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HRMS [M] : 923.56

[3tA o 4] 3}3HE Bi-8¢] A

1,4-Dibromobenzene ™Al 1,5-dibromo—naphthaleneg AF&3}+= A
&)5le] 3}3E Bi-8(27.26g, & 64%)S LUtt.

o
2
o
ol
K
rir

ol
2
2
—
i)
oft
(A
e
i)
o,
o
4>

Elemental Analysis: C, 47.90; H, 3.07; Bi, 49.03

HRMS [M]':852.531

e 5] 3H8HE Bi-99] 34

1,4-Dibromobenzene T4l 2.6-dibromo-naphthaleneS A}&38lE= AL AYstays FAdd 17 L3 AL +
g)ate] 313E Bi-9(25.576g, & 60%)<S AATH.

Elemental Analysis: C, 47.90; H, 3.07; Bi, 49.03

¥
HRMS [M] :852.531

[ 6] 3t3HE Bi-14¢] A

1,4-Dibromobenzene WAl 2, 6-dibromo—anthracenes AF&3l= ZAS ALstas Ao 17 L3 AAHS 3
3o 83E Bi-14(19.86g, & 44%)E AU},

Elemental Analysis: C, 50.57; H, 3.13; Bi, 46.31

HRMS [M]':902.590

e 7] 3H3HE Bi-189] §A

1,4-Dibromobenzene ™Al 3,6-dibromo-9-phenyl-9H-carbazoles Al&3te= ZAS AQstas Ao 13 L3
HA4L Falste] 33E Bi-18(17.628g, F& 5092 AU},

Elemental Analysis: C, 71.10; H, 4.40; Br, 22.52; N, 1.97

'
HRMS [M] :709.51
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[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]
[0133]

[0134]
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[ 8] 3t5HE Bi-209] #A

1,4-Dibromobenzene ™Al 3,6-dibromo-9-(3,4-diethoxy-phenyl)-9-(3,4-dimethyl-phenyl)-9H-f luorene& A&
sl AL AYstae FAd 137 598 RS S8kl SHE Bi-20(20.268g, & 45%)S A,

Elemental Analysis: C, 73.34; H, 5.37; Br, 17.74; 0, 3.55

HRMS [M]":900.78

e 9] 3t¥HE Bi-269 A

1,4-Dibromobenzene ™4l 2,8-dibromo-dibenzothiophenes AF&3lE= AL A Ldtas A 13 A3 A
S F8ste] 335 Bi-26(20.444 g, & 45%)S ATt

Elemental Analysis: C, 47.59; H, 2.88; Bi, 46.00; S, 3.53

¥
HRMS [M] :908.62

[3tAd ) 10] s}3hE Bi-319] A

1,4-Dibromobenzene THAl 4,4'-dibromo-2,5,2',5'-tetramethyl-biphenyl S AF&3l= AL A9
3 Fd3 HAFE 43| 3E Bi-31(20.563g, & 44%)S AAH.

{1

ol
rir
i
o,
£
—

Elemental Analysis: C, 51.40; H, 3.88; Bi, 44.72

HRMS [M]":934.67

3 11] 313HE Bi-389] A

1,4-Dibromobenzene W4l 2,7-dibromospirofluorenes AF&slE AES AQstis AAdd 19 TUd FAHS 5
gkl 313E Bi-38(24.978g, & 46%)S LUt

Elemental Analysis: C, 56.55; H, 3.29; Bi, 40.16HRMS
[M]":1040.76
[&Addl 12] 38 Bi-449] 34

v 2

AT T LU0

1 2 Bi-d4

<@A 1> Diphenyl-[4-(4.4.5,5-tetramethyl-[1.3,2]dioxaborolan-2-v1)-phenyl]-bismuthane®] %A

(4-Bromo—phenyl)-diphenyl-bismuthane (10.38g, 20mmol)S THF 100 méol] <l & ol= tj7|3}lol A -78C=E
WZFsld el Tert-butyllithium (1.7M, 11.8 ml)S 1AIZF E<F HH3F] H7 13k t}S, o2 t7]sle] -78C
A 3AIZE B<F wwkEItE. o] 3 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4.1g)< 1A &=
oF HH3] H7tsk v, ol=2 di7]stell 10413 5<¢F nRkehHA] g0 H s WX sSY.
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[0135]

[0136]

[0137]
[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

[0154]

[0155]

[0156]

[0157]
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WS 34 & SHSE Y oldolAlHolER 33 &3t 3 F9](rotary evaporator)® £v|E AA
sto] Al #F3E(9.1g, & 80%) S AU}

Elemental Analysis: C, 50.73; H, 4.97; B, 1.90; Bi, 36.77; 0, 5.63

HRMS [M]":568.269

<A 2> 3}3tE Bi-44¢] $HA]

71 <a A 1o HAHLS wHEEte] A4S diphenyl-[4-(4,4,5,5-tetramethyl-[1,3,2]-dioxaborolan-2-y1)-
phenyl ]-bismuthane (17g, 30mmol), 1.3-dibromobenzene (3.54g, 15mmol), Pd(PPhs), (0.018g, 5 wh)< Za}~
Aol YAtk Toluene 60 mee} THF 30 meE il K05 6.2¢S S 30 meoll 521 89S Hrbet & 1243
i i IRTA o B R

TLCE wkgo] 24 A

(rotary evaporator)=
90%)E AUt

gelgt & Mg AS ofysla JEolAEHo]E 50 mE 23] &3k, 3A F2v)
S ¥ a=nEagaR AASte HF I3E Bi-44 (12.91g, &

op Mo
o

it p
2

Y

ok

i

Elemental Analysis: C, 52.73; H, 3.58; Bi, 43.69

¥
HRMS [M] :956.680

[StA o] 13] 33HE Bi-479] A

1,3-Dibromobenzene WAl 1,3, 5-tribromo-benzenes Al-&3dh= AL ALstas A 129 L3 FHES F

sslo] 18-S Bi-47(9.40g, & 45%)S AUt

Elemental Analysis: C, 51.74; H, 3.26; Bi, 45.01

HRMS [M]':1392.94

3o 14] 33E Bi-539] A

tlo
2
o
o
o
Kl
s
L
o
2
—
[\)
33
off
e

1,3-Dibromobenzene ™4l 2,4,6-tribromo-5-methyl-pyrimidines A}&3+= A
3 BA4S 3lste] 313E Bi-53(7.608g, & 36%)S AUt

Elemental Analysis: C, 50.30; H, 3.22; Bi, 44.50; N, 1.99

¥
HRMS [M] :1408.94

[3tAd o 15] s}3HE Bi-569 A

1,3-Dibromobenzene TtHAl 1,5-dibromo—naphthalene< A}&3l= A
&)5le] 335 Bi-56(9.042g, & 60%)S AAT}.

o
X
fo
ol
ol
fd
rlr
L
o
2
—
N
1o
offt
e
e
B
ol
o
H

Elemental Analysis: C, 54.99; H, 3.41; Bi, 41.60

HRMS [M]:1004.72

st 4 16] 313HE Bi-682] A
1,3-Dibromobenzene ™Al 2, 6-dibromo—anthracenes AF£3= ZAS ALstas
gkl 313E Bi-68(8.860g, & 56%)S AATh.

X
ox
2
—
Do
o,
oft
e
ok
o
o,
tio
4>

Elemental Analysis: C, 56.93; H, 3.44; Bi, 39.63
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[0158]

[0159]

[0160]

[0161]

[0162]

[0163]

[0164]

[0165]

[0166]

[0167]

[0168]

[0169]

[0170]

[0171]

[0172]

[0173]

[0174]

[0175]

[0176]

[0177]

[0178]

[0179]

[0180]

[0181]
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HRMS [M]:1054.78

Ao 171 33HE Bi-719] $A
1,3-Dibromobenzene T4l 6,12-dibromo-chrysenes AF&3l= S AQstas tdd 129 L3 44 3
sto] 815 Bi-71(9.446g, & 57%)& AUth.

Elemental Analysis: C, 58.70; H, 3.47; Bi, 37.83

'
HRMS [M] :1104.84

[3tAd o 18] sl3hE Bi-749] A

1,3-Dibromobenzene WA Tris—(4-bromo-phenyl)-amines Al&3t= AS AQstas Ao 129 543 34
S FEste] 3% Bi-74(20.0996g, & 60%) S AATH.

Elemental Analysis: C, 71.56; H, 4.72; Bi, 22.23; N, 1.49

HRMS [M]':939.94

s 4 19] 313HE Bi-799] A
1,3-Dibromobenzene W4l 2,7-dibromo-phenanthrenes AFgslE AS AQstns Ao 129 593 3L
s3] &¢E Bi-79(8.07g, & 51%)S ATt

Elemental Analysis: C, 56.93; H, 3.44; Bi, 39.63

HRMS [M]":1054.782

[3tAd o 20] s}3hE Bi-839] A

1,3-Dibromobenzene THAl 3,6-dibromo-9-pyridin-4-yl-9H-carbazoles A&3l= AES ALt Ao 129
9% ARG Faste] S Bi-83(8.40g, & 50%)S LArt.

Elemental Analysis: C, 56.79; H, 3.42; Bi, 37.29; N, 2.50

HRMS [M]:1120.843

A4 21] 313HE Bi-842] A
1,3-Dibromobenzene Tt Al 3,6-dibromo-9-naphthalen-2-yl1-9H-carbazoleg AF&3l= AL AQslis dAdd 12
o} BU3 HAS F3sle] 3¢S Bi-84(6.870g, T 45%)= AAT).

Elemental Analysis: C, 54.29; H, 3.27; Bi, 41.07; N, 1.38

¥
HRMS [M] :1017.72

[3tAd o 22] st3HE Bi-869 3A

1,3-Dibromobenzene T4l 3,6-dibromo-9-(4-bromo-phenyl)-9H-carbazoleS AMZ3lE= ZAS A|9slu: A4
129} U3 BAS 43q35te] 3E Bi-86(10.751g, & 45%) S DAL},

Elemental Analysis: C, 55.50; H, 3.36; Bi, 40.24; N, 0.90
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[0182]

[0183]

[0184]

[0185]

[0186]

[0187]

[0188]

[0189]

[0190]

[0191]

[0192]

[0193]

[0194]

[0195]

[0196]

[0197]

[0198]

[0199]

[0200]

[0201]

[0202]

[0203]

[0204]

[0205]
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HRMS [M]:1558.13

3 4o 23] 313HE Bi-872] €A
1,3-Dibromobenzene ™Al tris-(4-bromo-phenyl)-amineS AF&3lE= AL AL3tays dAdd 129 A3 A
& F3slo] 3}HE Bi-87(10.06g, & 43%)S AU},

Elemental Analysis: C, 55.43; H, 3.49; Bi, 40.18; N, 0.90

HRMS [M]":1560.147

[3tA o 24] st3HE Bi-959] A

1,3-Dibromobenzene W41 2,7-dibromospirofluorenes Al&3l= AS AlQstas A 129 543t A&
F8ate] 313 Bi-95(12.70g, & 71%9)E AUt

Elemental Analysis: C, 61.42; H, 3.55; Bi, 35.04

HRMS [M]':1192.947

e 25] 3H3HE Bi-1019] A

1,3-Dibromobenzene Tt Al 9,10-bis—(2-bromo-vinyl)-anthracenes Al-&3+= AS A L3+
3 38 Fadste] FFE Bi-101(8.301g, F& 50%) S LUT).

vl
o
2
.
Do
©
oft
el

Elemental Analysis: C, 58.60; H, 3.64; Bi, 37.76

'
HRMS [M] :1106.86

[3tAd el 26] st3HE Bi-1029] ¥4

1,3-Dibromobenzene TtHAl 2 5-dibromo thiophenes Al&3}= Z & ALstans TAd 129 L3 A4S 43

slod B E Bi-102(11.24g, & 78%)S AT},

Elemental Analysis: C, 50.01; H, 3.15; Bi, 43.51; S, 3.34

HRMS [M]":960.693

e 27] 3H3HE Bi-1039] A

1,3-Dibromobenzene ™Al 2 5-dibromo ethylenedioxythiopheneg AF&3h= 2SS A
3 B4 F3ste] & Bi-103(9.627g, & 63%)S ATt

S
ol
o
£
fr
¢
o
2
~
[\
©
oft
w©

Elemental Analysis: C, 49.52; H, 3.17; Bi, 41.03; O, 3.14; S, 3.15

'
HRMS [M] :1018.73

[3tAd e 28] st3rE Bi-1079] #A4

1,3-Dibromobenzene 4! 3,9-dibromo-6,12-diphenyl-6,12-dihydro—6,12-diaza—indeno[1,2-b]fluorenee A}-&
= AL AYslus S d 129 U3 AL FEe] FIE Bi-107(8.674g, F& 45%)S AT}

Elemental Analysis: C, 61.69; H, 3.61; Bi, 32.52; N, 2.18
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[0206]

[0207]

[0208]

[0209]

[0210]

[0211]

[0212]

[0213]

[0214]

[0215]

[0216]

[0217]

[0218]
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HRMS [M]:1285.05

[AAe] 1~ 23] =54 #7] EL 2Ake] A%

o FAT B BRAo ded PHOR New FEHAAE @ F ofle] wgel wek %4 §7] L
aAE AL,

WA IT0 (Indium tin oxide)”} 1500A FAE H] gd Fa8 73S 75 2292 AFEHY. S5
Aol EuH olaxzd Ad4FE, ofHE, WEE Fo AR &3 A st A2AZ § UV 0ZONE AlA
7] (Power sonic 405, 3MIEHA)ZE o]FAIZl thg WE o]&3te] A7 7|38 587 AAS AF FH7IZE 7]
+& olF3Islt.

olgA Fuld IT0 ¥4 A= 9ol m-MIDATA (60 nm)/TCTA (80 nm)/ * o] & + 10 % Ir(ppy)s
(300nm)/BCP (10 nm)/Alqs (30 nm)/LiF (1 nm)/Al (200 nm) £ 2 A=3s}o] §7] EL &2AE A Zs+glth.

m-MTDATA, TCTA, Ir(ppy)s, CBP ¥ BCPY] F+x+= sh7]ef Ztt.

T

m-MTDATA TCTA

Ir(ppy)s

[(Blaef 1] =4 §7] EL AAke] A|F}

g YA WG S2E EFRA B wHo ggE il (BPE AR S Alstaie Al 13 Y
¢ A ow A f7) BL 2A2E AlZei

7k 1
A 1~23 9 Hlne] 1A A|Fe zkzhe] =a §7] EL AAle] Ulste] AFUE 10 mA/arol Ao 5 AL,
AFES 2 2w 932 =453, 1 492 37 % 19 JERQTE.

hva
gL
s T2E Te A EL 7= AFag
V) (nm) (cd/A)
AAE 1 Bi-1 6.75 517 41.5
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[0219]

[0220]

[0221]

[0222]

[0223]

[0224]

[0225]

[0226]

[0227]
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2 2 Bi-2 6.77 518 41.4

Ao 3 Bi-5 6.81 517 40.7

2o 4 Bi-9 6.80 515 41.1

Ao 5 Bi-14 6.74 516 42.2

2Ae 6 Bi-18 6.80 517 41.2

A 7 Bi-20 6.87 517 41.3

2Ae 8 Bi-26 6.84 518 40.6

Ao 9 Bi-31 6.81 515 41.1

A A ¢ 10 Bi-38 6.80 517 41.4

AA 9 11 Bi-44 6.85 516 40.4

A Ao 12 Bi-47 6.83 517 41.4

Ao 13 Bi-53 6.83 518 40.6

A A e 14 Bi-56 6.82 516 41.2

AN 15 Bi-68 6.87 5155 41.3

A A e 16 Bi-71 6.88 517 41.5

AN 17 Bi-74 6.89 513 41.3

A A e 18 Bi-84 6.84 516 41.4

A ¢ 19 Bi-86 6.83 517 41.3

A A e 20 Bi-95 6.85 517 41.4

AA 4 21 Bi-101 6.89 518 41.5

A Ao 22 Bi-103 6.88 516 41.3

Ao 23 Bi-107 6.38 517 41.3

Hlale 1 CBP 6.93 516 38.2
371 3 16l dERd bpel o] B oo wE 3 ES S %71 EL 22t WgZo =z AlL83l9S AL =
# CBPE AF&3F 541 f7] EL &2AH(B]e] 1)t vlus] & of 88 ¥ F5dY HolA Bt 53 458 o

BiE 2S¢ &

[HAof 24~41] HA §7] EL 2249 A
b FAE SEES Ao e WeR usk $HAAS 3 F ooty A wat P {7 EL

242 ARs,

WA ITO (Indium tin oxide)”} 1500A F7
AHo] U oAy A4S olAE,
7] (Power sonic 405, IAHA)E o]HAZ] t}& U
+& olF3Isltt.

=
il
o,
ofo
o
ol
)
0%
N
N,
s
o
o1
A
=
=,

= A 9ol CuPe (10 nm)/ TPAC (30 nm)/ & @ o] 3}dtE

BL 242 A3l

o|Z A Fr|E IT0 &
(30 nm)/ LiF (0.2 nm)/Al (150 nm) =S 2 =&t #7]

CuPc, TPAC, Flrpicy &%+ 3a}7]9} #r}.

CuPc TPAC Flrpic
[Blaef 2] f7] EL &x}e] Al#
WG FEA T TAE BEEA B Ol setE diA] (BPE ARSShE Ae Alflstals Al 249 5
& wpgow A f7] BL 248 AL,
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[0228] 7ke 2
[0229] A AJef 24~41 E w3l 2004 AFeE Zh7ke] HA {-7] EL APl tiste] AFEE 10 mA/arol| A 9] FE <L,
AFas 9 ¥F 938 4k, 1 248 s7] 7 29 eI
X
[0230] Mz FAE T5 e EL ¥ =3 AFaEs
) (nm) (cd/A)

A A4 24 Bi-1 7.23 472 5.89
A A e 25 Bi-2 7.11 471 5.89
A A4 26 Bi-5 7.11 471 6.37
A A e 27 Bi-9 7.25 472 6.88
A ¢ 28 Bi-14 7.20 473 6.35
A A e 29 Bi-18 7.24 474 6.45
A Ald 30 Bi-31 7.25 476 6.84
A Aef 31 Bi-38 7.27 476 6.35
Ao 32 Bi-44 7.34 475 6.34
A Ao 33 Bi-47 7.26 475 6.05
A Ao 34 Bi-56 7.22 476 5.99
2 A e 35 Bi-68 7.11 475 6.32
A Ald 36 Bi-71 7.26 475 6.55
A A e 37 Bi-74 7.27 474 6.44
A Al 38 Bi-86 7.28 473 6.52
A A e 49 Bi-95 7.16 473 6.64
A A4 40 Bi-103 7.26 475 6.35
A Ao 41 Bi-107 7.30 474 6.64
Hlaref 2 CBP 7.80 474 5.80

[0231] 7] & 20) ubekd vhsk o], & wel W sgEs A f7) L A BYFoR AEIAS (A
Al 24~41) FA CBPE AHEF B4 §7] BL 2] 2)sh mas] W &% % TEA WelA mr} ¢
S8 4Ee VElE A % 5 Ao
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