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Lo UERRH A, FAB
MS:524(M*+H),523(M");

'H NMR(300MHz, CDCL,,
22 C ,TMS): 8
=9.02(d,1H,J=5.3Hz),7.94(t,
1H,J=7.8  Hz), 17.87(,
1H,J=7.4Hz),7.82(d,1H,J=8.
0Hz),7.68(t,1H,J=8.0Hz),7.

51(d,1H,J=7.7Hz),7.45(t,1H
,J=7.5Hz),7.41(d,1H,J=8.1H
7),7.21(d,1H,J=7.2Hz),7.15(
t,1H,J=7.4Hz),7.02(t, 1H,J=
7.5Hz),0.27(s,9H).

F Lo Yasa AR FAB
MS:528(M'+H).527(M");

'"H NMR(300MHz, CDCL,,
22 C /TMS): 8
=9.15(d,1H,J=4.3Hz),7.97(
m,2H),7.85(d,1H,J=8.1Hz),
7.75(t,1H,J=8.0Hz),7.55(m,
3H),7.48(m,2H),7.31(m,3H),
7.17(t,2H,J=7.0Hz),7.05(t,1
H,J=7.4Hz).

A\ N—Pt—= CHy

Lo Uvagah K. FAB
MS:542(M'+H),541(M");

'H NMR(300MHz, CDCL,,
22 C ,TMS): &
=9.07(d,1H,J=4.3Hz),7.92(
m,2H),7.82(d,1H,J=7.8Hz),
7.96(t,1H,J=8.0Hz),7.53(d,1
H,J=7.3Hz),7.43(m,4H),7.2
7(d,1H,J=6.4Hz),7.15(t,1H,
J=7.3Hz),7.10(d,2H,J=7.9H
2),7.02(t,1H,J=7.56Hz),2.35(
s,3H).

D A M N FAB
MS:558(M*+H),557(M"):

'"H NMR(300MHz, CDCL,,
29 C ,TMS): s
=9.12(d,1H,J=5.2Hz),7.95(
m,2H),7.83(d,1H,J=7.9Hz),
7.72(t,1H,J=8.0Hz),7.50(m,
3H),7.49(d,2H,J=8.8H2),7.3
0(d,1H,J=6.611z),7.16(t,1H,
J=7.4Hz),7.03(t,2H,J=7.4H
z),6.84(d,2H,J=8.8Hz),3.82(

s,3H)..
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Ly e &H AR, FAB
MS:562(M");'H
NMR(300MHz, CDCL,,
22 C ,TMS): 0
=9.05(d,1H,J=5.1Hz),7.94(t,
1H,J=7.8Hz),7.87(d,1H,J=".
5Hz),7.81(d,1H,J=7.9Hz),7.
71(t,1H,J=8.0Hz),7.52(d,1H
WJ=7.THz),7.46(m,2H),7.45(
d,1H,J=8.5Hz2),7.27(d,1H,J
=4.2Hz),7.23(d,2H,J=8.8Hz)
,7.15(t,1H,J=7.4Hz),7.03(t,
1H,J=7.4Hz)

BOR B O M FAB
MS:546(M*+H),545(M");'H
NMR(300MHz, CDCL,,
22 C ,TMS): &
=9.12(d,1H.,J=5.2Hz),7.97(t,
1H,J=7.9Hz),7.92(d,1H,J=17.
6Hz),7.84(d,1H,J=8.0Hz),7.
74(t,1H,J=8.0Hz),7.56-
7.47(m,5H),7.32(d,1H,J=7.6
Hz),7.17(t,1H,J=7.4Hz),7.0
5(t,1H,J=7.5Hz),6.98(pseud
o-t,2H,J=7.7Hz).

L UEiiatER. FAB
MS:573(M*+H),572(M");

'H NMR(300MHz,d,-DMSO,
22 C ,TMS): 8
=8.98(d,1H,J=4.5Hz),8.48(d
,1H,J=8.0Hz),8.32(t,1H,J=8
.0Hz),8.20(d,1H,J=7.4Hz),8.
14(d,2H,J=8.8Hz),8.11(t,1H
,J=8.0Hz),7.99(d,1H,J=7.8H
2),7.83(t,1H,J=7.5Hz),7.68(
d,1H,J=7.3Hz),7.62(d,1H,J

=7.4Hz),7.58(d,2H,J=8.9Hz)
,7.11(t,1H,J=7.3Hz),7.05(t, 1
H,J=7.3Hz).
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B B W & FAB
MS:534(M"+H),533(M*);

'"H NMR(300MHz,d,-DMSO,
22 C ,TMS): 8
=8.94(d,1H,J=5.1Hz),8.46(d
,1H,J=7.9Hz),8.30(t,1H,J=7
.8Hz),8.17(d,1H,J=7.6Hz),8.
08(t,2H,J=7.9Hz),7.96(d,1H
,J=7.9Hz),7.84(t,1H,J=6.4H
7),7.66(d,1H,J=6.2Hz),7.59(
d,1H,J=7.4H7),7.21(d,1H,J
=4.9Hz),7.10(t,1H,J=7.3Hz)
,7.03(t,1H,J=7.3Hz),6.97-

6.92(m,2H),

goboobooodoobod

F Lo UEaiEifER. FAB
MS:604(M*+H),603(M");

'H NMR(300MHz,d,DMSO,
22 C ,TMS): o
=8.99(d,1H,J=4.8Hz),8.68(d
,1H,J=8.0Hz),8.50(s,1H),8.3
2(t,1H,J=7.7Hz),8.24(s,1H),
8.08-8.05(m,2H),7.84-
7.78(m,2H),7.70(d,1H,J=7.9
Hz),7.61-
7.565(m,3H),7.36(d,1H,J=7.2
Hz),7.26(t,1H,J=7.6Hz),7.1
7-7.01(m,3H)

10

F v AR &, FAB
MS:614(M"+H),613(M");

'H NMR(300MHz,CDCl,,
22 C ,TMS): 0
=8.90(d,1H,J=5.4Hz),7.99(t,
1H,J=7.5Hz),7.90(d,1H,J=8.
0Hz),7.76(d,1H,J=6.2Hz),7.
60-7.57(m,3H),7.40-
7.31(m,4H),7.26(d,1H,J=6.1
Hz),7.03-
6.98(m,2H),2.48(s,3H),0.33(
s,9H).
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Loy UEEam K FAB
MS:618(M*+H),617(M");

'H  NMR(300MHz,  d,-
DMSO, 22 ¢ ,TMS): &
=9.04(d,1H,J=5.0Hz),8.69(d
,1H,J=7.9Hz),8.24(s,1H),8.5
0(s,1H),8.34(t,1H,J=7.7Hz),
8.24(s,1H),8.01(d,2H,J=7.5
Hz),7.84-7.74(m,3H),7.40-
7.30(m,4H),7.30(t,2H,J=7.5
Hz),7.18-
7.06(m,3H),2.40(s,3H)

12

HaC,

CHy

i FAB
MS:632(M'+H),631(M");
'H NMR(300MHz, dg-
DMSO, 22 ¢ ,TMS): o
=9.05(d,1H,J=4.9H2z),8.56(d
,1H,J=8.0Hz),8.34(s,1H),8.2
0(t,1H,J=7.9Hz),8.00(s,1H),
7.85(d,2H,J=8.1Hz),7.76-
7.68(m,2H),7.62(d,1H,J=8.2
Hz),7.31(d,2H,J=8.1Hz),7.2
| 5(d,2H,J=8.0Hz),7.07-
6.97(m,4H),2.39(s,3H),2.28(
s,3H).

13

F L UEKSR K FAB
MS:634(M*+H),633(M");

'H NMR(300MHz, dg-
DMSO, 22 C ,TMS): &
=9.00(d,1H,J=4.9Hz),8.69(d
,1H,J=8.1Hz),8.48(s,1H),8.3
2(t,1H,J=7.9Hz),8.26(s, 1H),
8.08(d,2H,J=8.8Hz),8.06-
7.81(m,2H),7.72(d,1H,J=7.1
Hz),7.35(d,2H,J=7.1H2),7.2
6(t,2H,J=7.6Hz),7.16-
7.04(m,5H),3.84(s,3H)

oooo

goboobooodoobod
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14

WA & M K . FAB
MS:638(M"):

'H  NMR(300OMHz, d,
DMSO, 22 € ,TMS): &
=8.99(broad,1H),8.64(d.1H,
J=7.7Hz),8.47{s,1H),8.31t,
1H,J=7.6Hz).8.21(s,1H),8.0
o(d,2H,J=8.1Hz),7.82-
7.68(m,3H).7.62(d,2H,J=8 .2
Hz),7.38(d.2H,J=7.2Hz) 7.2
86,20 J=7.3Hz),7.18(t,1H,J
=7.0Hz),7.08-7.03(m,2H),

15

iR TN FAB
MS:534(M"+H),533(M");
'"H NMR{300MHz, d,.-
DMSO, 22 ¢ ,TMS): o
=9.01(d. 1H J=5.0Hz),8.46{d
J1H,J=8.2H#).8.35¢t,1H,J=7
9Hz,8.02(d,1H,J=7.6Hz),7.
96(t,1H,J=7.8Hz),7.85(¢,1H,
J=6.4Hz),7.72{(d,1H,J=4.9H
2),7.56(d,1H,J=7 3H=z),7.38(
d,2H,J=7.0H%).7.29(¢.2H J=
7.6Hz),7.17(¢,1H,J=7.3Hz),
7.11(d,1H,J=4.6Hz).

186

WA EE R FAB
MS:548(M*+H),547(M"):;

'H  NMR(300MHz, d.
| DMSOD, 22 € TMS):
=9.03¢d,1H,J=5.2Hz).8.47(d
1H,J=8.2Hz),8.34(t, 1H,J=7
2Hz),8.02(d,1H,J=7.9Hz).7.
96it, 1H,J=7.7Hz).7.86(t, L H,
J=6.3Hz),7.75(d,1H,J=4 9H
7),7.56{d,1H,J=7.6Hz},7.26(
d,2H,J=7.9Hz),7.13(d, 11,J
=4.6Hz),7.11(d,2H,J=7.9Hz)
,2.30(s, 3H).
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ORGANOMETALLIC LIG;HT:EETIT’FI' NG MATE“PTI‘KL

Ee‘latﬂ ed gpphgatmg
" Thie subject application claims the prigrity of United States prowsmnal patent
'apphp;ahop-Np. 60/274,142, filed on Ma.rch 8 2001,

) E[eld of thg Im'gntwn

T‘iis mvantmn relates to light- emmmg materials which are discrete orgs.nometallw
mole\culﬁ in nature, which can be deposited-as a thin layer by vacuum deposition, and
which can act as electrophosphoreseent emittess in high-afficiency and high-brightuess
organic light-emitting devices (OLEDs).

- ickg d { the Invention
L Tang and coworkers first reported of hxgh performance organic l:ght—ermmng

devmes (OLBDS) in 1987 (Tang, C. Wet al, Appl. Prys. Lerr. 51,913 (1987)). Their
mscovery was based on employing a; multilayer structure containing an emitting layer and &
hole tansport layer of a suitable organic substrate. Alg;(q = deprotonated 8- :
hydroxyquinolinyl) was chosen as the emlttmg material and proven to be of high-
performance because (1) it can form miform thin films under 1000 A using vacuum
depesmon, (2) it is a pood charge cairier and (3) it exhibits strong fluorescence. Sifica then,
there has been a flourish of research on OLED.~. and materials used in these dcvxees Indeed,
nearly cvery large chemical company in the ‘world with optoclectronic interests has,
demonstrated some level of interest in OLEDS Clearly, OLED technology is hcadmg
dlrectly and rapidly into the marketplace, as suggested in a commercial report by Sf.anfurd
Resouzces (by David E. Mentley, “The Maﬂcei Potential fov Organic L1ght-Em1ttmg Diode
D1sp1ay§,” Commercial Report, available at http Jwarw stanfordresources.com). The
gtiractiveness of OLEDs as it challenges traditional technologies such as cathode ra)' tubes
(CRTs), liquid crystal displays (LCDs) and piasrea displays is based on many fectiires and
advantages, including: . ‘

* Low operating voliage,

Tlun monohthlc stmcture,

R Emlts rather than modulates light,

-1-
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« Good luminous efficiency,

. Full color potential, and

. ngh coptrast and resolution.

OLED is a device built with organic semiconductors from which visible li,giht canbe
emitted upon electrical stimutation. The basic heterostructure of an OLED is descﬁbed in

Figuee 1. ;

'I.'he layers may be formed by evapora:uon, spin-casting or chemical self-assembly
The thicl;.ness ranges from a few monolayers (self-assembled films) to about 1000 to 2000
A Such- devices whose structure is based on the use of laycrs of organic optoclecimmc
material# generally rely on a common mechanism leading to optical emission, 1 amely, the
radiaﬁvé tc.combinatlon of a trapped charge, Undera DC bias, ¢lectrons are m_]ectad from a
cathode (usualiy Ca, Al, Mg-Ag) end holes are ijected from an anode (usually h‘anspatent
indium tin ondc (ITQ)) into the organic matenals, where they travel in the apphed t‘ eld
across the eleotron transporting layer (ETL) ‘and the hole transporting layer (HTL)
respectively uni] they meet, preferzbly on mofecules in the emitting layer, and form a
Juminescent excited statc (Frerkel exciton) which, under certain conditions, expencnccs
radiative decay to give visible light. The electrolumincscent material may be prescnt ina
separate emitting layer between the ETL and the HTL in what is referred as 2 mulu laye:r
heterostructure. In some cases, buffer iayexs and/ar other functional layers are also
mcorporatzd to improve the perfonmance of the device. Ahernatively, those OLEDs in
thch the -electrolunyinescent emitters are the same materials that function eﬂ:her as the ETL
or HTL are referred to as single-layer heterostructures. -

In‘addition to emissive materials ﬂmt are present as the predominant componcnt in
the cha.rge carrier layers (HTL or ETL), othcr efficient Juminescent material(s) may be
present in relatively low concentrations as & dopant in these layers to realize cclor Tuning
and efficiency improvement. Whenever a doparit js present, the predominant matensl in the
charge carrier layer may be referred to as & host. Ideally, materjals that are prescnt ashosts -
and dopant are matched 0 as to have a high level of cnergy transfer from the host to the
dopant, and to yicld ermission with a relatively narrow band centered near Selected spectral
rcglon with high-efficiency and hxgh—bnghmcss

While fluorescent emitters with hxgh luminescence efficiencies have bcéﬁ
cxtcnsw;_ly applied as dopant in OLEDs, phosphorescent emitters have been ncglcc:ted in

this domain. However, the quantum efficiency of an electroflunrescence device {s limited

.
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by the lﬁw theoretical ratio of singlet exciton;('ZS%) compnred to triplet exciton (75%) "1:1p0n '
electron-hole recohbination from electrical c%citation. Iu contrast, when'phospho;;é;ccnt
emitters are employed, the potentially high cncrgy/elec‘zron transfer from (he hosts tothe
phcsphore.‘ment smitters may result in significantly supetior electroluminescent cfficiency
(Baldo, M. - A.; et al. Nature 395, 151 (1 998) and Ma, Y. G- etal. Synth. Met. 94,245
(1998)) Several phosphorescent OLED systems have been fabricated and have in’dg:eeéi'
proven o be of relative hi gh-cfficiency and, hjgh-bnghtness a

It is desirable for OLEDs to be fabncated using materials that provide
clecmphosphnrcsccnt emission correspondmg 10 one of the three primaty colors, fie., red,
green and hlue so that they may e used as & componert layer in full-color display dewces.
It is also desirable that such materials are capable of being deposited as thin films usmg
yacuwmn depositmn techniques, which has be¢n prove to be a common method for Eugh
performance OLED fabrication, so that the thickness of the emitting layer can be prec1sely -
controlled: - ' B

Presenﬂy, the highest efficiencies and brightness have been obtained with grccn
electrophosphnrescem devices (15.4 %0 2% ‘for external quantum efficiency and almost
100% for internal efficiency, 10° Cd/ for maximura fminance) using Ir(_ppy), (ppy =
deprotona.tcd 2-phenylpyridine) as emitter (Adac}n C..etal. Appl Phys. Lett. 7? 9504
(2000)). An OLED emitting saturated xed. 11ght based on the electrophosphorescent dopant
P(OEP) (H,OEP = = octaethylporphiyrin) has also been published and patented (Burmws, P;
etal, U. S. Pat. No. 6,048,630) but the maximum luminance is only around 500 Cd m?
A relevant patent is the use of the cyclometalated platinum(J1) complex PYttpy), (thpy =
deprotonated 2-(2-thicenyl)pyridine) as dopant and PVK (poly(N- vmyl)oarbazole) gs host in
a orange OLED (Lamansky, 8.; ctal WO Pat. No. 00/57676). However, the Pt(ﬂ}
complex used by the inventors was not stable for sublimation or vacuum dcpos1hm1, thus a
spin-casting method was applied, which led to higher driving voltages, quautum efﬁc:ency
of 0.1,1%_ and luminance of 100 Cd / m? were obtal'lled at22 V.

S ma oft ¢ Invention

The present invention i3 directed tonovel organometallic li ght-emlrtmg matermls
which may be used as c]ectropbosphorcscent emitters or dopants in hi gh-performance
OI.EDs Tn particulax, the present invention is directed to the design, synthesis,: ptopmies

anfl applications of a family of phosphcrcsccnt emitters which, when added in cﬂ'ectwc :

4
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. amoums ta smmbic host-material, including e:msswc co

mission in the near-Ted

compouhds and hole transporting compounds tune the color of _
ore, the thermel stability

ge and entiance the device efficiency and bnghmcss Furtherm il stability ;
to allow suﬁliﬁiatitm'

mpounds, electron Uansﬁo;ﬁtig -

f these: phosphorescent emitters in the present invention are sufficient

. 50 that they may be readily incorporated into &evlccs using vacuum deposition wchmqucs,

ely Erum vacuum—

. and. henze hxgh ~performance elcctrophosphoresccnt devices prepared entir

deposm:d matenalb may be realized.

The family of electrophosphorescent ¢ ermtters for use in the present inv
with chmmcal

. eqtlon are
acctyhdc (alky‘nyl) complexes of the Group 10 metals including platintim, Wi

stmo‘tl.lrwof eﬂhcr Formula I or Ii: _i ] ,

| i : . H
° H x.- !

= wheremE Group 16 elements (mqludmg sulphury M = Group 10 mctal
(mc]ud_mg platinum); R,~R,, are each mdependently selected from the group :
‘cons:stms of hydrogen; halogen; dlky] subsntutcd alkyl; aryi; substituted a.ryl vnth

_substltuents selected from the group consmnng of halogen, lower alkyl and
and acceptor groups. R ¢ can also be selected from (C= C).R.s, where

_recogmzed donor
nis selected from 1 to 10

_(C=C) yepresents a carbon-casbon triple bond (acetylide group),

'smd Rl, is sclccted from alkyl, aryl, subst1t11ted aryl, and tri(alkyl)silyl. Group 16 elements ;

.are also kpown as the Group VIA elemeuts Group 10 elements elso belong te G-:oup '
i B

. VII]B i P
As estabhshed by thermogravunctnc analysns, some of these complexes are
: thcrmally stable up to ~ 400 °C. These complexes are good phosphorescertt € ehmtters and

' gwe su'ong orange to red emissions (A, 550—630 nm) in fluid solutions by photo exmtatmn

L E,m.d;n.QLEDs by electrical stimulation.
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Gcnerally, fhe present invention is dlrected i the syntheses and OLED apphsauons
| of the family of clectrophos;)horesccnt :mltters definad by Fermula T and I Our clauns
‘ inctude the synthetic method for these novel complcxes‘ as well as their use as llght-emntmg
.. matcnal These OLED applications include OLEDs wherein these complexes are »
:-' mc:orporated as compenents either by vacuum depos:tlon, spin-casting or nther deﬂce

*fabricatios methods.

Int.he present invention, the hght-crmtung material for use as an emiftex or dopant in
an OLEDsan comprise one or more metal acetyhde (metal-zlkynyl) groups. In a]tematwe

g | the hght-cnnfhng materjal for use as-an cmitter or dopant in an OLED compnscs une of

' more plahnum—acetyhde (platmum—alkynyl) groups. In one embodiment, the hghi—cmlttmg
' matenal for use as an emitter or dopant in an OLED can comprises a platinum atom

. coordinated by a widentate ligand using one carbon and two nifrogen atoms. In anothcr ‘
. embod'iment the tight-emitting material for use as an emitter or dopant in an OLED
. I‘ comprising a platinum atomn coordinated by atridentaic bgand bearing 8 deprutonated
A phenyt cérbomon and 2,2'-bipyridine. e
In an exemplary embodiment, the hght—amitting material for use as an cmlttsr or

opant in an OLED ¢an have a chemical su-ucmre represented by either Foxmula I er I

Ry Ry N
Rg +2 ,
Pl
[}
Ry !
Ry Ra
R Ry

H '
whcrcm E Group 16 elements (including, sulphur), M = Group 10 mata] (mclud.mg
platmum) Rr-RN are each mdependently salec‘ccd from the proup consisting of hydrngen,
halogen; alkyl substituted alkyl; aryl; substlmtcd aryl, with substituents selemed fmm the
group consxsnng of halogen, lower alkyl and recognized donor and acceptor g;roups R, can
also be seiected from (C=C),Rs, where (C C) represents a carbon-carbon mple bond

P
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(acetylid:e g;roup) n is selected from 1 to 10, aild R, is selected from aikyl, aryl,'su!;jsjéﬁu‘tgd g :
-aryl, and m(alkyl)mlyl !

: I onie embodiment, the Jight-emitting ‘material can be deposited as a thin layer by
sublimation or vacuum deposition. In another embodiment, the light-emitting matcnal can

" be fabricated into OLEDs using spm—coatmg or other methods.

B fD er ion of the igur .' L
Fxgure 1. Genera.l heterostructure of OLEDs. S
j Figurc 2 I'GA ourve of complex 2.

.. TFijpire 3, TGA curve of complex 15. »
: Fi'gt.n—e‘ 4 jlU"U-vis absorption and emission speetra of complex 2 in CH,Cl; at 298 Kg

: Figure 5, UV-vis gbscrption and smission spectra of complex 15 in CH,Cl, at 298 K

Figure 6." The heterostructure of OLEDs in prescnt invention.

Fxgure 1. ‘Electroluminescent spectrum, cm‘rent ~yoltage ([-V) and luminance- voItage(B

. V)curvés and lumineseent efﬁcmncy-current density curve of the device usmg comglex 2 as

j entitter thh adoping level of 2%. . G

. Figure! 8. ‘Electroluminescent spectrum, curfent-voltage {I-V)yand luminance-vo}iégfg ljB-l
V) curves and luminescent efﬁc1cncy-current density curve of the device using c&mﬁlex 2 as '
" emitter with 2 doping level of 4%. o

Figure 9.‘ Electroluminescent spestrm, cu;f;.amwoltage (1-V) and luminance—vohaéé B-
V) curves and luminescent efficiency-current-density curve of the device using cnfhi)lex 3as
emitter: Wl'l,‘h o doping level of 4%. o ' :
Flgura 10. Electroluminescent spectrum, current~voltage. {I-V) and lummance-voltage

B-V) curvcs and luminescent ¢fficiency- current density curve of the device usmg qomplex o

16 as einitter with a doping level of4%.

The present invention is generally dlrccted to syntheses and properties ofa famil)'r $f
organometalhc light-emitting materials and their applications in high-performance. OLEDs
These novel complexes possess several chemical and structural characteristics as fol]c:ws

+ Cyclometalated diimine complaxes of Group 10 metals, including platm\un

.- Neutra] malecules,

L. Squa.re planar coordination envlromnent arovnd metal,

§-



- ispe
' reported ((2) Lai, S. W etal. [rorg. Chem,” 38, 4046 (1999). (b
;;Chem Soc, Daltan Trans, 1645 (1996). (c}Lm S. W etal
L (1999). (@ i, ). W Regenal. Inorg Chepn. 39,3537 (20

' Chem. 36, 6150(1997)) The results df:monstrated that these comp
temperature phosphorescent ernitters both in. sohd st
long-lived emissions ocowring in the range ot' y V.

triplet metal-to-ligand charge tramsfer

24 0000000000000

» Tridentste 11gands defined as (C"N"N) oeoupy thxce of the coordination sﬂ;es, and

. Acetyhclc (alkynyl) group occupies ! the fourth coordination site.
" The type cf [(C"N"N)Pt(ﬂ)] complexes which combine the structural and

cteoscopic characteristics of both diimine and cyclometatated PHII) comnplexes have teen

) Cheung, T. Cosetal J
Organometallics 18;. 3327
00). (¢) Neve, F.j et aL Inorg
lexes are good -room- '
ate and in fluid solution. The rélatively
530800 nm have been assigned to
(’MLCT) or metal-metal-to-ligand charge fransfex

! (MMLCT) excitod states.

embod;ment of the invention, it being understo

"1 agiljustrative sxamples and the invention

with, dlﬂ'erent substituents on the aryl rmgs w]uch

The present invention will now be desc.nbed in detail for specific preferred : {
jod that these erabodiments are mtcnded only

is ,1101‘. to be limited thereto.

'\f
ro-

5""

theses of the ¢ lexes
~ We have synthcsmed a pumber of the tmiematc cyclometalated PH(ID) arylacetyhdes :

*J

Jgg—:? =
Ry—A NPt i Wi

N, ‘ 7
{ Cul, BN, CH:Cly
N F N,
7oy [

=Ry

Complexes 1-14

I
i
!

H

are depicted in either Formula or Il: The

sym:hetlc mcthods are shown in Scheme 1

S, e

I
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H R, :
cul, By, CHaCz f ’
Complexes 15-16°
i
Scthe I

.  The: mdentatc (C"N"N) ligands were, prepared according to Krdhnke's mcﬂwd ‘
5 ‘(KIdhnkc, F. Synrhesxs 1(1976)). The varmus acetylenes were prepared with Sonogashxra s: :
method (Vakahashi, S. et &l. Synthesis 627 (1930)) The Cl-ligated precursors
| [(C"N"N)PtCl] were prepared under Constable's condition (Constable, E. Ciet a} J
" Chem. Soe., Daitan Trans. 2251 (1992) and 443 (1990)). The desired complcxes were
. synthesized by Cu(l)-organic a.rmne-catalyZed reacuons For example, to & mixture of
[(C*N"N)PtCl] (0,33 mmol}, terminal acetylene (1 mumol) and Bi;N (3 mL) in degassed
. CH,Cl, (30mL) solution was added Cul (5 mg) The suspension was stirred for 12 hunder
; amtrogcn atmosphere at room temperanire g and in the absence of light. The rcsulta.q‘t '
: rmxture was rutatory~evaporated to dryncss - The ¢rude product was purified by fla.-.éh

: chromatography (neutral ALQ,, CH Cl, as eluent) and/or recrystallization from

' dxchlommethaneldwﬁm cther. EhamPles are listed in Table 1 but not limited by ;tﬁém:

Coniplex ] Chemical Struchure ;- Charactcrization Data
: araige cysiline powdr, PAB MS: 324 T £ 1D, 523 (4%

'HNMR(zno MHz, CDCl, 22 °C, TMS): &= 902(d IH,J-
. . 53Hz),794 (t, LH, S=T.8 Hz), 78T (3, 1, J=74Hz),782
1 . P My :
1 (d,LH, J=8.0H7), 7.68 (1} /= 8.0 Hz), 7.51(d, iH,J-'I’f _
Hz), 745 &, 111, J= 7.5 H). 741 (¢, 1H, J = 8.1 Hz),?zltd
LB, J=7.2Hz. T15 (L 1M, J= 74Hz), ﬂZ(r,IH,J 135
:-13),021 (s, 9H). : :

urangc crystetline powder. FAB MS: 528 (M’+HJ, 527 (M‘),

7 : 'HINMR (300 MHz, CDCly, 22°C, TMS): 3= 9.15 (4, 1M, J=
’ 43 Hz), 7.97 (m, 240, 785 @ A/ = El}{z),'i'fs(t,ll-l,.f—-
o N 14 } 80Hz),7.55 {m, 3H), 748 n, 2, 731 (m, su).'m (28,
Lo N
B R

JE7.0H), 7.05 {4 H.J= T4 1),
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oranga—red cryclthnc powder. FAD MS: 542 (M* +H), 5 541
(M"); ' NMR (300 MHz, CDCh, 22.°C, TMS): 3 =9.07 @
15, J=4.3 Hz), 7.92 (m. 214). 782 (d, IH, J= 7.8 H2), 768 (&,
—N—"'—L:—@‘C*h tH,J= 8.0 Hz), 753{d, 14, J 7.1 Ha), 743 {m, 4H), 72744,
14,J= 63]—!z).715(f.11l J=T7.3Hp, 1104, 2H,J= 79
He), 7.02 (6 18, J="7.5 1izh 235 (s, 3H). :

Ted crystal.lmc powder. FARMS: 558 (M7 + H), 357 (M"}, ‘1—{

NMRgoo MHz CDCl,, 22 °C, TMS): B=3.12(4, 15, J-=§ 2
Hz), 7. 93 (m, 21, 7.83 (g, 1EL/=7.8 Hz) 7.72.(t, TH, S=8.0
Hz),TSl}(m,BH) 7.49 (4. 23, /= 8.8 Hz), 7.30 (&, 1H,J = 66
Hz),‘!.ll‘i{t, 14,7 = 7.4 Hz), 7.0} {1, 2H,J="74 Nz}, 684(ﬂ
2H, J= 8.8 Hz), 3.82 (5, 31}

w -

.."

orangmed crystalline powder. FAB MS; 562 (M), 'HHMR
(3!]0:1\(?]1 CDCl,, 22 °C, TMS): 5=008 (d, I, /=51 HZ},
1 94'(t, W, J=74 Hz), 7.87 (. L, =7, 5 Hz), 7.81 (d, 1HJs
'"791"11) 771 (t, 1H,J = 8.0 H2), 7.52 (d, 1H, J-T.?I-!z},
7,46i¢m, ZHD), 745 (6, 15,/ =8.5 12}, 7.27 (¢, 1K .r-ltmz),
7.2%. (d 250 J=4.8 Hz), 7.15 (. UL J= = 7.4 He), .63 ('l, 1K J
—74 HJ:)

black-rcd crystah FAE MS: 546 (M™+H), 545 (M') ’HNMR
(BOOMIEZ €DCly, 22°C, 'TMS); §=9.12(d, IF, J= si2 Hz)
797(1, IH,J="7.9 Hz), 7.92 {d, W4, J= 7.6 fz), 7. s4(d 18,7
Ol . =80 Ha), 774 (1. IH. /=80 Ha). 7. 56-7.47 (mm, 5H), 732 (4,
@ 1H,J=1.6H), 717 (. 1H,J~ 74!—1?),705(1,1!1,1‘-7-

Hz] 6 98 (pseudo-L, 214,/ = 7.7 He).

orange crystalhuu gowder. AL MS: 573 {M* + D, 5’]2 (M*)
‘HNM'R (300 MHz, 4,-DMS0, 22 °C, TMS): & = &98@1 1H,J |
—45Hz) 5.08 (d, TH, 7= 8.0 Hz), 8.32 (4 1¥, J=B.0 Ha),
Bzo{d,lI—IJ 7.4 Hz), 814 (&, 21, J= SSHz},S]l(t,lH J
='80Hr.),79‘3(d. 14, /=78 Hz), 7R3 1, 1H, J= 7.5 Ha),
763 {d, 1. J =73 la), 762 {4, tH, J=74 Ha), 75a(d 0, J
—391-17) 7.01{t, 1, J = 7.3 He), 7.05 {8, 1H,J= 731-1z)
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brown srystels. FAB MS: 534 (M~ H). 533(M’},'HNT~{R
{300 MHz, 4-DMS0, 22°C, TMS): § =8.94 (4, 1H, J= 51

Hz),ﬂ46 (@ {H.J="7911z), 830 (t. IH,J="7.8 Hz} Sl’f{d
lH.J-?GHz ), 808 (L 21, S = 7.9 Hz), 7.96{d. 18, J=719
Hz), 7.84 {t, 1H, J = 6.4 H=), 7.66 (@, 1H.J= 62['11),7.59 (d

| 1K, = 7.4 H2), 721 (9, 1H, J= 4.9 H). 700 (- 1B, /= 73
1 t2), 7.03 (4, 1H, 7= 7.3 Hz), 6.97-6.92 (m, 2H).

omgn cryshllme powder. FAB MS: 604 (M” - H), 603 (M*);
1 NMR (300 MHz, 4-DMS0, 72 °C, TMS): §=38 99 Ch mJs|
=4er) 168 (d, L[, J = 8.0 Hz), 8.30 (s I H), BI2(t, m, J o
=7.7Hz), 8.24 (s, 1H). 8.08-5.03 {m, 2H), 7.84-7. 'm(m, 2,
7.70 (d, 18, J=1.9 Hz), 7.61=7.55 (m, 3H), 7.36 (d, LH. J=
7.2 Hz), 726 ¢, LB, J=7.6 11z}, 7.17-7.01 (m, 3H). :

1

Orangc crystalling powdor, FAB MS: 614 (" + H), 613 (M"l
'H NNERﬁQO MHz, CDCl;, 22°C, TME); 5=890 (d. EH,'J--
54D, 799 {1, 1M,/ =75 112), 780 4, IH,J= 8 0'Hz), 7.76
@, T, J= 6.2 Hed, 7.60-7.57 (m. 3H1), 7.40-731 (m, 1H),726
(4, I;H,J— 6.1 f7), 7.03-6.98 (m, 261), 248 (s, 3H),.013 (s,
9&;).5" "

11

i,

unmge crystalline powder. FAB M 618 (M™+H), 617 (M"}

HNMR(SDO Mz, d,-DMSQ, 22 °C, TME): 5= 9.04 (d 1B, 4
- sa Hz), 8.69 (d, IH. /= 7.9 He), 850 {5, 1), 8.34 (L 1H,J

=7 7 Hz), 524 (s, 119, 8.01 (4. 2H, S =75 Ha), 7. 84-7.73 (m,
311), 7.40-7.30 {m, 4H). 7.30 ( 2H, J= 7.5 Hz), 7. 157 es {mm,
3H), 2,40 (5, 3H).

-10-
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red ctysials, FAB MS: 632 (M"+ H), 431 (M), ‘HNM ’

12.

MHz, dDMSC, 32°C, TMS): 5= 9.0 (d, 1H.J-49Hz),
Bﬁﬁ(d, 113, /=8.0 Hz), §.34 (s, 1H). £.20 (1 1H,J-7.5mz]
8,00, 1ED), 7.65 (d, 2H, J = B.1 H2), 7.76-7.68 (m, 2]-[),7.52

1 (d IH,J 8.2 Hz), 731 (d, 2. J+F *§.1 Hz), 7.25 (d, 2H.J=‘

8. Hz), 7.07-6.97 {m. 4H). 2.39 (5, IH), 2.28 {5, 3H)

13

Hy<R

\Wa

orang;c srystalline powder. FAB MS: 634 (M* + ), 633 (M*}
' 'Hm(anﬂm d,-DMSO0, 22 °C, TMS); $=9.00 (d, IH,J
1 = 4.9Hz), 869 (d, 1H, /= 8.1 Hz), 8.48 [5. 1H), 832 EH,J

=1.9'H2), 8.26 (s, LT}), 8.08 {4, 2H, /= 8. 12). 806-7 21 G,
28, 772 (d, THL /=71 M), 735 (8, 2 = 7.1 Ha), !zs (s.
W, =76 He). 7.16-7.04 (m, 5H), 3.84 (5, 3H).

14 -

¢l

brown crystalline powder, FAB MS; 638 M ’HNMR (300 .
M#s, deDMSO. 22 °C, TMS): § = 8.99 (broad, 1H). 3154(61
{H, 7 7.7 Had, 847 (s, 1), 8.31 (1, 1H, S = 76 Ha), 82105
1M, 8,09 (4. 214, /= 8.1 Hz), 7.82-7.68 (m, 3H), 7.62 R
B3 Hz), 738 (4, 2L, J = 7.2 H2), 7.28 (5 2H, T~ 7.3°H3),
7K (e, (H, J = 7.0 Ha), 7.08-7.03 (m, 21). i

15

brum:needles FAD M3: 534 (M7 + H), 333 (M) ‘H.NMR
(300MHz.dﬁDMSO 22 °C, TMS): 3= 2.01 {d, u-l,Jusa
Hz} 2.46 (3, 15, /=82 F2), 835, IH,J= 79[—!2.},302(&,
lH,J"TGH:).?‘)G{'L. 1n,J=7RHz), 7.85(t, 1H, J-64
Hz) 7.72 (3, 14, J= 49 H2), 7.56 (d, 1H,J= 73Hz).'738(d.
ZH, J= ‘?U}Iz)729(1.2",I—76Hz),117(:,1HJ=-73
Ha), 711 {d, IH./=4.6 Hz).

16

bwwn o ieedios TAB M3 548 {M" +H), 547 o ‘HNMR
(300 MHz, 4,-DMSD, 22 'C, TMSX 5=9,03 (4, u-!,:-:z
Hz},847 (4 11, =821z, 834 (v IH, J=1.2H2) &oz(d
{H, J=7.912), 7.96 (¢ {HL./ = =77 Hz), 786 (t, lu,.ims,a
Hz), 7.73 {d, 1H.J = 4.9 Hz), .56 (4, 1H, /= 7.6 Hz), 7.26 [d,
20, /=79 Hz), 7.13 (4, 1H,J= 4.6 Hz}, 7.11 (4, 23,1-19
Hi), 2.90 {5, 11,

- H.-
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Tai)le I

" Themngh abilif ; of the complexes .
Idcally, alow molecular weight compénﬂnt ta be used in OLEDs should bc-.f

_' ‘ sublimablc and stable st stendard deposition conditions. Importantty, many of the

: complexes mthe present invention are thermally stable up to 400 °C and decomp?se to

: give metalhc plaﬂnum only at texaperature above 420 °C (sce TGA curves for couﬁg‘;l:e)lces 2
and-15 mFlgurcs 2 and 3 respectively). _

| The observed thermal stability of thsse complexes described in the ptesent mvennon
which contain & tridentate cyclometalating h-gand, copirasts sharply with the bidentate
Ptithpy) e;mitte‘r described by Lamasky et al. which are unstable upon subhmatlum

Sggct;r0§gom§ groper’qes of the complexeg :
In prcsent invention, the ligation of an acetylide group to the (C"N'“N)Pt(ﬂ) mo1cty

neutrahzcs the positive charge centersd on Pt(]l), enhances the stability of these cumplexcs,
and moreover, shifts the *MLCT emission bathoohromically, The family of comp]excs
depicted by Formula 1 and II display strong orange to red photoluminescence in ﬂlud
salution. Examples of characteristic absurptlon and emission hand of these emnters in

present iuvention are summarized in Table I

~12-
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. Complex o
S B Absorption - EmISSIOIl
(seo Table.]) . f it
N MLCT Band / nu (2 / ol dmi” emi™) Ay | 110 (1o / pS' %L-—(
1 477 (5490), 450 (sh, 4920), 505 (sh, 430) 570 (0.31; 0.041)
2 434 (5180), 455 (4940); 510 (sh, 470} 582 (0.39; 0.037)
I 440 (5090), 465 (sh, 4950), 515 (sh, {150) 600 (0.17; 0. {919)
. 4 440 (4200), 460 (sh, 4220, 520 (sh, 1570) 630
.5 432 (8670), 455 (sh, 8310}, 515 (sh, 720) 598 (0.53,0.&‘16) ,
6 433 (4880), 453 (sh, 4768), 515 (sh, 640} 585 (0.33; 0,033) .
1 415 (sh,12930), 510 (gh, 340) 560 {0.93; 0.677)
15 436(4970),460 (sh, 4490), 515 (sh, 460) | 615 (1.02; 0.029);650 (sh)
16 442 (5010), 463 (sh, 4800), 520 (sh. 570) | 616 (0.91: 0.025)..660 (sh).

Taihle n
: i E
Not:ce that all the. data were collected with dﬁgasscd CH,Cl, solution at 298 K.,
Excmphﬁsd B.bSOIptlon and emission spcctra for complexes 2 and 15 are shown m Fxgu:«e 4.
ahd § respectively. The intense arange 1o red phosphorescence of the complexes i 111 the
present invention together with their stab1hty towards sublimation mesns that thcse

maten&ls éan be used as emitters or dopants in high-performance OLEDs.

Q:gamc llgm-gmgmg devices
. The devxces using the complexes mprcsent invention, as fabricated by Prdf. S T

Lee of City University of Hong Kong, possess the multi-layer heterostructurs sho%m 1n
Flgl:irg 6. '

: © All the or, gama., layers including the: Pt complexes described above and cathodes
were vacuwn-deposited onto the ITO subh‘a.tc NPB (N,N'-di-1-naphthyl-N; N'-diphenyi—
benmdme) and Alg, (g = B-hydrcxqunolmyl) were Used as the hole transportmg‘ a.nd
elect:on transporting layer, respectively. BCP (2,9-dimethyl-4,7-diphenyl-1, 10- 5
- phenanthmhne, bathocuproine) was used to confine excitons within the lulmnescent zone.
Magnesmn sﬂvcr alloy was applied as the. carhode The selected Pt complex was doped
int6, the conductive host material CBP (4, 4’-N N'-dicarbazole-biphenyl) as phosphorescent
emmer The opnmal doping levels were adjusted at 2, 4 and 6% and e]ectzolummescence

- ﬁ'o;q the Pt t;umplexes were observed.

-13-
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| A number of examples are listed below w further illustrate the invention .

EEEADE_I 2
Complex 2 was used as the emitfer. Ty;pmal glectroluminescent spectrum current-
voltage (- V) and luminance-voltage (B-V) curves and luminescent efﬁclency-cmrent

| density curve of the device witha doping level of 2% are shown in Figure 7. Tum~on
voltage: ~ 5 V; maximum luminance: 9600 Cid / m* at 12 V; maximum ¢fficiency: 4. 2 Cdyf
A at 25 mA /cm®. In the electroluminescent spectrum a peak at 430 nm besides the band ‘at

560——630 nm js observed, indicating msufﬁcxant energy transfer between the host and the . r

© dopant.

Example 2:
Thc performancc of the device using complex 2 as eritter with a doping le‘)el of 4% '

are shown in Figure 8. Turm-on voltage: ~ 5 V; maximum luminance: 7900 Cd/ m?'at 10

V: maximum efﬁcIency 2.4 Cd/ Aat30 mA/cm’. Althis doping level, energy t‘ansfcr
between thr. host and the dopant is satuxated thus emission from the host is avmdcd

Exarnple 3:
Cnmplex 3-was used as the emitter. The performance of the device with a- dopmg

level of 4% are shown in Figure 9. A bathochromlc electroluminescence is ubserved (Msax
5 80 nm), which is coinciding with the trend of the photoluminescence shown by thesc
complexes in roam-temperature CH,Cl, solutions. Tum-on voltage: ~ 5 'V; maximum

lummmoe. 4000 Cd /m’ at 12 V; maxlmum e;fﬁcwncy 1.4 Cd/Aat20mA/ cm

-E@mﬁm

Complcx 16 was used as the emu‘ter Thc performance of the device with’ a; dOng
level of 4% are shown in Figure 10. The clectrolummesccnce is red with v1bromcelly :
structured emission spectrum (Ay,, 610 nm, 1660 nm). Turn-on voltage: ~5 V; maxnnum
luminance: 3200 Cd / mratl13V; maxunum efficiency: 1.0 Cd/ A at 30 mA / cm

Generally, the organometallic light-emitting materials as depicted in Flg‘LIIBI and i
in present invention are demonstrated to be novel electrophosphorescent emitters. apphcablc '

to Iughe'fﬁcmncy and -brightness crange t6 red light OLEDs.

S14-
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: While it is apparent that the embodhnénts of the invention herein disclosed;a}re well

_ sulted to f\ﬂﬁll the objectives stated above, 1t w111 be appreciated that numerous
ents may be unplcmented by those skilled in the art and it

modaﬁcatmns and other embodim
such modifications and embodunents that fall .

is in:tendéd'that the appended claims cover a11

' w1thm the true spirit and scope of the present. mnvention.

A number of references have been cztcd and the entire disclosures of which are

; ihqupogat:d 'hc;em by reference,

. '
H
. “
: i
s '
B i
4 i
! !
: H
: sl
* 1
. :
i
. .
A B
. i
H
H .
s !
1 H
{

. 15-
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. What is claimed is: :
1. Alight-emitting meterial for use as an emitler or dopant in an organic’ hght-

emitting device compnising one Or MoIe metal-aceiylide groups coordinated to a metal

9. A light-emitting material for use as an emitter or dopant in an organic light-

emitting diode comprising one or more acetylide groups coordinaicd 1¢ platinum.

1. Alight-emitting material for;il.se as an emitter or dopant in an organic light-
emitting diode comprising a tridentate ligand which is coordinated to platinum using one

carbon and two nitrogen atoms.

4, A light-emitting, material foruse as an emitter or dopant in an orgmligc Lighf—
emitting diode comprising a tridentate ligm;'d which j& eoordinated 1o p]atinum,usir.fg a
diimine group sciccted from 2,2"-bipyridine and substituted 2,2"-bipyridines, and a

deprotonated aromatic group selected from phenyl, aryl and heteroatom-containing aryl.

5 A light-emitting material for use as sn emitter or dopant in an organicjlight—

aﬁif:ﬁng didde having a chemical structure Tepresented by either Formula [ or 1

wherein E = Group 16 elements [iﬁciuding sulphur); M = Group 10 metal
' (including platinum); R—Ry, are each independenily selected from the group : consisting of
hydrogen, halogen; alkyl; substituted alkyl; aryl; substituted aryl, with substituents selected
from the group consisting of halo gen, lower alkyl and recognized donar and acccptor

groups; R, can also be selected from (C=C),Ry;, where (C=C) represents 2 carbon-carbpn

.'l'15.



(34) 0000000000000

tnple bond (acetylide group), nis selected fmm 1to 10, and R s selected from alkyl aryl
substlmied ﬂ.ryl and trialkyl)silyl. ' '

6. The hght—emittmg material i in. accordance with Claims 1,2,3,40r 5 whmh

can be deposned as a thin layer by subhmat:on or vacuum deposition,

7.,  Tho light-emifting material insecordance with Claims 1, 2,3, 4 or § which

can be fabricated into organic light -emiﬁng-diodcs using spin-coating or other methods.

217-
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Figure 1. General heter:ostmcture of OLEDs,
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Figure 3. TGA curve of complex 15,
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Fignre 4. :UV-vis absorption and emission spectra of complex 2 in dichloromethane at

298 K.
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Figure 5. UV-vis absorption and erﬁissionzspectra of complex 15 in dichloromethéne at

298K
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Figure 6. The heterostructure of OLEDs inifpresent invention,
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. Figure 7. Electroluminescent spectrum, 'cﬁz};"ent—vo]tage {I-V) and luminance-voltage (B-
V) curves and luminescent efficiency-current density curve of the device using

complex 2 as emitter with a doping i?vel of 2%.
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Figure 8. EIectrolmmnesaent spectrum, current—voltage (I-V) and lununance-voltagc (B

V) curves and luminescent efﬁclency-current density curve of the device usmg

complex 2 as emitter with a doping level of 4%.
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. Figuré 9. Electroluminescent spectrum, cﬁfﬁ;nt-voltagé (I-V) and luminance-voltage'(B:
V) curves and luminescent efficiency-current density eurve of the dcvﬂ:e usmg .

complex 3 as emitter with a doping level of 4%.
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Figli:e 10. Electroluminescent spectruim, cur{gznt-volta ge (I-V) and 1uminmce—volt§gg .
- (B-V) curves and luminescent efﬁcie::l:cy-current density curve of the dcvice.f;using
complex 16 as emitter with a doping evel of 4%. ;
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Abstract

Dlsclosed herein are novel hght-crmttmg materials of Formula I and II belcw These
new cumplcxcs are synthesized and found to be sufficiently stable to allow subhmahon and
‘vacuum deposition. These new emitters are elcctrophosphorcscent and can be used in
.organic light-emitting devices (OLEDs) for device elements capable of emitting light of
color ranging from orange to red with high-efficiency aud high-bnghtness. '

wherein E = Group 16 elements (including sulphur); M = Group 10 metal’ -
*(including platinum); R,~R,, are each indepeﬁdent]y selected from the group
- consisting of hydrogen; halogen; alkyl; substituted alkyl; aryl; substituted aryl, wﬂh
" substituents selected from the group consisting of halogen, lower alkyl and
recognized donor and acceptor groups. R, ¢an dlso be selected from (C=C)R,;, w}?ére
‘ (C= C) represents a carbon-carbon triple bond‘.'(ajcetylide group), n is selected from 1 to 10,
and R, is selected from alkyl, aryl, substituted aryl, and trialkyl)silyl.
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