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150mmol )& A1A18] H7Felal 24A12F &<t 7FEudkstiek. o] % &wlE fetete] TEA7|AL AAste] sEHE
2(13.29g, & 60%)E LTt

Br

\

1

Elemental Analysis: C, 32.53; H, 2.27; Bi, 47.16; Br, 18.03

HRMS [M]':443.090
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n-BuLi i .
BrOBr _— e — Bi Bi
o0
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1,4-Dibromobenzene (11.75g, 50mmol)S& o}Z th7|3lel THF 200 meoll =<1 % -78C= I3+ t}g, 1.6M n-
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7+ Fot
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AAS T AAAS ] 335 Bi-1(23.00g, & 57.4%)L AT}

Gl

(rotary evaporator)® Eatll

Elemental Analysis: C, 44.90; H, 3.01; Bi, 52.08

+
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1,4-Dibromobenzene™ Al 2 5-dibromo-pyridines Al&3dhi= AL #A|Qdtas Ao 139 5L FAHS 33T

o] 3}3HE Bi-2(20.08g, & 50%)E AU},
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1,4-Dibromobenzene ™4l 2,5-dibromo-pyridines AF&3}il diphenylbismuthan bromide ™4l bis-(4-methoxy-
phenyl)-bismuthan bromideE A}&3l= RS AYstas A 139 543 AAHS FIPstd = Bi-

5(23.089g, & 50%)E AU}

Elemental Analysis: C, 42.92; H, 3.38; Bi, 45.26; N, 1.52; 0, 6.93

+
HRMS [M] : 923.56
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[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

£S5l 10-1376885

oin

[ZAl 4] 312 Bi-89] A
1,4-Dibromobenzene Al 1,5-dibromo-naphthalened A}&3l= A
gslo] 3}E Bi-8(27.26g, & 64%) AAr).

o
N
to
o
ol
k]
rlr
e
ox
2
—
&
oft
e
o
B
ox
o
4

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

+
HRMS [M] :852.531

[3tAdd 5] s}3HE Bi-9¢] §HA]

1,4-Dibromobenzene ™4l 2.6-dibromo-naphthalened Al83le RS AQstais FA4d 17 43 44S &
gate] ke Bi-9(25.576g, & 60%)S AATH.

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

HRMS [M]':852.531

(&4l 6] 3HHE Bi-149] ¥4

1,4-Dibromobenzene ™4l 2,6-dibromo-anthracene2 AM&3dls AL AYstas A 19 I3 HAHS 53

ato] 3}3HE Bi-14(19.86g, & 44%)E At}

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

+
HRMS [M] :902.590

[3Add 7] 3}3HE Bi-189] 34

1,4-Dibromobenzene WAl 3,6-dibromo-9-phenyl-9H-carbazole2 AF&3lE AL ALstae Ao 13 53
HBAS FPste] 3E Bi-18(17.628g, & 50%)S Aict.

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

HRMS [M]':709.51

[ 8] 315HE Bi-209] jHA
1,4-Dibromobenzene WAl 3,6-dibromo-9-(3,4-diethoxy-phenyl)-9-(3,4-dimethyl-phenyl)-9H-fluorened A}-&
st s AlQstaie A4 13 59 A4S a8k $3HE Bi-20(20.268g, & 45%)S AT,

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

+
HRMS [M] :900.78

[3tAdd 9] 3132 Bi-269] 34

1,4-Dibromobenzene THAl 2,8-dibromo-dibenzothiophene< A}&-3}= A
S F8s5te] 335 Bi-26(20.444 g, F& 45%)S AAurh.

o
2
fo
ol
ol
k]
rlr
%
ox,
2
—
B
offt
e
<
B
ol

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

HRMS [M]':908.62
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[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]
[0133]

[0134]

[0135]

[0136]

[0137]
[0138]

[0139]

[0140]

[0141]

SS=S0dl 10-1376885

[&Adel 10] sH3H= Bi-319] A

1,4-Dibromobenzene T4l 4,4'-dibromo-2,5,2',5'-tetramethyl-biphenylS A}g3dlE AL ALstns gAd 1
7 e HA4E T 3= Bi-31(20.563g, & 44%)S LSt
Elemental Analysis: C, 51.40; H, 3.88; Bi, 44.72
+
HRMS [M] :934.67
[3Addl 11] 33= Bi-389 A
1,4-Dibromobenzene T4l 2,7—dibromospirofluorene£ AbgelE AL A9t A9 19 593 34 S ¢

a)ate] 3138 Bi-38(24.978z, F& 46%)S AArt.

Elemental Analysis: C, 56.55; H, 3.29; Bi, 40.16HRMS

M1:1040.76

e 12] B3HE Bi-449] §4

1 2 Bi-4

<¢tA 1> Diphenyl-[4-(4.4.5.5-tetramethyl-[1,3.2]dioxaborolan-2-v1)-phenyl]-bismuthane2] $H4d

(4-Bromo—-phenyl )-diphenyl-bismuthane (10.38g, 20mmol)S THF 100 meol] < F of=L tj7|3slol A -78C =
Wz4atg ek, Tert-butyllithium (1.7M, 11.8 ml)S 1A|ZF &<t HH3E] H7 13l tfe-, of=2 th7]3shel] 78T el
A 3AZF Eob wukEg Y. o] & 2-isopropoxy—4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4.1g)& 1A7+ &
St A3 H7Ee ths, of2 ti7]ske] 10A1ZF 9t wRESAEA o] HEE X sGlt).

HbS T4 & SHTE Y odgolAEHolER 33 FE3 s 3 57| (rotary evaporator)® &ulE A A
3to] A 3E(9.1g, & 80%)S It

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

HRMS [M]":568.269

<1:,_}74] 2> g],sl—‘j Bi 44/] -51—/\4

A7 <dA 1> s WHE 0}04 ?—i% diphenyl-[4-(4,4,5,5-tetramethyl-[1,3,2]-dioxaborolan-2-y1)-
phenyl]-bismuthane (17g, 30mmol), dibromobenzene (3.54g, 15mmol), Pd(PPhs), (0.018g, 5 wh)S Zab~
Ao €}k, Toluene 60 mé<} THF 30 mlE 23l Ko0; 6.2gS 7S 30 mlol] =0 F8&AS H7bsk & 12413
9 7 wdkskiT),
TLCE Whgo] TZ2¥ A
(rotary evaporator)®
90%)E At}.

g F g ojveta ofdolAlHolE 50 m 28] FESAT. Hd FUy
A ARvtEadgs2 FAlste]l A% dFE Bi-44 (12.91g, +F&

o i
o
i
2
)
=
)
oo

Elemental Analysis: C, 52.73; H, 3.58; Bi, 43.69
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[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

[0154]

[0155]

[0156]

[0157]

[0158]

[0159]

[0160]

[0161]

[0162]

[0163]

[0164]

[0165]

SS=S0dl 10-1376885

+
HRMS [M] :956.680

[3t4dd 13] si3tE Bi-479 34

1,3-Dibromobenzene ™Al 1,3,5-tribromo-benzeneS Al&3lE= AL A9
3ysto] 33E Bi-47(9.40g, & 45%)S AU,

ol
Kl
rr
]
oX
£
—
N}
©
offt
1A
rot
o
o
ftlo
X

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

HRMS [M]:1392.94

[SAdd 14] 33HE Bi-53¢] A
1,3-Dibromobenzene Al 2,4,6-tribromo-5-methyl-pyrimidineS A}&3+= A
3 BAS F8ste] 3135 Bi-53(7.608g, F& 36%)S AUch.

o
2
fo,
ob
]
rr
gt
oX,
£
—
[N}
fo
oft
e,

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

+
HRMS [M] :1408.94

[3t4dd 15] s}3tE Bi-569] 34

1,3-Dibromobenzene TtHAl 1,5-dibromo-naphthalenes AF&3te= AL A|Lstales Ao 129F 5L AAHS 4
3sto] 335 Bi-56(9.042g, & 60%) S AU,

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

HRMS [M]':1004.72

[gAdd 16] 313HE Bi-682] A
1,3-Dibromobenzene Al 2,6-dibromo—anthracened A}&3t= A
gPsto] 3= Bi-68(8.860g, & 56%)S AAUL}.

o
2
o
o
ol
f
rr
E?i‘
o,
2
=
[N}
1o,
off
A
o
&
ol
tlo
4

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

+
HRMS [M] :1054.78

[3tAdd 17] 83t Bi-719] 34

1,3-Dibromobenzene W4l 6,12-dibromo-chrysenes Ab&-3h= A& AQetile e 129 54 AAES 3
ato] shetE Bi-71(9.446g, & 57%)% ATt

v

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

HRMS [M]':1104.84

[SAdd] 18] 33HE Bi-748] A
1,3-Dibromobenzene THAl Tris-(4-bromo-phenyl)-amineS AR&3l= AL AQdlas Ao 129 THd3 A
S Fgsto] 39E Bi-74(20.0996g, F+& 60%)S AU}

Elemental Analysis: C, 71.56; H, 4.72; Bi, 22.23; N, 1.49
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[0166]

[0167]

[0168]

[0169]

[0170]

[0171]

[0172]

[0173]

[0174]

[0175]

[0176]

[0177]

[0178]

[0179]

[0180]

[0181]

[0182]

[0183]

[0184]

[0185]

[0186]

[0187]

[0188]

[0189]

SS=S0dl 10-1376885

+
HRMS [M] :939.94

[3tAdd 19] si3tE Bi-799] 34

1,3-Dibromobenzene 4! 2,7-dibromo-phenanthrenes AF&3le= AL A|stis dAd 129 43 3}HS

FPsto] 3}HE Bi-79(8.07g, & 51%)S AU
Elemental Analysis: C, 56.93; H, 3.44; Bi, 39.63

HRMS [M]':1054.782

[gAdd 20] 313HE Bi-83¢] A
3-Dibromobenzene WAl 3,6-dibromo-9-pyridin-4-yl-9H-carbazoleg A}&3l= AL A|Ystis Ao 129
=23 WS F3sto] 39S Bi-83(8.40g, & 50%) S Aict.

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

HRMS [M]':1120.843

[3tAdd 21] si3tE Bi-849 3HA

1,3-Dibromobenzene ™4l 3,6-dibromo-9-naphthalen-2-yl-9H-carbazoleS Al&3lE AS ALstas Ao 12
o} FU3 }HE S3sto] FFE Bi-84(6.870g, & 45%)F LA}

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

HRMS [M]':1017.72

[&Ad el 22] sH3t= Bi-862] A

1,3-Dibromobenzene ™Al 3,6-dibromo-9-(4-bromo—phenyl)-9H-carbazoled Al&3sl= AL A|Ystales A4
129} TU% 94 & Syt 3% Bi-86(10.751g, F& 450)S AUt

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

+
HRMS [M] :1558.13

[3tAdd 23] si3tE Bi-879 A

1,3-Dibromobenzene ™41 tris-(4-bromo-phenyl)-amine< Al&3}= HS AQstaes Ao 129 5L A
S F3ste] 33% Bi-87(10.06g, & 43%)S AAc}.

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

HRMS [M]':1560.147

[&Ad el 24] s+3t= Bi-959] 34

1,3-Dibromobenzene T4l 2,7-dibromospirofluorenes AFE3lE AL AYstu: TAd 129 43 34
F8ste] 33E Bi-95(12.70g, F& 71%)S AAT}.

Elemental Analysis: C, 61.42; H, 3.55; Bi, 35.04
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[0190]

[0191]

[0192]

[0193]

[0194]

[0195]

[0196]

[0197]

[0198]

[0199]

[0200]

[0201]

[0202]

[0203]

[0204]

[0205]

[0206]

[0207]

[0208]

[0209]

[0210]

S=S0dl 10-1376885

HRMS [M]':1192.947

[3tAd el 25] st3HE Bi-1019] ¥4

1,3-Dibromobenzene ™4l 9,10-bis-(2-bromo-vinyl)-anthracene2 AF&3l= AL A|Q5ta= Ao 129 Y
3 AL s8] 33E Bi-101(8.301g, & 50%)S AT}

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

HRMS [M]:1106.86

[l 26] s+3t= Bi-1029] 34

1,3-Dibromobenzene THAl 2,5-dibromo thiophenes AF&3l= AL AQstas FAd 129 A3 FAHS 3
3lo] 3}etE Bi-102(11.24g, & 78%)2 AUv}.

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

+
HRMS [M] :960.693

[3tAd el 27] s}t Bi-1039] 34

1,3-Dibromobenzene ™Al 2, 5-dibromo ethylenedioxythiophenes Al&3li= AL ALstais Ao 129 &Y
3 AL Flste] 335 Bi-103(9.627g, T8 63%)S AUt

Elemental Analysis: C, 49.52; H, 3.17; Bi, 41.03; 0, 3.14; S, 3.15

HRMS [M]':1018.73

[ el 28] s+3t= Bi-1079] A

1,3-Dibromobenzene W4l 3,9-dibromo-6,12-diphenyl-6,12-dihydro-6,12-diaza-indeno[1,2-b]fluorenes A}-&
s RS AQstas $Ad 129 $UF LS Fyste] FE Bi-107(8.674g, & 45%)S LATH

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

+
HRMS [M] :1285.05

WA, IT0 (Indium tin oxide)7} 1500A FA=Z vlu; =¥ g 718S SH 2592 AFHEAY. =HFF
AFo]l BUH olax a2l d3E ofAE, WEE 59 SAZE =53 AFHE st AxAZ $ UV 0ZONE AlA
7] (Power sonic 405, 3AEA)E o]FAIZ thg VS o|&ste] A7 7|3S 583 AR 1E F27|2 7]
S o] &3

olgA4 =vl® IT0 T4 A= Yol m-MIDATA (60 nm)/TCTA (80 nm)/ ¥ el 3FE + 10 % Ir(ppy)s
(300nm)/BCP (10 nm)/Algs (30 nm)/LiF (1 nm)/Al (200 nm) £o2 =3t 7] EL 222 A ZH36FT).
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[0211]

[0212]

[0213]

[0214]

[0215]

[0216]

[0217]

[0218]

SS=S0dl 10-1376885

m-MTDATA, TCTA, Ir(ppy)s, CBP 2 BCPY Fx¥ 3s}7]¢ Zrt}.

T

m-MTDATA TCTA

Ir(ppy)s

g FAA BF TAE EdEA L 2 sigke Uil (BPE ARSShE AS Alfjstas Al 13
o U

Ao 1~23 B oHlate] 1eM AARE Zbzke] A 7] EL Akl tiste] AREE 10 mA/crioll o] et
Aiag 2 93 vas S48k, 1 d3s 8] & 19 dehiig.

F 1
A FRE T At EL 92 AFas
(V) (nm) (cd/A)
A 1 Bi-1 6.75 517 41.5
A Ao 2 Bi-2 6.77 518 41.4
A 3 Bi-5 6.81 517 40.7
A A 4 Bi-9 6.80 515 41.1
A 5 Bi-14 6.74 516 42.2
A A 6 Bi-18 6.80 517 41.2
AN 7 Bi-20 6.87 517 41.3
A A 8 Bi-26 6.84 518 40.6
A 9 Bi-31 6.81 515 41.1
2A1e] 10 Bi-38 6.80 517 41.4
AAd 11 Bi-44 6.85 516 40.4
A Ao 12 Bi-47 6.83 517 41.4
21X 4 13 Bi-53 6.83 518 40.6
A Ao 14 Bi-56 6.82 516 41.2
21X 4 15 Bi-68 6.87 5155 41.3
2 16 Bi-71 6.88 517 41.5
AA 4 17 Bi-74 6.89 513 41.3
2 Ao 18 Bi-84 6.84 516 41.4

|
N
|



[0219]

[0220]

[0221]

[0222]

[0223]

[0224]

[0225]

[0226]

[0227]

[0228]

[0229]

[0230]

SS=S0dl 10-1376885

AA o 19 Bi-86 6.83 517 41.3

A A E 20 Bi-95 6.85 517 41.4

A Ao 21 Bi-101 6.89 518 41.5

A A d 22 Bi-103 6.88 516 41.3

A Ao 23 Bi-107 6.88 517 41.3

Hlale] 1 CBP 6.93 516 38.2
A7) F 1o vERd vlel o], B ubmo)] wE 3etES A §7] EL A w3Eo s ALRdINS AS =
g CBPE AFE-3 =4 f7] EL Ax}(ﬂllaﬂ DeF vud] B w g8 9 FF5AY dHollA B} 4% A5 s U

Bul= As & o o

[HA]o] 24~41] AA §-7] EL &Rk AX

B THE AFEL BYAOR PR PHOE IEE FAYAT ¥ F obdlel el wek 3 £ BL
aAbE AL,

WA IT0 (Indium tin oxide)”7} 1500A FA= wrat 51 g 7RE TR 2292 AFEiY. ST
AHo] By olAZR UFL ofAE, HES 283 AHL stz AXRAZ T UV 0ZONE A4
A

7] (Power sonic 405, SAE|Z)E o]EA]7] thg UVE o] &3le] 7] 7|88 5837 Aty JF SFAV|=E 7]
#HS ol F3T.

olgA #HE 110 9 A= Yo CuPe (10 nm)/ TPAC (30 nm)/ & o] 3L + 7 % Flrpic (30nm)/ Algs
(30 nm)/ LiF (0.2 nm)/Al (150 nm) &+o.2 AH=3}o] §-7] EL A2 A Zs9).

CuPc, TPAC, Flrpice +%+= st7]¢F ).

S ees TR
atss *6’@

CuPc TPAC Flirpic

A estars Ao 249 Y

rr
Py
o

EL &
WS PYA WG BAE BARA B owde) S 9N BPE AHES
# o F4 7] B 24E AR,

AN 6l 24-41 2 Wlate] 2004 AL A7ke) A §7) BL AAol distel BHUE 10 m/arol o] FEAL,
AFas 2 43 938 =AHslay, 1 A9E 317] £ 20 JeEhA L.

rf

x 2
ME ZARE TE A EL ¥4 AFas
(V) (nm) (cd/A)
AA 4 24 Bi-1 7.23 472 5.89
2 A9 25 Bi-2 7.11 471 5.89
A Ao 26 Bi-5 7.11 471 6.37
AA 9 27 Bi-9 7.25 472 6.88
A Ao 28 Bi-14 7.20 473 6.35




[0231]

24 29 Bi-18 7.24 474 6.45

2 A4 30 Bi-31 7.25 476 6.84

24 31 Bi-38 7.27 476 6.35

2 A9 32 Bi-44 7.34 475 6.34

A A4 33 Bi-47 7.26 475 6.05

2 Ao 34 Bi-56 7.22 476 5.99

A A4 35 Bi-68 7.11 475 6.32

2 A9 36 Bi-71 7.26 475 6.55

24 37 Bi-74 7.27 474 6.44

2 A9 38 Bi-86 7.28 473 6.52

24 49 Bi-95 7.16 473 6.64

2 A9 40 Bi-103 7.26 475 6.35

2A 4 41 Bi-107 7.30 474 6.64

Hlao 2 CBP 7.80 474 5.80
7] 3% 20] YERd ubpe} Zo] B o] wE 3EES AN f7] EL 2AFe] w3T o R AMEEIS A
o 24~41) F2 CBPE AH&3F A4 §7] EL 4xb(H|ale] 2)9} waws)] & F 9 TEAY HelA R
&+ des YeEE 3E & 5 Q.

=
=)

J
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