )izt Ig(d);was dried in
recrystallt SAPLAR NP YR BBY; P! 3 YR bt ?1‘(4),%@’8(%6 91(% R

6.9(m; 6. 8@-6{‘3);?855 (@wé)é(@%g(?ﬁ%e '51%3@%@')95'@%@&? l d2.402( s): 1.05(t). 19F
nnr: - DHB. 6CenpoMAt 1IO0ridkl BA%EVIPL NBArQ] et hiwre 74Bfpunds were nade
simlarly syBSiid yiiNg a5m).5.45(s):3.23(q):2.02(s);1.05(t)
Compound I(c): Yield 79%; MPt 161°C; 1H nmr: 8.10(d);
7.16(d);6.4(m);6.35(m);5.50(s);3.23(q);2.02(s);1.05(t)
Compound i(d): Yield 62%; MPt 143°C; 1H nmr: 7.38(d);
25  6.97(d);6.54(m);6.42(m);5.47(s);3.35(q);2.12(s); 1.15(%)
Compound I(e): Yield 48%; MPt 96°C; 1H nmr: 6.88(d);
6.71(d);6.5(d);6.41(m);6.3(m);5.35(s);3.23(q);2.02(s); 1.05(t)
Compound I(g): Yield 3%; MPt. 155°C; 1H nmr: 6.95(d);
6.72(d);6.62(d);6.55(m); 6.45(m);5.45(s);4.64(s); 3.33(q); 2.12(s); 1.15(t)
30 Compound I(h): Yield 14%; MPt. 139°C; 1H nmr: 6.80(d);
6.6(d);6.5(m);6.38(m);5.33(s);2.80(s);2.06(s)
Compound I(i): Yield 40%; MPt. 163°C; 1H nmr: 7.16(d);
6.87(d);6.51(d);6.40(s); 6.32(d);5.38(s);3.23(q));2.02(s); 1.21(s); 1.05(t)
Compound I(j}: Yield 59%; MPt. 159°C; 1H nmr: 7.51(d); 7.38(d); 7.33(t);
35 7.22(t) 7.05(d) 6.54(d); 6.43(s); 6.35(d); 5.45(s); 3.23(q);2.02(s);1.05(t)
Compound I(k): Yield 7%; MPt. 198°C; 1H nmr: 6.70(d); 6.42(m);
5.68(s);3.23(q);2.02(s);1.05(t); 19F nmr: -140.6(m); -158.0(m); -163.0(m)
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on equi val ent of the appropriate al dehyde for p-fluorobenzal dehyde in the
above procedure. Conpound 1(a): Yield 58% MrPt 113C, 1H nnmr: 7.1(t);7.0(t);
6.9(d); WO020ay8485(s); 6.28(d);5.37(s); 3.15(q); 1. 97(spCcr/udeeop/o2G1Lonmpound
13( 223:( ;n gl CHABouMPI(1) 6vield 98°}t4 Wmt; 122@85(d)nmr: 77.18@); B.18(s)7.60@5( m ;

. s); 3. % MPt 161 C 1H
T 8, 10(§g§gd9 §%?E§> %3"3@3% %)(ggo%%gsr) 8(%3@’322@%@%@(3) . 1. 05(t)

Conpound | (@Omp&urd dndR % ieldt8 AABIEL. AT ;ARrnMI. ?@@tﬂd 25 6.97(d); 6.54(m;

L, Yt s ook S om0
é%ﬁigﬁel@ggﬁn;ga% mif(m“?i@ »%e 222’“ i) A |

: ; (65323(§)2. 6261505 ()N 3 1228 1.15(t)
<0 comaun T & s Ry 51

63C, 1 H

anl(z) 16(1C’7):Ir)c![)6683714(df))6 a26sh; 6.85(cH; mg?@)) 3@3@:2)(@1)2@)38050{)& 23(q); 7258288)
nnr:
7.38(d) " wy] 914@3/6\9. by @@4}/ i 7%?@‘? 6.35(d): 5. 45Es§

3. 23(q)102 B46N);6.351);5. Sm:e)maafm z.okos) 1\0at)d19%nnmpt -108dds), -1 H nnr:
6.70(d); 6.4p{A)) 5 68(s);3.23(q);2.02(s); 1. 05(t); 19F nnr: -140.6(m;
-158.0(m): -163 3(n) 12 WO 2004/ 005406, PCT/ US2003/ 021612 Conpound | (1) :
Yield 98% MPt. 122C 1 H nnr: 7. 1=XQMPLE 23(5):7.00(t): 6.85(d); 6.42(d);

6.39(s);6.30(m; Tﬁs%&éﬁ) lesSilldstrares tRe @résarafio®of b)holtranspeit! (M) : Yield

o0 P et and b s s ?arﬁﬁm smbohR ety Ve 11508 1

H nrrr: 15. 2(Kigure 6. 88(m) ; 6. 4(m ; 6. 35(m) ; 5.38(s); 3.23(q); 2. 02(s);1.05(t); 19F
1-112. 6( %,oporrpound l(o): Yield 41% MPt. 135C; 1 H nnr: 8.58(d);

7 79(d) 7.6 6.54(d):6.42(s); 6.35(d 47 3.23
2.02(s); 1.05(t)1 3@%&&&@ hepp)ad a\mem(n)ams MF@EPa)rQQQCQéVS%DQ-’(Onm(q)? 50(s);

R G G
transport conpolrRidRA ‘P)ﬁdoar%nque%]%]qcﬁﬁeg@ilor%f'ﬁ%ﬁ%pr e’%ﬁbgﬁl @W%uﬁdhill?c)
In 20 equipped with a magnetic stirring bar and NaOH drying tube, was added
‘ 1,3,5,7-tetraphenyladamantane (1.00 g, 2.27 mmol) and 30 mL anhydrous
methylene chloride. The undissolved reaction mixture was cooled to -5
°C and then charged with TiCl4 (3.38 mL, 30.82 mmol) and then
dichloromethylmethylether (3.38 mL, 37.37 mL). The reaction stirred 17 h.
25 at-5 °C and was then poured into crushed ice. The aqueous layer was
diluted to 300 mL, vigorously shaken and the layers then separated. The
organic layer was then washed with 200-mL brine, dried over MgSO, and
then concentrated to afford a yellow solid. The crude material was
dissolved in hot ethyl acetate, and then diluted with hexane until the
30 formation of a precipitate was observed. The mixture was filtered, the
precipitate discarded, and the filtrate concentrated by rotary evaporation,
affording 0.5520 g of a white waxy solid.
Step 2:
A 100-mL, one-neck, round-bottom flask, equipped with magnetic
35  stirring bar, Dean-Stark trap, condenser, and nitrogen inlet was charged
with 1,3,5,7-adamantane tetrakisbenzaldehyde (0.55 g, 1.0 mmol), 60 mL
n-butanol, 20 mL conc. HCI, and N,N-diethyl-m-toluamide (0.666 g, 4.08
mmol). The reaction mixture was heated at reflux for 24 h. and then water

13



15 Figure 5. Step 1: 1,3,5,7-Tetraphenyl adanmantane was prepared accordi ng
to: Newman, H., Synthesis 1972, 692. In a dry box: to a 100-nL, jacketed,
one- neck, woaomdobwst om fl ask 20 equi pped with a magnet ipPCTAtS2e03ioap1ibar and

NaO:*) dr ylj ng\ééyéﬁeotvmc@gdﬁﬁmea cﬁﬁe&,ai‘ré(ﬁlt’@liﬁiam .atheeanairend @fjm‘ g, t 2.27
mol ) an rous c [ reaction
m xt ure was &%r\e‘ﬂa 0“%‘*”@%5’%@% 8 eag'%n a%nggﬂﬁﬁgb@m 30. 82
mrol ) and trhethylethecthlorderandh ywasbedywidt heo nQLS\Ma&rmI heaaq@uﬂ;zyerrhe reaction
stirred 17 [ e. The aqueous
| ayer was ngsf g@ug{%d%%%m mn%’?%ﬂg%@ﬁ"ﬁ%eﬁmgﬂ%{ Hﬁ&?{ﬁghﬁrs t hen
separ at 8d. bitrrbooatganThe mixtere W§§ &hﬁéﬁnM@Hé&ﬁrﬁﬁsﬁﬁaﬁﬂédnﬁbe&mﬁ@'c dried over
vas i a5l VAl UG MB O A e B e eane unt 1 ¢

s dissolv i e, an exane unti e
30 for nmat i @ifasding bf'f%@ﬁqfé‘t °M‘s9|85§3é§9|5£ B‘I*ﬂ#écax‘loﬁt Vﬁeaﬁnas filtered, the
preci pi tat Q:hﬁ‘d)ﬁ%@dgiﬁghy aner siliea §el GZE@%G—R’:@HWCH@CQNaﬁWdaat(31897é\gapor ation,

ite waxy solid. Step 2: A 100-nL, one-neck,

affording 0 |
round- bott aégcﬁ S%f’f? ed with magnetic 35 stirring bar, Dean-Stark
trap, dOndenser and ni trogen i nl EXAMPLFh3rged with 1, 3,5, 7-adamant ane

tetraki sbenzal dehyde ftqs%gaﬁw 6e1glggfm@s)th839eﬁéfat|8n %Fbﬁ'?ﬁ’dhun’?o m. conc. HCI,

and N, N-di et hyl - mt ol uam The reaction m xture was
heat ed at rQieq:f{meTtbmeMnhCOféJﬁlP% ﬁBﬁW\Wa'-‘:SeFOVI@W\b/ s

_Fr’ﬁT /' Us2003/ @r?érﬁﬂ@vwd’iﬁéIl?’élﬁptZ-Ppﬂ@@*dpheﬁlVI%Lﬂnﬂadrdnvéthvlamldldéi tional 16 h.

e remmining green_ so on _\was concent evapor ati on,

di ssol ved in 150 QG%EHEQT%?QUE%H&?@&@ (iﬁ)sc\y\'/ggﬁirb LPhg‘?L’so nL water. The

aqueoud 5l ayrRrThewrvia] EiSeltivogebSyaletly 19991i45-68. &f mixtura afr2(iCennl obl uti on of

sodi um 5 b'?egé%%%tvgate;r% gli{a%s}ﬁ‘?ﬁcﬁwﬁ%ﬂa {50eml gyers separated, the
rre

organi c ove corcentrated by rot ary

evapor at i oril ,2adimethippigtaneg 8¢ g oS PHUPRhaM 050288 0& 3tGHIOTomr i fi cati on by

flash Chfoc &Bﬂina&h gM@iheselrJd @@5@@& - ﬁﬁ(@ﬂopﬁé@nbbmrﬁwaua&a@fforded
0.8977 ¢ atan trates the

le ill
prepar at i orf eftxag ($ 198| é%ﬁoréﬁégq Pol Lhﬂ rﬁéb‘k'@ﬁtre@&%\ W%npsen\eefﬁllﬁ dﬁlgjtseﬁor mul a
| V(a) oo Figith 806.ml of water and extracted with CH2Clo (2 x 100 ml). The

combined organic layers were dried over MgSO4, and the solvent
removed by vacuum. The liquid products were purified by fractional
vacuum distillation. The solid materials were recrystallized from hexane.
The typical purity of isolated materials was >98%.

25  Iridium complex:

A mixture of IrCl3-nH20 (54% Ir; 508 mg), 2~(4-fluorophenyl)-5-
trifluoromethylpyridine, from above (2.20 g), AgQOCOCF3 (1.01 g), and
water (1 mL) was vigorously stirred under a flow of N2 as the temperature
was slowly (30 min) brought up to 185°C (oil bath). After 2 hours at

30 185-190°C the mixture solidified. The mixture was cooled down to room
temperature. The solids were extracted with dichloromethane until the
extracts decolorized. The combined dichloromethane solutions were
filtered through a short silica column and evaporated. After methanol
(50 mL) was added to the residue the flask was kept at -10°C overnight.

35  The yellow precipitate of the tris-cyclometalated complex, compound 1Va,
was separated, washed with methanol, and dried under vacuum. Yield:
1.07 g (82%). X-Ray quality crystals of the complex were obtained by
slowly cooling its warm solution in 1,2-dichloroethane.
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Phenyl pyridine ligand 2-(4-fl uorophenyl)-5-trifluoronethylpyridine The
general procedure used was described in O Lohse, 15 P. Thevenin, E.

Wl dvogel wByno4to5406 1999, 45-48. A mixture of 200 m of Pdwgmm]emzmm er, 20
g of potassium carbonate, 150 m dEXAMPL-El4et hoxyet hane,

Pd( PPh3) 4, 0.05 of 2. LrLifluor oronEA : 05 mol  of
4-f | uor ophenyl boﬁgﬁ%a@@aedq é'atersetpp&rg&a tcgbo gbgﬁ,{:s'ir%%ﬁ%()&%(#g%h
resul ting rtesdpootncampasitiensaaistheiinverd®n0 with 300 m of water and

e hoos and THirEm G PO Wi inglfifg £ AGR RARrRATeH PIgER, ver e df ! ed

over MySH, and e solven ts were
purified byeleetselumineacenyayen iFldiayer) iﬂ@ﬁ ebleastrpe §lﬂqtr@nrfﬁﬁr§rpp s were

recrystal l'i gz@gof éﬁt'ifhbéﬁf&ﬂﬁ layENEtrYAQQq erpWerd fab?fcateﬁpb tiesithepinar i al s was

>98% 25 Irid H2 54%

R ut ok Ao G bt )

QEZJOCOCFt ﬁ ( tlp@nﬂa @)Oe;s @sedl. Ted basé Yaolymviesal bfithecthir finsdépositbruwdsiin abf I ﬁw of
as the eratu t t

After 2 ho raf‘g%@% i%%é%?ﬁ%ggm(’é? 84}”@%@{%@5\%@ C(#%‘PL Oflgé%%usrtg{ sacog)l ed

down tdOr odime diffepant fitnos withohbtheonéatttolencakeptthastesdum.t h di chl or onet hane

until the ext ra@éﬁerﬂ%&%&ﬂh?ﬁﬁ’oxﬁ@?lf@ﬁ?éé&@&‘ gﬂéﬁ@tﬂfs@r’é‘t‘é@ﬁ'&% Fphutions

were filtered throu T ca co evapor at ed fter methanol
(50 ni) wasFlaa&&wQQ§ Infewps sisgde Theserll ek apRasesten 5omingd /gfer ni ght . 35

\I,gg ggL;?\éVt@é§§b69batvﬁtrpﬂ4©M ITOIcsoawgl gnntsabgt .@@astm eK30 corrporgd I \1/6107

o an | e naer e
(82% . X-Ra éﬂP?S? %’%5541”@9@%@%@'8%%%&3% amgg, X §!§5§5 ¥éss| owl y )
c%%)_} bgg éiog /swemr thenadledrieshultrasanizaliy trhamlemxsmaaiergemwbtlaoo'ﬁhe)05406
P f
OLEDs usi ngaf%s %a\lr;éﬁé\ﬁteﬁ r4hs-ga \Pltﬁ)a%@é&w%é\@%w{ﬁb# %gﬁﬁeﬁﬁ‘i | ‘CI)'El g film
OLED devi ceand tgndegrgasedis t@luer@nmrtfow AGEPUIHT | ayer), 5
el ectrol um nescefpe h@éﬁéd( ,Eé{témxéarnroaéubs@ﬁaté Ra8 thé&m RaRlcdGhidhet r anspor t

vapor at | orVAHT FHUEbCRANE e FaARED MBS LIRS AP 1 TR 1 usi on
plﬁﬁp WD US@@bséFBﬂ@m@@&ﬁeN&W@éﬁdl@anai Usiag etnhcmygbnrplés*.rhzarn‘a:lreqaimt]'fut2I ion was in
e o kbl e SSRGS R SRR A RERR i ceposttin 20
deposited sequentially onto the substrate by thermal evaporation. Finally,
patterned metal electrodes of Al or LiF and Al were deposited through a
mask. The thickness of the film was measured during deposition using a
25  quartz crystal monitor (Sycon STC-200). All film thickness reported in the
Examples are nominal, calculated assuming the density of the material
deposited to be one. The completed OLED device was then taken out of
the vacuum chamber and characterized immediately without
encapsulation.
30 Table 1 summarizes the devices made with the hole transport
compositions of the invention, and with the comparative hole transport
compounds shown in Figure 8. In all cases emitting layer was the iridium
complex from Example 3, having the thickness indicated. The electron
transport layer 140 was 4,7-diphenyl-1,10-phenanthroline, DPA. When
35 present, electron transport layer 150 was
tris(8-hydroxyquinolato)aluminum(lll), Alg, each having the thicknesses
given. The cathode was a layer of Al or a dual layer of LiF/Al, with the
thicknesses given.
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Patterned indiumtin oxide (I TO coated glass substrates from Thin

Devi ces,

Wi th 1400W0I28@/686i ng,

|l i'ght transm ssion.

with sh

eet

resi stance of 30

Film

Inc was used. These ITO s are based on Corning 1737 gl ass coated
ohmerasaemsm2emzl 80%

The patterned | TO substrates 15 were then cl eaned

ul trasoni cal Ty Tn agueous detergent t|1on. The subsirates were tHhen
rinsed with distilled water, followe aE!gjgi—sopropanol , and then degregased
in toluenel vapor for -3 hours. The cDemieely patterned | TO substrate was
t hen | oaded the uum chpgber and S pujr'@faq to
10-6 torr. %‘E‘tp?‘io suhsirate was Then fur%ﬁ@ﬂ%ﬁy&i ng|an %§§%\2n
pl asma for about 5- 10 Mutes. After cleaning, multiple |aye of thiln
filnms were Eﬁt) % |é&q sgauenpsal |y omma g sURRLIES e b“i Iqlgrmal
evapor ati on na t erned netal ellectrodes pf A or Li 2 wer e
deposited rouqh a N The thickness|of the fi]lmwas neg r5 4 dur| ng
deposi ti on| @ghipdiratived qy@m zpcryapgl noniltppA@$gcon STC-200) AlABE filim
t hi ckness §ported in tgwod Exanpl es are nominal, cpalcul ated|assumi ng |t he
density of | Phe materi 1 eposited to belone The onpl et ed|OLED deviice was
t hen taken gutnpafrawdwe @mpum chagber and Dvadddteri zed i medidBél y w t hout
encapsul at 30 Tabl & summafi zes the |devices nmpde with the hole
transport nmpml tioqs—of—the lnvention—and—wth-the-corparati-ve—hgl e
transport | Compauatie sk@mmpi Fl 442e 8. I[[IPRAK1IZases enittindli72er was the
iridium cppplex fromggymle 3 havi ng tlhe thickngess indicated. The
el ectron FaRspert yer—140—nwas —diphenyt=11 rnlcuoult hr-ot- e, BPA.
When 35 pr e@@f’ﬂpar%tlv@ctr r Bns 3694 i ayer| D s | A LiF 10
tris(8-hydrgxyqui nol at o;)(gg umi I’lUT(l | 1), Al g, each having thepu I2|j5gknesses
gi ven. The[cathodewas Fayer Aor 4 ttayer, of LT FiA |t he
t hi cknesses"rj‘i ven. 15 \AE)ZOOM 0)5@86 PCT/ %69/1021‘6@&0#abl ér—i VI cles
Sanpl e HT EL, A ET/AQ|30ET, A Cathode, |(A) A Conparative Cad@53A 405 DPA
égg Alq 30 1-'5 FI0 A ::m) Al b1z4oé,orrpar athIyR 18%rrp A|<3:] é&} ,ﬁ”fl]ré Al {735 B
303 Al 452
1-3 I(c) 403 DPA 101 | Alg 303 LiF 10
303 Al 454
1-4 I(d) 405 DPA 101 | Alg 303 LiF 10
303 Al 454
1-5 I(e) 404 DPA 101 | Alg 303 LiF 10
303 Al 453
1-6 () 404 DPA 102 | Alg 302 LiF 10
303 Al 452
1-7 1(9) 405 DPA 103 | Alg 302 LiF 10
304 Al 452
1-8 I(h) 403 DPA 102 '| Alg302 | LiF 10
302 Al 453
1-9 I(i) 404 DPA 105 | Alg 302 LiF 10
305 Al 453
1-10 1(j) 403 DPA 102 | Alg 303 LiF 10
305 Al 453
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Conpar ative Conp. C 433 DPA 414 Al 734 C 506 Conparative Conp. D 412 DPA
417 Al 726 D 505 Conparative Conp. E 404 DPA 101 Alq 304 LiF 10 E 302 A

453 1-1 wQapo#d240pPA 101 Alg 302 LiF 10 302 Al

453  1- PCI(Usp00s0316DPA 103

Alqg 304 LiF 10 303 Al 452 1-3 1(C) 403 DPA 101 Alq 303 LiF 10 303 Al 454

1-4 1 (d) 40p DPAITOT A JUJ |_|| 10303 54 IS ] 04 TO0L Alg
303 LiF 10 | 503 Al 453| KKB | ﬂég DPA 18571 3031938 10/ L5 A k52 1.7
I(g) 405 DPA 103 Al q 30304 F 10 304 Al 452 1-8 I(h) 403 DPAI3t2 Al f 302
LiF 10 302[A,,A53 1-9||f) 404 PR 105 Abpadieh Ui & 305 A 4#53 | 1- 10
. 4 A 1802 305 fd 4
1(j) 403 DPA 162 Alq 3(!3()L| F 10/305 Al 4537716 VD) 20041005406
PCT/ US2003/ 021612 _1-11301k) 403 DPA 101]Alq 303 liE 10 304°h$3%17 | 112
1(1) 403 DPAMHB0 Alq 30 n{;| F 10 4851 Al BBPALIOB | Ahy36®5 DRk 102 Al g 305
LiF 10 302|Al 453 1- Lﬁ 3(n) 403 DPA 102 Alq 303|LIF 10 303 pb3451 1-15
11(a) 404 DPA102 Alq—389%LiF 10 302 AF1452
1-14 I(n) 403 DPA 102 | Alq303 | LiF 10
302 Al 451
1-15 li(a) 404 DPA102 |Alq304 | LiF 10
302 Al 452
1-16 li(b) 402 DPA101 |Alg301 |LiF10
302 Al 454

10

15

20

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 results for devices using the triarylmethane hole transport
compositions of the invention are given in Table 2 below:
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1-16 11(b) 402 DPA 101 Alq 301 LiF 10 302 Al 454 The COLED sanples were

characterized by neasuring their

(1) current-voltage (1-V) curves,

(2)

el ect r ol uwDnesi®sme radi ance versus 5 voltage, and (3) pelraseeosloarsinescence
spectra versus voltage. The apparatus used, 200, is shown in Figure 9. The
I N curves of—anCGcED—sanpt é““, were measured wWjth a Keithl ey
Sour ce- Measprenent Unit M . 280. The el ectriol um nescence radi ance
(in the unit of Ebettrduminescent|Rrapertiesofi@edcesd wijth a Mnolta LS-110
| umi nescence nmeter, 1D 210,puhile the vol tmgg was scanned using the
Keithley SMJ. The el ectrol um nescence spectrum wag obtai ned by coll ecting
light using|a pair of |efa8@nce30,  hrot§RCAH el edtronic shutter, 240,
di spersed thr Sighpla $pect reagnmaph, 250, ancb/Ahen ngasured with a di ode
array detec op, sz& Al tPQ&? rreasurerrentz? were perforned at the sane
time and cont rofMfed 15 by a conputer, 270. "The effi|ciency of the device at
certain voltage is deterniehddVy dividing the el edtrol uni nescence radi ance
of the LED bycoifieprutrent degsity needed t run the device. The unit is in
cd/A. The results for devicgz1§§ing t he triaryl met hane hol e transport
conpositions—of the i1 2 gi-vepin-—Table 2-bel ow. 20 17 WO
2004/ 005406 | PCBMISZO0B/ 02161800 TABLE| 2 El edtT ol umi nescent Properties of
Devices Peak Peak Radianggqz&fficigncy, Sanple cd/n2 cd/A Conp. A 7000
24 at 14V Conmp—13—3700—16 g‘ 21—V Conp. U : at17v  Conp. D 1500
1.5 at 16V ok®MEDI8000 121580 11 V{at © V58 ImWat 5 Vv
at16 Vv
Comp. E 18000 12
at11V at9Vv;
8Im/Wat5V
1-1 6000 22
at15V
1-2 6000-7400 14-17
at17Vv .
1-3 40 25
at23V
1-4 700 6-10
at13Vv
1-5 7000 20
at15V
1-6 11000 35
at13 Vv \
1-7 3700 10
at15V
1-8 2600 11.56
at15Vv
1-9 4000 20
at16 Vv at11Vv
1-10 3400 5
at16 v at12Vv
1-11 800 10
at 14 Vv at 13V
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1-1 6000 22 at15V 1-2 6000-7400 14-17 atl7V . 1-3 40 .25 at 23 V 1-4 700
6-10 at13v 1-5 7000 20 at 15 V 1-6 11000 35 at 13V 1-7 3700 10 at15V
1-8 2600 wO.2604zt038¢ 1-9 4000 20 atl6V at 11 V 1-10 34e0TES2e03D8M12t 12V
1-11 800 10 at 14V at13V 18 WD 2004/ 005406 PCT/ US2003/ 021612 TABLE 2

El ect r ol um nescent Properti eié\%l_gzvi ces Peak Peak| Radi ance, efficiency,
Sanple cd/m@ cd/A 1-12 110 2V at 10V 1-13 450 8 atl1l0V ati10v 1-14
250 9 at 9V 3t 10\Ele¢trobimbesceqDBrapettiesiofl Beviees4V 11 16 1000- 1500 5.5
Peak Peak
Radiance, efficiency,
Sample cd/m?2 cd/A
1-12 110 20
at 12V at 10 vV
1-13 450 8
at10 Vv at10 Vv
1-14 250 . 9
atoVv Coat10Vv
1-15 1500-2000 6.5
at18 vV at 14 Vv
1-16 1000-1500 5.5
at18 Vv at12Vv
EXAMPLE 5

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

1.29 tolualdehyde and 5.8g m-dibenzylamino-toluene were mixed in
3mL. ethanol and 1mL concentrated HCI. The mixture was then gently
refluxed under nitrogen for 2 days. The resulting material was poured into
25mL water and the pH was adjusted to 8 with sodium hydroxide solution

10  (1N). The ethanol solvent was rotovaporated and the aqueous supernatant
was decanted from the greenish organic layer. The organic layer was
triturated with dry ethanol until it became a greenish solid. After
recrystallization from boiling ethanol, the material was rapidly
chromatographed on neutral alumina using methylene chloride eluent to

15  remove colored impurities and aldehyde contaminants. The resulting
white solid was collected and dried in vacuum. Yield 1.0g ~15%.

EXAMPLE 6
This example illustrates the preparation of Compound lI(d) in Figure

20 12.5¢ iso-phthalaldehyde and 59.0g m-diethylamino-toluene were
mixed in 55mL ethanol and 18mL concentrated HCI. The mixture was
then gently refluxed under nitrogen for 60hrs. The resulting material was
poured into 100mL water and the pH was adjusted to 8 with sodium
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at 18V at 12V EXAMPLE 5 This exanple illustrates the preparation of Conpound
I(q) in Figure 5 3. 1.2g tolual dehyde and 5.8g mdi benzyl am no-t ol uene
were m xewoizn04/@so6et hanol and 1 nl concentrated HCl . TReTriszeodrnelonas t hen

gent| )é r ?ny@égﬂnEQ@é?Itidhi (ﬂl\Q?’ﬁﬁb éﬂHfanZ)I d@lg_ént \vaﬁ rdtjmgb@ﬂaﬁj and ¢hie alh \évas -
oured into wat er _.an adj ust ed t. Wi i r oxi de

gol ution 1(?({uf°l'd)s.suﬂ?én%tﬁﬁg\°(8? %gg?gt\éﬁffrqmgﬁ'? 8{%%%763513@&3 Iz§${§p‘tﬁ§éaéueous

super nat antorganic ldgerawas avafshedhwithel @firek niigifled vggtar and dyas tritratedcbr gani ¢

I | e Ialnpidy t i sh lid.

LYer Vs U U B R PI0RTLohith Lond RSB AR 5" S0l ¢

chr omat 8gr dperedalingethenal, the material wasigpialy shrematogrmrhiadsen Bewsa to 15

ol vy CURhiMATBYhg BRI HIGIRIY ElRoROT) RSN Sore A D " <
sol i S dari v u 1. - 0 ) is
ovaml o | [Al4P RV GO N RS arT HEITBRUBNG ceiscnlid Was apleaiedai Adeds, o
12. 59 i so- phtvarLehfietiside28:5g 539%y m di et hyl ami no-tol uene were mxed in

55nL et hanol and 18nli concentr at ecbg& 1Pl EZ m xture was then gently
refl uxed under nitrogen for 60hrs. lting material was poured into

100nL vi@t er and Tlhis gxenvms ilugfrateisdtietpreganation of &inopoursl N2 &@yre05406
PCT/ US2003/921612 hydroxide solution (1 N). The ethanol solvent was
rot ovaporated and the_  aqueous supernatant was decanted fromthe greenish

organi ¢ |ayer. TheOgstipRenytaminpar-beazaldabydeiand(18-39 oegdiethylaminored wat er

and then t ripluginet werenrbieddinyt SpiLhatinobahd I5mit checattrted gicteMheh sol i d.
After recrystallizati,on 5 '

chr omat ogr dpREUEHaR &R g?r];tll’ygqneqaﬁg%%hﬁggﬁéi?rﬁgghgp}e%rﬁ ﬁr :r%lsléi“\@?aque:]? p![ gl Y
renove 16ol ometeriaiuasi powred dmid 25ahldelayetearcbimieapii masta;djué’tbdoto &swith i ng white
o xS 00l L\ 0 AR e B0 oL 7 10
14. Oy di pheaiyd e aguepusestnsraeiaptwas sgcastesifromdhe diiskh pTgaNIC teyPliene wer e
m xed in 157he etdIOlayRR harhadHRRORi 1ODARA. dSliledRBterEndttHeR Was then
gently ref l’tllfizt(uer%lltech1 \(/jvﬁﬁ dnryl/ te{h% %?ugtcﬂ rit ggc%rrﬁé a-l’;gﬁ cro?cssrglj tsloplg. After
20 recrystallization from boiling ethanol, the material was rapidly

chromatographed on neutral alumina using methylene chloride eluent to

remove colored impurities and aldehyde contaminants. The resulting

white solid was collected and dried in vacuum. Yield 9.0g ~31%.

EXAMPLE 8

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

5.0g 3-vinylbenzaldehyde and 11.0g m-diethylamino-toluene were

mixed in 10mL ethanol and 3.4mL concentrated HCl. The mixture was
then gently refluxed under nitrogen for 48hrs. The resulting material was

30 poured into 25mL water and the pH was adjusted to 8 with sodium
hydroxide solution (1N). The ethanol solvent was rotovaporated and the
aqueous supernatant was decanted from the greenish organic layer. The
organic layer was washed with 100mL distilled water and then triturated
with dry ethanol until it became a tan colored solid. After recrystallization

35 from boiling ethanol, the material was rapidly chromatographed on neutral
alumina using methylene chloride eluent to remove colored impurities and
aldehyde contaminants. The resulting white solid was collected and dried
in vacuum. Yield 4.5g ~34%.
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15 material was poured into 25nL water and the pH was adjusted to 8 with
sodi um hydr oxi de solution (1 N). The ethanol solvent was rotovaporated and
t he agueowe 2sup®s4vat ant was decanted from the bl ui sh or gamius2épersi2 The
organi c | ayer was washed with 100nEXdnRlig bed water and then triturated

ith d th I til it t | or ed lid. A . 20.
eorystal [ 2at i R Freaiste GG aR Ao eLoReY Srapoylet e i igpre
chromat ogr aphed on neutral alum na using nethylene chloride eluent to
I q i b . . whi t
ol d uas. col | ect eq0saHBApHRh2alahFae B RaRNbordE Ak g B9e 25 Thi s
exanpl e 5i | | tebekistriphanytohasepiaeallediun, Sagmaiassiumsarpenategdml 3. 5. oy

3-vi nyl benzghgebyder@Ad dirheP@xiRRbAEWAREOMBmeR RIS nitsden ghded in 10n
et hanol and 3. 4nl concent‘&%{ed HCl . The m xture wa t hen, entl% refl uxed
cqaliggte A

under ni t r o§aHXe@ forzfirs. "ReMLRMRSTaiur QARIBYET WABo 25nL
\gﬁtertﬁnd ltditﬂle{@téd/\:taﬁdmﬁaqmafhstleyérms@x&edisdrﬁxWﬁ%mmpoﬂbhutdfon (1N).

e et hanol sgl yen s Jrotavapor at ed and t. ant was
decanted fr'Q) )%(%negpﬁfgnﬂpgh@redgrﬁ]csg@?gf&anﬁﬁayeﬁ%jﬁ#@nfvi@% Qﬁgs washed
with 100 diied ovércnhagaesivmesuifaie befareifitering eud evapbrating tetdrsness.unti | it
becane a t ' sdthiel ' : inhd i0g
et hanol , tﬁgh%g%éem%gllt a\?\éadstﬂ:;[ gﬁl%@{y dceﬁ\&%%{mt ogtkgﬁ?da%ﬁéﬁghti‘?g})pwﬁ rlulﬂi na using
met hyl ene cYiPlerof681~84e- t o renpve colored inpurities and al dehyde

Veld a5y o3 I/“‘Ez%%“%"a%%ﬁ%%é?%‘*%ﬁﬁ“?%“%?‘aéﬁzm- MPLES This
I e . 9Q -. IS

exanpl e il I‘éﬂ?ﬂ'}y}'{’r@g‘o{' et Teshing '5%@'%8 ?ﬂ%é)mi] COCRIHERted "~ o gagq
3, 5- di WsonoHEehzAhdeahixtlere waasAhed -demtlyyéethmrezhunderaiitogén foy 48hrs. The
tetrakistri | ' | agi 2 ' n.  wat er
bnd 40mt ai RRORHEDARIR MBS T oo fabt SRS B AR U e 40T
20hrs. Aft eB witbosadigmthydrodde selwiondf b <Theethanghselventayas was col | ect ed
and the aquepdsaduRId ARPtIRAqREBSUPDErMhthht ¥aldeRahteddSmahe ofipé hyl ene

magnes! um SHPERQOBBIIPNST | THCPIORG RIS VAR STaTRGVED A0 Tedstlfodrhg "
resul t @@ pwatBicind thiealtriratde wittsdiysethaheldurati ¢t idvanach ¢an zeldrdry nnr i n
yield of 2. g&id'. %H)é)r recrystallization from boiling ethanol, the material was rapidly

chromatographed on neutral alumina using methylene chloride eluent to

remove colored impurities and aldehyde contaminants. The resulting

white solid was collected and dried in vacuum. Yield 1.2g ~15%.

25 EXAMPLE 10
This example illustrates the preparation of Compound II(f) in

Figure 5.
3.15g 1,3,5-tribromobenzene, 4.5g 4-formylboronic acid, 0.69g
tetrakistriphenylphosphine palladium, 4.8g potassium carbonate, 60mL
30 water and 60mL dimethoxyethane was combined under nitrogen and
refluxed for 20hrs. After cooling to room temperature the organic layer was
collected and the aqueous layer was extracted 3x with 25mL portions of
methylene chloride. All extracts and organic layer were combined and
dried over magnesium sulfate before filtering and evaporating to dryness.
35 The resultant product trialdehyde was isolated and characterized by nmr in
yield of 3.89 ~95%.
The trialdehyde material 3.8g was combined with 9.8g m-
diethylamino-toluene and mixed in 9mL ethanol and 3mL concentrated
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The trial dehyde material 2.6g was conbined with 8.1 g m

di et hyl am no-tol uene and mxed in 7.5nL ethanol and 2.5nL concentrated 15
HCl . The woxbuwmswas then gently refluxed under nitrogemrCrars2eBhesi2 The
resul ting mhiGl iThle mbdureomsisthenngentBoefluxed andangitroben ot 4&esatiheisted to 8

ot ovapor at ERPUHES tridterdd s Bk 2 THE WSPARL AT Rl S iBsiede: ve
green organBwltfagedlurﬁrhydroxlgamodntlmy(éﬁ\l )whbe wikarad salveht waeni distilled 20
water and t F@Bvéﬁéﬁa%?%ﬁ&itl’{é éﬁ.l US SHPC PQ{an‘t'QH? déc% P&ﬁﬁaﬁm feldifecol ored

sol i d. After recrystallizatio e materl al was
rapi dl y O chBRah @W%@deﬁan R grganic bﬁ}{%ﬁ"\f‘?& wiashes with P0sHedistilast | de el uent

to renove Gek&T A tmltdral%‘éi\mﬂﬁld dﬂi@h@ﬁuﬁmﬁﬁ@éﬂmb&anﬁbﬁ)rwsultlng
15% 25 EXAMPLE

whi t lid t
10 Thi 5 exaftie AlfareenaruBHind iR palinor SHAGh. Hsripbtstial HeeTaPN ki gure 5.
3.15¢g 1, 3, 5ehranmatogrdpetcore nedtralgldmina mj(lhgcun@mylcenachbndé élgent to

tetrakistri I 60nL 30
water and 60E0H SHRRETYASHARY Ji MBeroLRoREh AN R BRUNG o iked tor
20hr s. Wtewmiacaqlldgvaancwlle@tﬁd@m@érladum yacwwnor\(g@lduwgag@% was col | ected
and the aqueous |ayer was extract gexaxipMg i425nL portions of nethyl ene
chloride. Al ex thacts and ?ganl C“Taée—_rWe conbi ned and . dried over
magnesi um sul f at & NEePHABPIE; NYSALeR) the BrepaEinnef WPB”W)‘/@B@&'Q% The

resul tant pBoedsiat the irehctivhyshhenis shooh deflv.and characterized by nnr in
yield of 3.89 -95% The trial dehyde material 3.8g was conbined with 9.89g m
di et hyl am no-tol uene and nmixed in 9nL ethanol and 3nL concentrated 21 WO
2004/ 0083106 PCT/ US2003/ 021612 HC . The mixture was then gently refl uxed
under nitrogen for 48hrs. The resulting material was poured into 25nL

wat er and the pH was adjusted to 8 &t um hydr g i

The et hanol solvent was rotovapora (
decanted fromthe olive 5 green or yrayer. The X
washed wi tBn 100nL di stilled water and then triturated wigfh dry ethanol

until it _dbegane agtfay Holored solid. After recrystalliza{ion from boiling
et hanol , mat e rap1—d-|—y->chr ographed on ral al um na using
met hyl ene hIorlde elu- 0 renpve cofored inpuritijesNgnd al dehyde

cont am nantsy The resulting 10 white sol
vacuum Yield 1.3g -10%

Precursor compound A:
Under an atmosphere of nitrogen, a 40 mL vial was charged with 4-
20 bromobenzaldehyde (3.478 g, 0.0188 mol), carbazole (3.013 g, 0.0179
mol), Pd(OAc), (0.0402 g, 1.79x10™* mol), P(t-Bu); (0.1086 g, 5.37x10™
mol), KoCO3 (7.422 g, 0.0537 mol) and 20 mL o-xylene. The reaction
mixture was heated (100 C) for two days. The resulting mixture was
filtered through a plug of silica using hexane, followed by 25%
25 EtOAc/hexane and finally hexane. Volatiles were evaporated to give a
pale-yellow solid, which was washed with hot MeOH (20 mL) and hexane
(20 mL). The desired product was isolated as a white powder in 29% vyield
(1.406 g).
Compound I(t):
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EXAMPLE 11 This exanple illustrates the preparation of Conpound I(t) in
Figure 3, using the reaction schenme shown below. 15 Br NN + O0:b/ "0 "0\
&NEt 2 A EO2M4Bo0sH6ecur sor conpound A: Under an at nosph@ce/uskoosioereazen, a

40 gL V: al (Mglgbﬁdéﬁdnmmbsﬂhelré%fbﬁﬁﬁg&ﬁ( RZ50 de;hmg@e héclé?lgsmiwae 01|8§5 nol ),
car bazol e o
P(t-Bu)3 (0° %@@d&vlﬂsp@wmoni%w% %éo@?’%’g”ﬁ%'b]ﬁbggé‘e&%ﬁ "and 20 ni
o- xyl ene. Ttoduidieec@i hmLpil 1t @memobscdreat-Hal (( 100) @)d E@Ht(Rmldayihe The

I ti h :
{05110, TS Rl Sl TPl oL UA08 080 B hexane
evapor atled tecﬁn@erawrg, thezgadutian wae,didtedayit 5dh|-\hh@ mmuswdtihemﬂ MeCH (20
" 2% yi ol o0 “”"’)N oA FheVaBYEs VB8 (oRENEIT BT 2003/ b21612

0

Under an at ﬁ‘b%%f@ff"é“ 8% ihe ngfﬁl’f't S‘G}rﬁ'@%%ﬁ'r ORtQaraph¥ @as charged with
pr ecur sor cgfcpAuﬁm@xéné)Jio(gwegm Zoynmeld). N, N-di et hyl -m tol uidine (2.12
m., 11. 9 mol), conc. HCl (1 nmL) and EtOH (2nL). The resulting mxture

was refluxed for three days. After cooling to roomb5 tenperature, the
solutidiDwas diluted with 25 nlL HEXAM®LEdj2isted the pH to 9 using 50%

NaCH solution. T dth
product s pur ﬁ'sﬁ{?m'%??%ﬁ%r%‘%?“?3@“&%@%%%@@ TR0 o1 g
(26% yi el d) 9, qgnEMﬂEt@QSF pENEShOYN BelowW.ust rat es the preparation of

Compound 11(g) in Figure 5, using the reacti on schenge, shown_ba¥iiavy, NEt2 N
&r) NON3 3 AB NEt2 O

Under an atmosphere of nitrogen, a round bottom flask was

15  charged with a THF (48 mL) solution of tris(4-bromophenyl)amine (4.82 g,
10 mmol) and cooled to —70 C, to which nBulLi (1.6 M in hexane, 20 mL,
32 mmol) was slowly added. After 45 minutes, N,N-dimethylformamide
(5.0 mL) was added and the reaction solution was allowed to slowly warm
up to 5C. After quenching with HCI (12.5 mL conc. HCI in 50 mL H20), the

20 resulting mixture was allowed to stir at room temperature overnight. The
aldehyde precursor A was isolated by extraction with CH»Cl; as a yellow
solid, which can be purified by washing with hexane to give the pure
product in 90% yield (2.97 g). "*C NMR (CD.Cl,): § 125.33, 131.83,
133.45, 152.0, 191.17

25 A mixture of 3.43 g (21 mmol) of N,N-diethyl-m-toluidine , 0.988 g
(3 mmol) above aldehyde precursor A in 5 mL n-propanol and 0.25 mL
methane sulfonic acid were added to round-bottom flask equipped with a
Dean-Stark trap. This mixture was gently refluxed under nitrogen for 72 h.
The product, compound Il(g), was isolated as described in Example 1 to

30 give a 1.80 g (48%) of a off-white powder. "H NMR (CD2Cly): & 6.85(m);
6.55(d), 6.45(m), 6.30(m), 5.30(s), 3.70(s), 3.20(q), 2.00(s), 1.0 (1).
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Under an atnosphere of nitrogen, a round bottom flask was 15 charged with a
THE (48 nlL) solution of tris(4-bronophenyl)amne (4.82 g, 10 nmol) and
cool ed t owo2004m05406 Whi ch nBuLi (1.6 Min hexane, 20 nLPCTABR20030L2)61Nas
slowy added. After 45 m nutes, Np¥aiiPeewdformamde (5.0 nL) was added

and the reaction olutlo d to slow rm u 5C. After
quenching with H |s(ei<§n§) u(lsgﬁiesﬁ_\‘r\%prfeﬁa@@o &%POTWBH% IR EQHE ng
m xt ur e wasSausiogatte tamctivn rschemeoshovwrebplemat ur e overni ght. The al dehyde
precursor A was isolated by extraction with CH2Cl2 as a yellow solid,

whi ch can be_purified_ by washi ng W|th hexane t gi ve the pure product in
90% vyi el d @ N_@JN\/R 2Cl 2 1 33/ 131. 83, @_ _@_
191.17 25 A Wikt uHe B£73 113 21+rm%| '< Wme ar Wi —9@
g (3 mml) above al dehyde precursor A in m. n- propanol and *

net hane sul fonic acid were added to round-bottom flask equi p @
Dean-Stark trap. This mixture was gently refluxed under nitrodef for h.
The product, conpound 11(g), was isolated as descrl bed in Exgmple 1 td 30
give a 1.80 g (48% of a off-white ’%CDZCI 2): 8 6.85(m;
6.55(d), 6.45(n) 6.30(m, 5.30(s),
WO 2004/ 005406 PCT/ US2003/ 021612
preparation of Conmpound 11(h) i i Si ng t he reaction schene shown
below _ o H\ / H\ / + 2 Br NEF2 CO NN Et2N QB D NEt2
5 Et2N Under an, at bottom fl ask equi gped w th
a condenser wWas g Pl (dba) 3 (0. 88YgK 0 96—Tmot)—BHNAP— (0.62 g,
0.99 mmol ), Cs2C&R ¢ 29 nol ), 4-DbronoRegzal dehyde 10 (8.17 g,
0.04 nol), N, N -Di \ 4-p enerHedlamne(S 02 g, 0.019 nol) and

tol uene (100 nm). Xture was heated to 100 C for four days. The
reacti on was cool ed te#oomtenperature, diluted with EtQAc (200nL) and
filtered through a p of silica. Upon evaporation of volatiles the crude
mat eri al® was obt ai ne%zas a dark brown oil, which was purified by

ogen,

Under an atmosphere of nitrogen, a round bottom flask equipped
with a condenser was charged with Pdx(dba); (0.88 g, 0.96 mmol), BINAP
(0.62 g, 0.99 mmol), Cs,CO3 (9.38 g, 0.029 mol), 4-bromobenzaldehyde

10  (8.17 g, 0.04 mol), N,N"-Diphenyl-1,4-phenylenediamine (5.02 g, 0.019
mol) and toluene (100 mL). The mixture was heated to 100 C for four
days. The reaction was cooled to room temperature, diluted with EtOAc
(200mL) and filtered through a pad of silica. Upon evaporation of volatiles
the crude material was obtained as a dark brown oil, which was purified by

15 silica gel chromatography (1/3 EtOAc/hexane) to give aldeyhyde precursor
C as a yellow powder in 51% vyield (4.64 g). Anal. Calcd. for C3H24N205:
C, 82.03; H, 5.16; N, 5.98. Found: C, 79.7; H, 5.40; N, 5.55.

A mixture of 1.63 g (0.01 mol) of N,N-diethyl-m-toluidine , 1.052 g
(0.0022 mol) above aldehyde precursor C in 12 mL n-propanol and 0.05 g

20 methane sulfonic acid were added to round-bottom flask equipped with a
Dean-Stark trap. This mixture was gently refluxed under nitrogen for 48 h.
The product, compound ll(h), was isolated as described in Example 1 and
was purified by extraction from hot hexane to give a 1.03 g (42%) of a
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15 silica gel chromatography (1/3 Et QAc/ hexane) to give al deyhyde precursor
C as a yellow powder in 51 %vyield (4.64 g). Anal. Calcd. for C32H24N202:

C, 82.03;wH,20&/8406N, 5.98. Found: C, 79.7; H, 5.40; N, PETAB2008/0mi6x2 ure of
1.63 g (0.01 nol) of N,N-diethyl-mtoluidine, 1.052 g (0.0022 nol) above
al dehyde pre I P 1 f ) ul fonic
acid were ad e(!.ll&?g Og’gﬁﬁ‘d%ﬁ%o%?ﬁ%ﬁ%ggﬁgg@ego&?? %)2{? gé@g'r%ﬁat rap. This
m xture was gBné502(shb.diHbrandddr 5428spRBOG(0), 4840(s), 1THRE (Hr oduct, compound

11(h), was is t sefibed. d ] was . i, fl.ed by
extraction fr%#h%%cﬁzggﬁ@%%ﬁsg?:\’/éeﬂ%g’ﬁgllg '1}'473%1- EP”%d-ggéi‘/\ébQ'gom 005406
PCT/ US2003/ 0B8N, A@9.| ow powder. 1H NMR (CD2Cl2): 8 7.230 (t),
7.074-6.925(m, 6.609(broad d), 6.502(s), 6.413(broad d), 5.428(s),
3.306(d), 2.140(s), 1.126 (t). Anal. Calcd. for C76H88N6: C, 84.09; H,
8.17; N, 7.74. Found: C,84.19, H 8.37, N, 7.69. 25 WD 2004/ 005406

PCT/ US2003/ 021612 CLAIMS What is clained is: 1. A conposition conprising
a triarylmethane having Fornmula I, 5 shown in Figure 1, wherein: Arl can
be the sane or different at each occurrence and is selected fromaryl and
heteroaryl; Rl is the same or different at each occurrence and is selected
from H, alkyl, heteroal kyl, aryl, heteroaryl, aryl al kyl ene, 10

het er oaryl al kyl ene, CnHaFb, and C6HcFd, or adjacent RL groups can be
joined to formb5- or 6-nmenbered rings; X can be the sane or different at
each occurrence and is selected fromR1, alkenyl, alkynyl, N(Rl)2, OR1,
QCnHaFb, OC6HcFd, CN, COOR1, halide, NO2, and OH, 15 nis an integer from1l
through 12, and a, b, ¢, and d are 0 or an integer, such that atb = 2n + 1,
and ¢ +d =5 wth the proviso that there is at |east one substituent on
an aromatic group selected fromF, CnHaFb, OCnHaFb, C6HcFd, and 20
OC6HcFd. 2. The conposition of Claiml, wherein the triarylmethane is
selected fromFormulae I(f), 1(k), I(m, I(n), and I(p) in Figure 3.
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3. A composition selected fromFornulae 1(i), 1(j), 1(1), I1(o), and I1(Q),
I (r), I(s) and I(t) in Figure 3. 25 4. A conposition having at |east two
triaryl mrewbanev/wssobons, said conposition having Fornul CT0S2e03bepuz e 2,
wherein: Arl is the same or different at each occurrence and is sel ected
from aryl and heteroaryl; Rl is the same or different at each occurrence

and is selected from 30 H, alkyl, @L@MSI kyl, aryl, heteroaryl,
aryl al kyl ene, heteroaryl al kyl ene, - and C6HCFd; R2 is the sane or

di fferent atVhaddhclgimwadignce and is selected from arylene, heteroarylene,

aryl eneal kyl ene,1armcom@bgni@ﬁrddn@m%(ﬂ&Wlméﬁhbhet%i Paﬂnﬁﬂ%‘i,hat when R2

is 35 aryl engal k%/I Ene or, het eroaryl eneal ene, an arylene end is attached
to the tYiaPyPHR{H f%'r@a?r’ﬂ‘g}?,re@i s selected froma single bond and a

mul tival ent groupr! canibe the samegedifiesitlat ieachlodcaRehcd andislsA6c00
2004/ 005406 PCT/ US%EQ%%&PS% @ri ) l(_) or 1, with the proviso that when p is
0, Qis a nmultival ent lﬂ% (?asryaryl ene or heteroarylene. 5. The
conposi tion of CRAiimtlae sameconditfeient atbach odciremeeandicsalectet frongr oup Wi t h
at least (wo point 4 oful hefoBRY aRf!RALRR! GdRyiene ! | PhatT c group, a

i i t1¢ gf’oup ant’ a”’ ne

het er oal | phatic group, an arom , €r0aromat,i c group. 6.

The contidsition of hetaiaardaligiens: fnlafe. seddesde d.rasradiadent &le  groups,
hleL eroial kyl ene growsgpgbt&ﬁmel J6IIRAZ5 RS B- B?Bﬁlﬁ@?iodégéﬁﬁﬁ ooy OUPS: f

al kynyl ene groups,_ a et eroal kynyl ene groups. . copposition o
Claim4 wherein %q@%%p&?%efqr dﬁ%ﬁﬂb@&a#ﬁwbﬁ%ﬁr@ igrsslasted

mul ti pl e-ring arondtano I@?,mlkmxyl,fallsw@i,ﬂ‘i!(ﬂﬁ)gr@%t, iGCCnlgélel?l,ps, single-ring
het ercaromati c gro |, tA! { . } . used-ring aromatic
groups, aryl am neslwg@ﬁgﬁgtsdlgngds(?ﬁ@gggp@ésr%gg %hg conposition of Claim4
wher ei n1®Q i s sel Big aa inteeai from Féraugld21anda) through 111(h) in Figure 4.

9. The conpositign of ddded | ' chedbd & :
substituted phenyl ,_ Dbi phenﬂ%ogg?ngﬁ%gtér’gslﬂcg(}ﬁﬁﬁh%ﬁ?ﬁrf cl)lg].aHQEzgyéonposi tion

of Caim9 whereinArl is selected from substituted phenyl and substituted
bi phenyl havi ng with tieaptovisetietisdretisi ahleas2Ons eLBstitent 619 Bh akdmbtic

heteroalkyl, aryl., JghSeaRHd 8 3 YL BN OCHaFb, CaHeF g, and
20 OCgHcFg.
2. The composition of Claim 1, wherein the triarylmethane is
selected from Formulae I(f), I(k), I(m), I(n), and I(p) in Figure 3.
3. A composition selected from Formulae I(i), 1(j), I(I), I(0), and I(q),
I(r), I(s) and I(t) in Figure 3.
25 4. A composition having at least two triarylmethane carbons, said
composition having Formula Il in Figure 2, wherein:

Arl is the same or different at each occurrence and is selected from
aryl and heteroaryl;

R1 is the same or different at each occurrence and is selected from

30 H, alkyl, heteroalkyl, aryl, heteroaryl, arylalkylene,
heteroarylalkylene, C,HgF},, and CgHcFy;

R2 is the same or different at each occurrence and is selected from
arylene, heteroarylene, arylenealkylene, and
heteroarylenealkylene, with the proviso that when R2 is

35 arylenealkylene or heteroarylenealkylene, an arylene end is
attached to the triarylmethane carbon;

Q is selected from a single bond and a multivalent group;

m is an integer equal to at least 2; and
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het er oaryl al kyl ene, CnHaFb, and C6HcFd, where a, b, c, and d are O or an

I nteger, such that atb = 2n + 1, and ¢c +d =5, and nis an integer. 25
11. The cwopositse of Claim4 wherein Arl is sel ected PcaraS2@iaenis?
substituted phenyl, bi phenyl, and substituted bi phenyl, wherein at |east
on carbon at om i p is Oprat; edtiniiehpravisettieatoahemp i4 B, Qlisex peithakinti on of d ai m

Substi tuted bi phamg Ol BytiS ArvBBEBY hererdfitldrd e pheny!. oyr iyl and
substitut ed bi pybi dyie camspoditien ob i 4 Whergin Q:? sefegiedvifemai n R2 | s

sel ect ed fWBToo%‘#Béﬁ gast;?ﬂntﬁl'ﬁ”é/ést tv%ﬂ?%ﬁrité B ﬁa@ﬁ Qﬁl”lélalec (Br‘nt

pyridyl,_ha one substit from teroa kyI
aryl, he? er%ﬁggtl'c 9%9% & hsteadiph a%@'@r”@a??laépwpéﬂéou@ﬁm, and CBHcFd,
where 35 a,héﬁerogromaﬂcgrcm 0 or an integer, such that a+b = 2n + 1 and c

45

d =5, d t 04/ 005406 PCT/ US2003/ 14. The
(J:rorrposi ti oﬁnof analT?ﬂn%é@'HSg%' R 0 #)%%’WP&F%IB is(%ﬁe?tﬁac% %i/ 3 in Figure
;5. 15, I Ant greups, heiteroddiyiere gaups) slkengylemla Igeraqis,@aﬁerbla:i&gwlgngpr\l,\;le{]gi ﬁ- .

riaryl me n , ;

Arl c)a/m be@?ﬁg’%gjwéﬁéele?@pghgn‘gﬁé_’%gé%k%%%aér)%d and is selected from
aryl ant0 het er oafyITheragompositien ohfisimrd wherein &is seleetedHrame singleence and i s
sel ect ed frrm%]arb#naﬂlb‘@fbupg%@ﬁ@% -Kid arél‘ﬁaﬂlc rR%'éﬂl-r qa_glztr%lti&y' ene,

het er oaryl al Kyl ene arP/ a}’éﬁﬁ ene Eet er oar {lp% ene, 10 and
CBHcFd, or Y5eliR Sty égoa(ggwa %9[%19‘?9 B FOMAC BouRSiber ed
rings; X cdusdikrind @arcmatic groubd, beylamines! siads aad vildemes. and i s sel ected

a1 de, N2, andEoel@heo R bf letis whBBIR 18 S8HR0 om ane o, b, ¢, and
d are Ol%r Farmulaesliéa) thsough ti() indFigure £n + 1, and ¢ + d 5 with the
provi so that wheg XpR dorhgodltidk bhe|aRARe M WheRsn A'?i id Seldfed f%rﬂ)ﬂhenyl,
substituted phenyl, biphenyl, and substituted biphenyi.
10. The composition of Claim 9 wherein Arl is selected from
substituted phenyl and substituted biphenyl having at least one substituent
20 selected from alkyl, heteroalkyl, aryl, heteroaryl, arylalkylene,
heteroarylalkylene, CaHgFp, and CgHgFg, where
a, b, ¢, and d are 0 or an integer, such thata+tb=2n+1,andc+d

=5, and
n is an integer.
25 11. The composition of Claim 4 wherein Ar1 is selected from

phenyl, substituted phenyl, biphenyl, and substituted biphenyl, wherein at
least on carbon atom is replaced with a heteroatom.

12. The composition of Claim 4 wherein R2 is selected from
phenyl, substituted phenyl, biphenyl, substituted biphenyl, pyridyl,

30 substituted pyridyl, bipyridyl, and substituted bipyridyl.

13. The composition of Claim 12 wherein R2 is selected from
substituted phenyl, substituted biphenyl, substituted pyridyl, having at least
one substituent selected from , heteroalkyl, aryl, heteroaryl, arylalkylene,
heteroarylalkylene, ChH4Fp, and CgHgF 4, where

35 a, b, ¢, and d are 0 or an integer, such thata+b=2n + 1, and ¢ + d
=5, and

n is an integer.
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20 16. The electronic device of Caim1l5, wherein Arl is selected from
phenyl, substituted phenyl, biphenyl, and substituted bi phenyl. 17. The
devi ce ofwa@l2a¢amoi@ewherein Arl is selected from substi raras2@ismsh2 and
substituted bi phenyl having at | east one substituent selected from alkyl,
het er oal kyl , aryll4. Hdteecaapgsitiomof Cidity4 salecterbirbwet Roroaulad #(Ay! ene, CnHaFb,

and C6HcFd, {WBB&E 11@m) iR FiSe ddare O or an integer, such that a+b = 2n +
1, and ¢ + (J%:éS ?rgl)n@ FnlﬁllJrseagn i nteger. 18. The device of Caim 15 wherein

Al is selected flPofiplesiPnic deyicsueminprising @t frastpne layervemyrisiegd
substit ut edirlgrahAiiiine WRAVAIVE RAVIREEBIMARA, sRERATA FRIME, repahaced v th a

het er oat,om 19. &_}p device of Caim.15 wherein as ' an sel ected
from pheﬁyl , subsfi P@Fi’@ REMe o 'HéE‘?WIa,t esagBaccHeaee Bneiressiectegyr i dyl
Zubjstitu]E ec&l:I pyri d)élfrorbiamylrérdyhet_em'aiyllsubftijt ]tht ed bi p)t/)ri d%/l . 35 20. Il'he

evice o aim &9 . , C rom substitute enyl ,
substituted bi phﬂé‘ny'%{fﬁés%@1@%‘1‘@%’%&%@&? OREYITeyPaEn @a%ebe‘gﬁag'o@ﬁbst i t uent
sel ected from, hetiralkylkheterealiyl, atybthetemayyl, anlalkgehy) ene,

peT USpbar 021612 i alkgiRfe SHETRyeHE Ko YNGR, CoPite avb = 2n
1, and ¢V + d = 5, a’ﬂlﬂ’96H9Fdn°r|Qﬂ]é@@?t.REQFOUnﬁeCalbbemned tadosinrd-1, wher ei n

at | east one subst ia..u@mbér@damgs's aryl ring selected fromF, CnHaFb,
OCnHaFb, C6HcFd, .,and HCEd e b ,_and d are O or an integer,
such that a+b = 5%343 %ﬁ%ﬂa@ep\p@ﬁ@e&ata‘%ﬂf?‘ho‘?%"ﬂﬁﬁ‘cﬁrﬁ”é’d%ﬁ@eﬂﬁ@z. The
e O, Lafomet ke, syl MR Yo 00RTp OCHERY COgAFoD 7,

: : O% ’+|%ﬁg ang)zd%ﬁdéH "5 anc

i nteger,_ such that a+b = =5 and nis an integer. 15
23. Thel%l ect r on és aBintegerfrom hihiough 1’handin the tri aryl met hane

derivative is schasi@dnid @aOLRhIeLERISUARNOR Eidn 17, BhgW £y 24 An
el ectroni c device g:ogr"prl sing at |east one layer conprising a

with the proviso that when X5Ar? is p-methylphenylene, R1 is not

ethyl.

20 16. The electronic device of Claim 15, wherein Ar! is selected from
phenyl, substituted phenyl, biphenyl, and substituted biphenyl.

17. The device of Claim 16 wherein Ar is selected from
substituted phenyl and substituted biphenyl having at least one substituent
selected from alkyl, heteroalkyl, aryl, heteroaryl, arylalkylene,

25 heteroarylalkylene, ChHgFp, and CgHFq, where

a, b, ¢, and d are 0 or an integer, such thata+tb=2n+1,and c +d

=5, and

nis an integer.

18. The device of Claim 15 wherein Ar! is selected from phenyl,

30 substituted phenyl, biphenyl, and substituted biphenyl, wherein at least one
carbon atom is replaced with a heteroatom.

19. The device of Claim 15 wherein XsAr1 has an Ar! selected
from phenyl, substituted phenyl, biphenyl, substituted biphenyl, pyridyl,
substituted pyridyl, bipyridyl, and substituted bipyridyl.

35 20. The device of Claim 19 wherein Ar1 is selected from
substituted phenyl, substituted biphenyl, substituted pyridyl, having at least
one substituent selected from , heteroalkyl, aryl, heteroaryl, arylalkylene,
heteroarylalkylene, ChHgFp, and CgHGFg, where |
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charge transport conposition having at |east two triaryl nethane carbons,
said conposition having Fornmula Il in Figure 2, wherein: 20 Arl can be the
sanme or dwDfees«ms40at each occurrence and is sel ected fPomERG3/0ared2
heteroaryl; Rl is the same or different at each occurrence and is selected
from H "alkyl, RePefciik§iare@roylan intagarosugh thahaybal Rykehand ¢ + d
het er oaryl al kyI ene,= EnkRfb, and C6HcFd; 25 R2 is the sane or different at
each occurrence and is selected from aryI ene, heteroaryl ene,

aryl eneal kyl ene, "dh@"n 'ﬂ%@@l’oaryl eneal kyl ene, with the proviso that when R2

it s ary L eneal kyl eheThe dbeicerdﬁﬂaghgmsathé?ﬁ%t et 6h¥|398§t|tﬁaﬁt %ﬁ aaa;;gcged
o the tgia roma sjn

mul ti val5renté rgﬁ%%%?‘?ﬁt%g?@ Fh@@ﬁéf Qﬁﬁcﬁ(ﬁ %6'11@%&@ chdis 0 or 1,

with the prgue that when p is 0, Qis a nultival ent group that is

aryl ene or heter Y, ' 4 rein s, sel ected
frgm a 35 hydrocgﬁgoé]eééﬁoﬁé%wo;gagnqﬁ?egg’té{{%%gt‘)gﬁ%s' %"?an @ch,%rﬁ

sel ected from an ic group, a heteroaliphatic group, an aromat i ¢
group, and a hehes gﬁrm@gé}c gr oup 29 WO 2004/ 005406 PCT/ US2003/021612

26. The device o e sel ected from al kyl groups,
heteroglokyl gro%%qlgle@ﬁ%ﬁe\,\%@ 1%1&5@(%‘&@ to@ﬁdﬁgﬁpumlskynyl gr oups,
From ot ol ot ey ig’m?mﬁ"%b’m“'dgghﬁe BPIoEh Bnd OT %b'r@ohﬁsse' eeted
fused-ring arona g? @ga(rﬁ%éfe @P?\éﬁimﬁgﬁ %&bgpag?%ﬁat%rb"'dr 80p€

mul tiple-ring arorrﬁ’tﬁ,cﬁlyi oups, fused-ring aromatic groups, aryl am nes,
silanes and sil ox@)8§ inté§er. The device of Caim 24, wherein Qis selected
from Fqrnul ae ﬁ(i?‘ throu h 111(h) in Figure 4. 10 29. The device of
C ai m 22 wher ei ?§I%‘§T devies R ChEn] S, ,Wherigiys thet tiasdmptiemg |

bi phenyl , aiutivatibs tis BGI%@tbth@hWhulé’@l(aTﬂﬁoQ@Y n(F:fl% ag m 29 wherein Arl
O A T TR O T R N R T
y
aryl al kyl erghargs trﬁz@spoda;pmpaislmhe‘rmnng:at-mﬁbt t\mﬁlaﬁ,ahkbﬁ@bnev\b@ﬂb@né; b, ¢, and
d are 0 or @iy tBkRRRHionHRthd Bém@al ih PiBure 2: wROLiE +
20 Ar1 can be the same or different at each occurrence and is selected
from aryl and heteroaryl;
R1 is the same or different at each occurrence and is selected from
H, alkyl, heteroalkyl, aryl, heteroaryl, arylalkylene,
heteroarylalkylene, CyH4Fp, and CgHcFg;
25 R2 is the same or different at each occurrence and is selected from
arylene, heteroarylene, arylenealkylene, and
heteroarylenealkylene, with the proviso that when R2 is
arylenealkylene or heteroarylenealkylene, an arylene end is
attached to the triarylmethane carbon;
30 Q is selected from a single bond and a multivalent group;
m is an integer equal to at least 2; and
p is O or 1, with the proviso that when p is 0, Q is a multivalent
group that is arylene or heteroarylene.
25. The device of Claim 24 wherein Q is selected from a
35 hydrocarbon group with at least two points of attachment, selected from an

aliphatic group, a heteroaliphatic group, an aromatic group, and a
heteroaromatic group.
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=5, and nis an integer. 31. The device of Caim24 wherein Arl is

sel ected from phenyl, 20 substituted phenyl, biphenyl, and substituted

bi phenyl ,watreosionsoat | east on carbon atomis replaced WCThiSaodimemsnavat om
32. The device of Claim24 wherein R2 is selected fromphenyl, substituted

Bhenyl . Ib| pheny| 265 (st dévideedf Ol whesin @?Lsel%@@@fmwgm@l pyr I?,gy{,m
ri | e device o ai m erein
R s sl ofP I RIEI P et il 7Pt E B! BiRin sl
subst i t ut e@rPyRs,dNd hetargatitynyt gifoepst one  substituent sel ected from
e oarery " w27, HeRIGAGY of CRAHI2 (HORNE @ i<AEHERTUIALIG|Elifg Har0.

and C6 d, where a are or an = 2n +
1, and & + ﬁrOW'GQ@Upén@UH'Hl%r'HE arﬁm@@@rom EFF@ tey peematic A ai m 24,

wher ei n t hegehipsg Singleanag Aet §@m&i foRPs] gukt h§@ a 11(a)
t hr ough Forg e mb ¢ ero % ES ) ﬁdl@ﬁ gsr?r:hgﬂbg%"ggéi m 4,

1 ' he co
wherei n at ﬁ}ég i Qé]@ %f) pgsaary}quglgﬁs ‘T"Wq{‘ ?Hija@‘?%up 36. The
conposi tion of CR&i Mhé, demiver e Qlaigh e agtereined i BbleRdifromFeIretilgsl from

car bazol es, nzotri azol es.37. The 30 WO 2004/ 005406
PCT/ US2003/ ngg%ggu@%ﬂl ﬁ’é‘“ léiﬁeg‘?m 36, whereipn at least one Xis a fused

het er oakbmatic r28gT rdﬂ)’pﬁe FClaim@4duhersin 411 @ sslectad froshehenyl, at | east
one X 15 selistiated pehyi bisReinzale supktorechiprate  and benzotriazoles. S

39. The device o rein at |east one R1)2 is a fused
het er oar omat i ¢ r{”gg regifﬁ'cedg}h&?ff@ ZJeyhereinfir cissaleced figier ei n at | east one

N(Rl )2 |ssubsﬂltatﬂobﬂhéniyband&ubaﬂmtaﬁblph@ﬁ%mb\mg)bﬂ%as?@ﬁb BepsRLentazol es.

1 A ComPSE A SATH By L LR 10, Shou

d?fy?,aé?ﬁﬁ? €at each occurrence
and is el é@t@dawﬂalh}fiﬁa@y@nldgﬂbh@m@%dfld,, wRerés the same or different at

ﬁgfgr 8;‘;;{ r eg?laa%brg d, %n%!ed ﬁ@@@r bhAfleghr, flckMhat 85 &AL KY hng 3 ¥l
5 an

n is an integer.

31. The device of Claim 24 wherein Ar1 is selected from phenyl,

20 substituted phenyl, biphenyl, and substituted biphenyl, wherein at least on
carbon atom is replaced with a heteroatom.

32. The device of Claim 24 wherein R2 is selected from phenyl,
substituted phenyl, biphenyl, substituted biphenyl, pyridyl, substituted
pyridyl, bipyridyl, and substituted bipyridyl.

25 33. The device of Claim 32 wherein R2 is selected from substituted
phenyl, substituted biphenyl, and substituted pyridyl, having at least one
substituent selected from, heteroalkyl, aryl, heteroaryl, arylalkylene,
heteroarylalkylene, ChHgFp, and CgHcF(, where

a, b, ¢, and d are O or an integer, such thata+tb=2n+1,and ¢ + d

30 =5, and

n is an integer.

34. The device of Claim 24, wherein the charge transport
composition is selected from Formula Ii(a) through Formula li(h) in Figure
5.

35 35. The composition of Claim 4, wherein at least one N(R1)2 is a
fused aromatic ring group.

36. The composition of Claim 4, wherein at least one N(R1)o is
selected from carbazoles, benzodiazoles, and benzotriazoles.37. The
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15 nis an integer from1l through 12, and a, b, ¢, and d are integers such
that atb = 2n + 1, and ¢ + d =5, wth the proviso that there is at |east
one substwDremoostw6an aronmatic group selected fromF, @EoHARRIIOLreHAFD,
CoéHcFd, and OC6HcFd. 20 42. The conposition of Caim4l, wherein the

triaryl met hageicef Gigihes6 ashéreiimtieagtbae X i) fubBd Petirobtdhatidrifig gur e 3.
43. A conposition selected fromFornmula Il in Figure 2, wherein:” Qis

sel ected frdM®:si ngl e bond and a nultivalent group; mis an integer from2
t hrough 10; 25 ABB. diwe devicchef Chaim 3, whdréierain¢asttonedX s selevteddia and i s

sel ected fgp n r#’zgﬁcft?é | ' : nme or different at each
occurrence gﬁ%@?élg?’e%e_ r%%ﬁndﬁdﬁ%ﬁﬁg%ﬁloal kyl , fry_l , heteroaryl,
CnHaFb, @nd CoHcP8: ThegevierolGlayni4.ivdierein atlleashong M(rheiis adused sel ect ed
from 30 For Rulcd@arbkidt®riddg@gh 111(h) in Figure 4. 45. The conposition of

Figure 5. 6. Anig) JBEsHiCS BECRYR 1oh WiaTer teast ek (e b ayer compr | si ng
the charge tsel@n_faﬁbﬁr(bmmamamjléé,cberﬁzbdmlﬁw@nﬁfbeﬁk@ﬂri@g?lééi‘s. t PL gughvi‘lg-e i §5a
ahtmemi 11 g afdud compviigh Bpfhdhd i ibeiRand el Bol-orgial
phot odet@ct showg in Figure 1, wherein:
Arl can be the same or different at each occurrence and is selected
from aryl and heteroaryl;
R1 is the same or different at each occurrence and is selected from
H, alkyl, heteroalkyl, aryl, heteroaryl, ChHgFp, and CgHcF(,
15 n is an integer from 1 through 12, and
a, b, ¢, and d are integers such thata+b =2n + 1, and ¢ + d = 5,
with the proviso that there is at least one substituent on an aromatic
group selected from F, ChHgFp, OChH5Fp, CeHGFg, and
OCgHcFg-
20 42. The composition of Claim 41, wherein the triarylmethane is
selected from Formulae I(a) through I(p) in Figure 3.
43. A composition selected from Formula Il in Figure 2, wherein:
Q is selected from a single bond and a multivalent group;
m is an integer from 2 through 10;
25 Ar1 can be the same or different at each occurrence and is selected
from aryl and heteroaryl;
R1 is the same or different at each occurrence and is selected from
H, alkyl, heteroalkyl, aryl, heteroaryl, ChHgFp, and CgHcFg.
44. The composition of Claim 43 wherein Q is selected from
30 Formulae lli(a) through lli(h) in Figure 4.
45. The composition of Claim 43 selected from Formula Ii(a),
Formula li(b), and Formula ll(c) in Figure 5.
46. An electronic device comprising at least one layer comprising
the charge transport composition of any one of Claims 41 through 45.
35 47. An electronic device of Claims 41 through 45, wherein the
device is a light-emitting diode, light-emitting electrochemical cell, or a
photodetector.

t
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