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[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

SIHS3l 10-2013-0136359

i
e

= b/ SE AR F Avh $FBE FAE 10 A 200m 7wk st

A T =EAEA N,N-dicarbazolyl-3,5-benzene(mCP), poly(3,4-
ethylenedioxythiophene) :polystyrenesulfonate (PEDOT:PSS), N, N -di(1l-naphthyl)-N,N" -
diphenylbenzidine(NPD), N,N'-tJd<d-N,N'-t](3-w€#dd)-4,4'-t]o}u] =n]H D (TPD), N,N'-tJ#d<d-N,N'-tJr}
TE-4 4" -dotrenHd, NN N'N'-HEg-p-Ed-4,4'-t]opu]=n]dd, NNNN-eEdd-4,4"'-t]o}n] =
HlEd, Z3(11)1,10,15,20-8l Eted-21H, 230- 299 53} 22 3 (porphyrin) 85heE =4, F4 £=

el WS 3gepne e FWAL L 1-AG-vop-Edolled )N 2R,
NN N-EE (prE)obel, 4, 47, 4'-Ed AN D d)-N-s dopv] | E e s doprlat ge Eejololm
A, N-dlgAbEeE R FeldslEnEs ge AEukE FEAl, FEE TDRAoh, T IgR Aok
e muRAlold FEA, AHUAE opn FEA, JdopnisuA FEA, PHE Afolnst xH ofu

shebeel FA, % EFYdE 58 5 7 %

rc

Ax} 4% E2Z 2 A diphenylphosphine oxide-4-(triphenylsilyl)phenyl (TSPO1), Algs, 2,5-Tlo}d AE #

s
A (PyPySPyPy), HZF 2 g vlo]E]= 3}gE&(PF-6P), Octasubstituted cyclooctatetraene 3F&E(C0Ts)S &
oh;]_

AR .

B oagel fAARgEG doN, A4 FAF, A% FEF, 4T £43F L 4T FYES WIS 99
29 S} o] FRE FRHE WY FOR FYRAY, EE T 438, JolF FH YT I
=gl zow T4 4 Y

AR EA dE B9 53 FFAR, FETHA, dolA MA, f7] Addeld B FF 248 AtS &
g Udn. FAHoRE, FEA IRHE, EAASAPO|=A SRME, EA E2ASAlol= S1EHE,
bis((3,5-difluoro-4-cyanophenyl)pyridine) iridium picolinate(FCNIrpic),  tris(8-hydroxyquinoline)
aluminum(Algy), SPEZA, AGERN, dA, 4, AL, z2d, F8d 9 JFYyazeEd 2 ozt
g 3tE, AEE S e SEuAdd S5E, 1,4-v2 (-mdasE)wAl, 1 4-v2U-mE 2 E) A,
1,4-¥2=4-v -5~ d-2-SAE ) AAl,  1,4-9]2(6-ad-2- A2 )HAl, 2,5-0] 2= (5-t-F-E-2-Hl = S A}
2)rtel e, 1,4-t)sd-1,3-Fefr)el, 1,6-09d-1,3,5-Ax EE] 4, 1,1,4,4-E| Eetod-1, 3-FEfr] <l 2
Aol Ao, §2 FEAS] FE5AA, Febkd A4 gajolwmdg T A tAjol ]
datol o @ M4 ZEjve Aa, SaMEtERAl A, Ak A4 gtERAEE A, HEd A4,
5
=

-1 ’ ’
AR ShebE, 2P A, A9 R e, SAHE 39E & & 7tk

Jo am o mhy

wowe] §7] BL 228 TASE 4 3 AT 3%, 2¥ =29 wE AaYd 2o A8 PEe Fo
suto FYATIAL, 4 FolA AgHE ARE o getel AT & Atk o5 AFe] R e
S89 Awe glom, AR 54 uet Gwsl AuT 5 9o, wE 2 X 5,000me] AN A
4 % an

®owe] B f/1AANGLAE HHBS AF FAW ostel P48 5 domE, ue Jy FHo|
Ak, VE(pin hole)o] A gl #AF rtoz Folshll & & A= o] At
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[0082]

[0083]

[0084]

[0085]

[0086]
[0087]

[0088]

[0089]

[0090]
[0091]

[0092]

[0093]

[0094]
[0095]

[0096]

SIHS31 10-2013-0136359

el we fF7] A G Sete B olE Edtehe o
WS S AR Ay, a2y o dAE A% ZozA old fste] B wHel Revt 94

' '
)}—OE‘O7"/' — [:::[j—o7//

-

1,2-diiodobenzene(19.8g, 0.06mol, sigma aldrich), triisopropyl borate(16.9g, 0.09mol, sigma aldrich),
Zuf Cul(1.14 g, 0.006 mol,sigma aldrich), Sodium hydride(2.2 g, 0.09mol,sigma aldrich)el]l THF 800mlZ
Qi 25CoAl 12412 &<t mpksle] yEA AT, Wb T8 F SHTE ¥ 73 2§ A Al (n-Hexane:

methylene chloride)dlo]l FHAl 1-1& 15.3 g(F& 77%) 573}

52
*

LC/MS: m/z=331[ (M+1)']

(2) Az 1-2: kA 1-2 314

=74 1-1(15.3g, 0.046mol), 1-iodo—2-nitrobenzene(7.5g, 0.03mol, sigma aldrich), Pd(OAc)2 (0.34g,
0.0015mol, sigma aldrich), P(tBu)2Me(0.48g, 0.003mol, sigma aldrich), KOtBu (10.1
aldrich)el t-Butyl alcohol 600mlE Y 25Co|A mutsle] HFSAIAT, WS F8 &

o 7+ A A (n-Hexane: methylene chloride)dlo] F3HA 1-25 8.5g(F& 57%) T538F3It.

0.09 mol,sigma

=

g,
= o~
T =

olN
ol

&3

LC/NS: m/z=325[ (M+1)']

=7+ 1-2(8.5g, 0.026 mol), triphenylphosphine(20.5g, 0.078mol, sigma aldrichol o-dichlorobenzene
340m1E a1 180ColA SFAIA WESAIZATH. wbE T8 F W7} sto] SRSE Wi FE5te] 29 AA(n-

Hexane ' methylene chloride)ste] S3HAl 1-3& 6.8 g(5& 89%) 53} tt.

LC/MS: m/z=293[ (M+1) ]
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[0097]

[0098]
[0099]

[0100]

[0101]

[0102]
[0103]

[0104]

[0105]

[0106]
[0107]

[0108]

[0109]

[0110]

SIHS31 10-2013-0136359

(4) Az 1-4: =7+ 1-4 A

)
Br
SIS
1

1-3

=7+ 1-3(6.8g, 0.023mol), bromobenzene(3.6g, 0.023mol, sigma aldrich), Pd2(dba)3(1.1lg, 0.0012mol,
sigma aldrich), P(t-Bu)3(0.28g, 0.0014mol,sigma aldrich), NatOBu(2.7g, 0.028mol,sigma aldrich)el
Toluene 280mlE ¥iL 80TCoA uytsle] WA AT, W F3 & W7 slo S/HSTE ¥Ya 5319 249 4

Al (n-Hexane: methylene chloride)dle] F3HA] 1-4E5 6.4 g(5& 75%) 531 t).

LC/NS: m/z=368[ (M+1) ]

(5) A F 1-5: F3HA] 1-5 A
O |
S S
* E:“‘" H
0
1-5

Dibenzothiophene(20g, 0.109mol, sigma aldrich), N-Iodosuccinimide(12.1g, 0.054mol ,sigma aldrich)}
Solvent Chloroform/Acetone(3:1)& 800ml =S 23 25TCol|A] uykste] Wk A AT, HES EIES P27 =

ES vk gujgulE Hrlele] =& & A8 AA(n-Hexane)dt] E7HA] 1-58 9g (& 27%) 5535},

LC/NS: m/z=310[ (M+1) ]

(6) AF 1-6: F2HA 1-6 A

@H

=74 1-5(9g, 0.029mol), 1,4-diiodobenzene(9.6g, 0.029mol, sigma aldrich), Z=m] Copper(I11) (0.52g,
0.0029mol, sigma aldrich), Potassium fluoride(1.7g, 0.029mol, sigma aldrich)el]l DMSO 360mlE ¥ i 130T
oA HEEAIFY, W EFES WA & BES dbE SulRyE HUbsle] & % 74 A A (n-Hexane:

methylene chloride)ste] =7HA) 1-6& 7.1g(F& 63%) FE53519tt.

LC/NS: m/z=386[ (M+1)']

S S ()
@“i ’ - N S
O o O
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[0111]

[0112]

[0113]

[0114]

[0115]

[0116]
[0117]

[0118]

[0119]

[0120]
[0121]

[0122]

SIHS31 10-2013-0136359

=74 1-6(7.1g, 0.018mol), =XFA] 1-4(6.4g, 0.018mol), =W Copper(II) (0.33g, 0.0018mol), Potassium
fluoride(1.1g, 0.018mol)el DMSO 280mlE 21 130TCelA ¥HAZ T ¥hE ZIES Yziazl & 25 b
Lo vk Hrlsle] =% & 79 A A (n-Hexane : methylene chloride)ste] 33E 1S 4.6g(5FE 51%)
53kt

H-NMR (200MHz, CDCls): & ppm, 1H(7.50/M, 7.45/M, 7.94/D, 7.33/M, 7.25/M, 8.55/D, 7.59/D, 7.43/M,

7.79/D, 7.98/D, 7.52/M, 8.45/D, 8.41/D, 8.20/D) 2H(7.50/D) 3H(7.58/M) 4H(7.25/D )

LC/NS: m/z=502[ (M+1) ]

Aol 20 3§tE 2 §HAd

(1) Az 2-1: Z7HA] 2-1 34

0 4. 4c
<::f> 0

1-phenyl-1H-benzold]imidazole(21.2g, 0.109mol, sigma aldrich), N-Iodosuccinimide(12.1g, 0.054mol )}
Solvent Chloroform/Acetone(3:1)& 800mlE YL 25TCeollA ykste] wrS Az ¥kS 535S WZA7 &
2& vbs guiskvtE Hrlksle] & & Zhel A (n-Hexane)dle] 74 2-12 9.3g (& 27%) 55315t}

2-1

LC/NS: m/z=320[ (M+1) ]

(2) Az 2-2: =7HA] 2-2 34

10 o . 040

2-1 232

ZZHA] 2-1(9.3g, 0.029mol), 1,4-diiodobenzene(9.6g, 0.029mol), ="} Copper(II) (0.52g, 0.0029mol),

Potassium fluoride(1.7g, 0.029mol)ell DMSO 370mlE YL 130TColA ¥FeAZTH ¥e &S YA 7 &
ES5 vs gujEkntE HUkete] % § Zel AA(n-Hexane: methylene chloride)dte] 7k 2-28 7.1 g(5¢
& 620) TSI

LC/NS: m/z=396[ (M+1)']
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[0123]

[0124]

[0125]

[0126]

[0127]
[0128]

[0129]

[0130]
[0131]

[0132]

[0133]

[0134]
[0135]

SIHS31 10-2013-0136359

(3) Az 2-3: 3}3= 2 A

S o ORT
g0 O —

_ @ )
@“EQ
C)

=74 2-2(7.1g, 0.018mol), =7+A 1-4(6.4g, 0.018 mol), =w] Copper(II) (0.33g, 0.0018mol), Potassium
fluoride(1.1g, 0.018mol)el DMSO 280ml1S 2 130TCelA ¥HAZ T WhE ZIES Yziazl & 55 b
Lo wE Hrlsle] 2% & 79 A A (n-Hexane : methylene chloride)ste] 3E 25 4.6g(FE 50%)
53kt

H-NMR(200MHz, CDCls): & ppm, 1H(7.50/M, 7.29/M, 8.12/D, 7.63/D, 7.90/D, 7.39/M, 8.10/D, 7.59/D,

8.56/D) 2H(7.45/M, 7.22/M, 7.25/D, 7.85/D) 4H(7.50/D, 7.58/M)

LC/MS: m/z= 512[ (M+1) ]

Ao 3: 3tstE 5 A

(1) Alzd 3-1: FIHA] 5-1 §H4

o 3b

triphenylene (24.9g, 0.109mol, sigma aldrich), N-Iodosuccinimide(12.1g, 0.054mol)3} Solvent
Chloroform/Acetone(3:1)= 800mlE Wil 25TColA wykste] WESAIZAT. Wk EFES YA & &5 &

gl v Aolete] 23 & 29 AA(nHexane)do] T4 518 10.3g (48 24%) 533

LC/NS: m/z= 354[ Q1)

(2) Az 3-2: kA 5

i
N
ot

2

=744 5-1(10.3g, 0.029mol), 1,4-diiodobenzene(9.6g, 0.029mol), Z=wl Copper(II) (0.52g, 0.0029mol),
otassium fluoride(1.7g, 0.029mol)ell DMSO 370mlE& YL 130TColA wHeAZTH. & ZFES YA 7 &

S We SwiEE whE dUlele] F& & 7Y A A (n-Hexane: methylene chloride)ste] F7HA 525 7.7 ¢

J

i
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[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

SIHES 10-2013-0136359
(8 62%) =319}, (m/2=430)
LC/NS: m/z= 4300 (M+1)']

(3) Az 3-3: 3}3= 5 A

SWe )
0000

]

ZZHA) 5-2(7.7g, 0.018mol), =XFA] 1-4(6.4g, 0.018mol), =W Copper(II) (0.33g, 0.0018mol), Potassium
fluoride(1.1g, 0.018mol)ell DMSO 280mlS ¥ i 130TColA WHSAIFHTE. wWHe 2352 YA & ES Hks-

COH = = T ==
Lo wkE Hrlsle] 2% & 729 A A (n-Hexane : methylene chloride)ste] 3E 58 4.6g(FE 47%)
S =

H-NMR(200MHz, CDCl3): & ppm, 1H(7.50/M, 7.45/M, 7.63/D, 7.29/M, 7.90/D, 7.39/M, 8.34/D, 8.99/D) 2H
(8.10/D, 8.93/D, 7.88/M, 7.82/M, 7.50/D, 7.58/M) 3H(8.12/D) 4H (7.25/D)

LC/NS: m/z= 546 (M+1) ]

Ao 4: 3t5tE 6 A

(1) AFx 4-1 @ F7HA 6-1 34

?:z
t
8

N-phenyldibenzo[b,d]thiophene-4-amine  (30g, 0.109mol, sigma aldrich), N-Iodosuccinimide(12.1g,
0.054mo1)3} Solvent Chloroform/Acetone(3:1)& 800mlE Eil 25Teol|A nytste] WFSAIFTEH, WHg E3HES
WA = BE vhg & whE HUtete] 5 % 2§ BAl(n-Hexane)dte] SIHA 6-1% 11.6 g (5%
24%) +538H At

LC/NS: m/z= 401[(M+1)']
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[0147]

[0148]
[0149]

[0150]

[0151]

[0152]

[0153]

[0154]

[0155]

[0156]
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(2) Az 4-2: =7+ 6-2 A

ZZFA] 6-1(11.6g, 0.029mol), 1,4-diiodobenzene(9.6g, 0.029mol), Z=wj Copper(II) (0.52g, 0.0029mol),

ssium fluoride(1.7g, 0.02 mol)ol]l DMSO 370mlE @i 130TColA WFSA|ZTH. ¥Fe Z3&E2
S Wb S wrE HUbste] & § 72 A Al(n-Hexane: methylene chloride)dte] 7+ 6-2
6

A

LC/NS: m/z= 4770 O1)']

(3) Alxd 4-3: 352 6 FA

=74 6-2(8.6g, 0.018 ol), =%FA] 1-4(6.4g, 0.018mol), Z=m Copper(II) (0.33g, 0.0018mol), Potassium
fluoride(1.1g, 0.018 ol)ell DMSO 280mlE ¥ i 130TColA] W-SAFTE HHS EES WA F BS W&
SujzF qbE HUiste] &5 & Z2] A (n-Hexane : methylene chloride)ste] 3&E 6& 4.6g(5& 43%) <+
=

H-NMR(200MHz, CDCls): & oppm, 1H(7.45/M, 7.63/D, 7.29/M, 8.12/D, 7.90/D, 7.39/M, 8.10/D, 6.81/M,

6.86/D, 7.27/M, 7.81/D, 8.45/D, 7.52/M, 7.98/D) 2H (7.50/M, 7.50/D, 7.58/M, 7.54/D, 6.69/D, 7.20/M,
6.63/D)

LC/NS: m/z= 593[ (M+1)']

Al 5: #gte 7 A
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[0157]

[0158]
[0159]

[0160]

[0161]

[0162]

[0163]

[0164]

[0165]

[0166]
[0167]

[0168]

[0169]

[0170]
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(1) Az 5-1: =7 7-1 34

o]

benzo[f]1[1,9]phenanthroline (25.1g, 0.109mol, sigma aldrich), N-Iodosuccinimide(12.1g, 0.054mol)=}
Solvent Chloroform/Acetone(3:1)& 800ml S 21 25Col|A] uykste] WA AT, HES EIES P27 =

5 ke gl v HUbste & § 29 GAl(n-Hexane)dte] FIHAl 7-1& 10.3g (& 27%) 753k

LC/MS: m/z= 3560 (M+1) ]

1,4-diiodobenzene(9.6g, 0.029mol), Zv Copper(I11)(0.52g, 0.0029mol),
ium fluoride(1.7g, 0.029mol)e] DMSO 370mlE Y1 130ColA] ¥H&AZTH W EIAES YPziA 7l &

Sujk wkE Hrlete] 2% T 4 AA(n-Hexane: methylene chloride)dte] ZE7H] 7-22 8.6g(5

LC/NS: m/z= 432[ (W+1) ]

(3) A% 5-3: 3l8tE 7 A

ZZHA) 7-2(8.6g, 0.020mol), =XFA] 1-4(6.8g, 0.020mol), =Wl Copper(II) (0.38g, 0.0020mol), Potassium
fluoride(1.2g, 0.020mol)el DMSO 300ml1& 2 130TCelA ¥HAZ T WhE ZIES Yzia7l & 55 b
Lo wkE Hrlsle] 2% & 79 A A (n-Hexane : methylene chloride)ste] 3E 7S 4.6g(5FE 42%)
53kt

H-NMR(200MHz, CDCls): & ppm, 1H(7.50/M, 7.45/M, 7.63/D, 7.29/M, 8.12/D, 7.90/D, 7.39/M, 8.10/D,

7.58/M, 8.83/D, 8.38/D, 8.34/S, 7.73/D, 8.06/D, 7.50/D, 8.45/D, 8.91/S) 2H(7.50/D, 7.58/M) 4H(7.25/D)

LC/NS: m/z=548 [(M+1) ]

Ao 6: 3pstE 12 44
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[0171]

[0172]

[0173]

[0174]

[0175]

[0176]
[0177]

[0178]

[0179]

[0180]
[0181]
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(1) Az 6-1: F7kA] 12-1 34

5-phenyl-5,7a-dihydro-4bH-pyrrolo[3,2-f]1[1,10]phenanthroline (32.4g, 0.109mol, sigma aldrich), N-
Todosuccinimide(12.1g, 0.054mol)¥} Solvent Chloroform/Acetone(3:1)< 800mlE @il 25Co|A nykale] wk
SAFT. REE ERES WAA & B8 ukE &ulg ©F HUbete] & § 729 A Al (n-Hexane)sto] 3t
A 12-1& 10.3g (78 22%) F53H3A .

LC/NS: m/z=423 [(M+1) ]

(2) Alzxd 6-2: FFHA| 12-2 A

RN
7 N N

7 N N

@‘z 2
[

=7+ 12-1(10.3g, 0.024mol), 1,4-diiodobenzene(7.9g, 0.024mol), Z=mu] Copper(I1)(0.43g, 0.0024mol),
otassium fluoride(1.4g, 0.024mol)ell DMSO 400ml-& Wil 130CollA vESAZATH. ¥bS T8-S WA &
2 whe g wE Hrlste] & F Z A Al (n-Hexane: methylene chloride)ste] &£7HA] 12-22 8.6 g
TE 72%) FEIUATE.

o

/\m_{u

LC/NS: m/z=499 [(M+1)']

(3) Az 6-3: 5= 12 A

—

7 N N

=4 122

Z=ZHA) 12-2(8.6g, 0.017mol), =74 1-4(6.8g, 0.017mol), Z=m Copper(II) (0.33g, 0.0017mol), Potassium

fluoride(1.1g, 0.017mol)ell DMSO 300mlS ¥ i 130CeolA wWHSAIFHT. whe E23ES JdZA 7 & %% Ll
Lo = Hrlsle] =% ¥ 2 AA|(n-Hexane : methylene chloride)ste] 3H3HE 128 4.6g(5& 44%)
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[0182]

[0183]
[0184]

[0185]

[0186]
[0187]

[0188]

[0189]

[0190]
[0191]

[0192]
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S,
H-NMR(200MHz, CDCls): & oppm, 1H(7.50/M, 7.45/M, 7.63/D, 7.29/M, 8.12/D, 7.90/D, 7.39/M, 8.10/D,

6.77/M, 5.07/S, 4.07/S, 4.32/S, 7.48/D, 8.51/D, 7.67/D, 6.94/M, 8.53/D, 6.81/M) 2H(7.50/D, 7.59/D,
7.44/D, 7.58/M, 6.60/D, 7.23/\)

LC/NMS: m/z= 6150 (M+1)']

Al 7 3§tE 14 §HA

(1) Az 7-1: FkA] 14-1 A4

0

14-1

pyrido[2,3-f]1[1,7]phenanthroline(25.2g, 0.109mol, sigma aldrich), N-Iodosuccinimide(12.1g, 0.054mol)=}
Solvent Chloroform/Acetone(3:1)& 800mlES 23 25Col|A] uykste] WA AT, HES ZIES P27 &

S 0 gulg v HArtsle] 22 5 729 A (n-Hexane)dlo] F7HA] 14-18 10.3g (58 26%) 5538130},
LC/MS: m/z= 357[ (M+1) ]

(2) Alzxd 7-2: FIHA| 14-2 A

//N\ £ N S ‘
|J\\VJ[\ P ) E /j b \]
N \]/ N
= 14-2
14-1

=7+ 14-1(10.3g, 0.029mol), 1,4-diiodobenzene(9.4g, 0.029mol), Z=m] Copper(I1)(0.33g, 0.0029mol),
Potassium fluoride(1.7g, 0.029mol)oll DMSO 400mlZS Wi 130TColA w-EA AT, ws EFES YA F
55 bbe gujs wkE HJUtele] &% & 29 A A (n-Hexane: methylene chloride)dle] S7HA] 14-25 8.6 g

TE 68%) TS5

d

LC/MS: m/z= 499[ (M+1) ]



[0193]

[0194]

[0195]

[0196]

[0197]

[0198]

[0199]

[0200]

[0201]

[0202]

SIHS31 10-2013-0136359

(3) Az 7-3: 33= 14 A4

Z=ZFA) 14-2(8.6g, 0.020mol), =74 1-4(8.0g, 0.020mol), Z=mw Copper(II) (0.38g, 0.0020mol), Potassium

fluoride(1.2g, 0.020mol)e] DMSO 300mlE 21 130TColA WHSAIZTH H-E EIES YZAA7l & ES ug
Lo = Hrlsle] =% ¥ 2 AA|(n-Hexane : methylene chloride)ste] 3h3HE 142 4.6g(5& 42%)
5315t

H-NMR(200MHz, CDCls): & ppm, 1H(7.50/M, 7.45/M, 7.63/D, 7.29/M, 8.12/D, 7.90/D, 7.39/M, 8.10/D,
8.57/S, 8.22/S) 2H(8.38/D, 8.83/D, 7.50/D) 4H(7.25/D, 7.58/M)

LC/MS: m/z=549 (M+1) ]

Ao 8: spstE 15§

(1) Az 8-1: =7HA 15-1 A

HN 3 N— I—N

15-1

diphenylamine (18.4g, 0.109mol, sigma aldrich), N-Iodosuccinimide(12.1g, 0.054mol)¥} Solvent
Chloroform/Acetone(3:1) 800ml S Yal 25Col|A nubate] WA AT e EdES P44 §F 5 vhs

SulgE Hrhstel & & 2§ AAl(n-Hexane)stel F3HAl 15-12 10.3g (& 32%) 5533t}

LC/MS: m/z=295[ (M+1) ']
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[0203]

[0204]
[0205]

[0206]

[0207]

[0208]
[0209]

[0210]

[0211]
[0212]

[0213]

[0214]

[0215]

SIHS31 10-2013-0136359

(2) Az 8-2: FkA| 15-2 A

I—N + . F*<:>FN

15-1

=7+ 15-1(10.3g, 0.035mol), 1,4-diiodobenzene(11.3g, 0.035mol), Zw] Copper(I1)(0.40g, 0.0029mol),
Potassium fluoride(2.05g, 0.029mol)ell DMSO 400ml1& Pil 130TCeolA WHEAIZTH wg EFES PzhA F
55 98 v v @Ulete] & & Z9 AAl(n-Hexane: methylene chloride)dte] F3HA] 15-25 8.6 g
(78 66%) F53FAUTt.

LC/MS: m/z=371[ (M+1) ]

(3) Azl 8-3: 315= 156 FA

1-4 15-2

15

Z=ZFA) 15-2(8.6g, 0.023mol), =74 1-4(9.2g, 0.023mol), =m Copper(II) (0.44g, 0.0020mol), Potassium

fluoride(1.4g, 0.020mol)ol DMSO 340mlS ¥ i 130TColA WAL, WHe E3E52 YA & ES Hks-
Lo = Hrlsle] =% ¥ 2 AA|(n-Hexane : methylene chloride)ste] 3H3HE 155 4.6g(5& 41%)

Selole.

H-NMR(200MHz, CDCls): & ppm. 1H(7.50/M, 7.45/M, 7.63/D. 7.29/M. 8.12/D, 7.90/D. 7.39/M. 8.10/D)
9H(6.81/M, 6.69/D, 7.54/D, 7.50/D, 7.58/M) 4H(7.20/M, 6.63/D)

LC/NS: m/z= 487[ (M+1) ]

Aol 90 ggtE 18 944

(1) Az 9-1: F7kA] 18-1 T4

<>:::/ . mou%<:>- S <>;=:/‘lr£r

4-bromo-9-phenyl-9H-carbazole(10g, 0.031mol, sigma aldrich), 4-bromophenylboronic acid (7.5g,
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[0216]

[0217]

[0218]

[0219]

[0220]

[0221]

[0222]

[0223]
[0224]

SIHS31 10-2013-0136359

0.037mol, sigma aldrich), Pd(pph)4(1.0g, 0.0009 mol, sigma Aldrich), NaOH(3.7g, 0.093mol, sigma
aldrich )oll THF 360mlE Yil A4 slollA 3AZF &<t 35 mukslo] HbSAI T, WHSEFES Y7 A7 &

dichloromethane 5% % A7} column BAMC:HEX)3le] S7HA] 18-12 9.1g(58& 74%) 55 3f

LC/NMS: m/z= 3980 (M+1)']

(2) Alzd 9-2: 33HE 18 A

N
O y
T M
o O SR -

A
@ ;
O o3
g )
Ly
M
18
ZZHA] 18-1(9.1g, 0.023mol), 9H-pyridol3,4-blindol-9-ylboronic acid(5.9g, 0.028mol, sigma aldrich),
Wl Copper (11)(0.29g, 0.0023mol), Potassium fluoride(1.65g, 0.023mol)ol] DMSO 400mlS Eal 130T ol A]

SAZT. Bk e YA F 25 s SvlF e HUtetel & F 2§ Al (n-Hexane: methylene

chloride)dte] 33HE 18% 8.6g(F& 77%) 53k}

18-1

i L

H-NMR(200MHz, CDCls): & ppm, 1H(7.45/M, 7.25/M, 8.55/D, 7.33/M, 7.94/D, 7.59/D, 7.43/M) 2H(8.78/S,
9.26/S, 7.68/D, 7.50/D, 7.58/D) 3H(7.79/D)

LC/NS: m/z= 489 (M+1) ]

Ao 100 sHetE 21 A

XL vt
GO ey —

SIS
o et

0=

=7+ 18-1(9.1g, 0.023mol), 4,6-diphenyl-1,3,5-triazin-2-ylboronic acid (7.8g, 0.028mol, sigma
aldrich), Zu] Copper(I1)(0.29g, 0.0023 mol), Potassium fluoride(1.65g, 0.023mol)ol] DMSO 400mlS ¥ il

130CellA WA ZTE §hg EES WA § 25 93 &% wE HUkete] & F 2 A
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[0225]

[0226]

[0227]

[0228]
[0229]

[0230]

[0231]

SIHS31 10-2013-0136359

Hexane: methylene chloride)s}e] 33+ 212 8.6 g(55 638%) 53 T).
H-NMR(200MHz, CDCls): & oppm, 1H(7.25/M, 7.45/M, 7.33/M, 8.55/D, 7.94/D, 7.59/D, 7.43/M, 7.79/D)
2H(7.41/M, 7.85/D, 7.25/D, 7.50/D, 7.58/D) 4H(8.28/D, 7.51/M)

LC/NS: m/z= 5510 (M+1)']

Ao 11: sHetE 22 §HAd

O - mwdh
18-1

. o
) Oy

=7FA) 18-1(9.1g, 0.023mol), 43,5-diphenyl-4H-1,2,4-triazol-4-ylboronic acid (7.4g, 0.028mol, sigma
aldrich), Zmu} Copper(II)(0.29g, 0.0023mol), Potassium fluoride(1.65g, 0.023mol)e] DMSO 400ml& YL
130Coll A WH-gAIF T, Wb EES WAA7 & BES s Su E Hulele FE F 2 AA (-
Hexane: methylene chloride)ste] 3}3t&E 22 8.6 g(69%) F5313ith.

H-NMR(200MHz, CDCls): & ppm, 1H (7.45/M, 7.94/D, 7.33/M, 7.25/M, 8.55/D, 7.43/M) 2H(7.41/M, 7.68/D,

7.50/D, 7.58/M) 3H(7.79/D) 4H(7.51/M, 8.28/D)

LC/NS: m/z=539 [(M+1)']
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[0232]

[0233]
[0234]

[0235]

[0236]

[0237]

[0238]
[0239]

[0240]

SIHS31 10-2013-0136359

Aol 12: 3HetE 23 §HA]

=

9 L
@—N O Br + (HO),B Nf Q — =
) .
~ O

N oy ¢
OO Nxb

A 18-1(9.1g, 0.023mol), 3,5-bis(1-phenyl-1H-benzold]imidazol-2-yl)phenylboronic acid (14.2g,
0.028 mo, sigma aldrich), =9} Copper(II)(0.29g, 0.0023mol), Potassium fluoride(1.65g, 0.023mol)ell
DMSO 400ml-& Wil 130ColA REgAIZITH whe E3ES YA § BS vh& &g o5 Hrletd] 5 &
Z5l A Al (n-Hexane: methylene chloride)ate] 3}3H&E 235 8.6g(F& 48%) F533ith.

H-NMR(200MHz, CDCl): 6 ppm, 1H(8.55/D. 7.33/M, 7.94/D. 7.25/M. 7.43/M. 7.79/D) 2H(8.56/D. 7.58/D)
3H(7.59/D, 7.45/M, 7.66/S) 4H(7.58/M, 7.25/D. 7.22/M) 6H(7.50/D)
LC/NS: m/z= 7800 (M+1)']

Aol 13: spehE 25 A

OO

=24 18-1(9.1g, 0.023mol), dipyridin-3-ylboramidic acid (6.0g, 0.028mol, sigma aldrich), Zwj
Copper (I11)(0.29g, 0.0023mol), Potassium fluoride(1.65g, 0.023mol)°] DMSO 400mlS ¥ ir 130CollA HFZA]

Ao, g EFEES YA = ES e g O F HUbsle] & $ 72§ AAl(n-Hexane: methylene

chloride)dle] 33tE 255 8.6g(5& 77%) 53T}
H-NMR(200MHz, CDCls): & ppm, 1H(7.45/M, 7.94/D, 7.33/M, 7.25/M, 8.55/D, 7.59/D, 7.43/M, 7.79/D)
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[0241]

[0242]

[0243]

[0244]

[0245]

[0246]

[0247]

[0248]

[0249]

[0250]

[0251]

[0252]

[0253]

SIHS31 10-2013-0136359

2H(7.58/M, 7.50/D, 7.54/D, 6.69/D, 8.04/S, 8.09/D, 7.36/M, 7.27/D)

LC/NS: m/z=489 [(M+1)']

A A4 14: 33E 29 34

>

HA 18-1(9.1g, 0.023mol), imidazoll,2-alpyridin-7-ylboronic acid (4.5g, 0.028mol, sigma aldrich),
Zu Copper(11)(0.29g, 0.0023mol), Potassium fluoride(1.65g, 0.023mol)el] DMSO 400ml<S i1 130ColA
ARG, e EFEES Y 7”‘] T BS dks J‘luﬂ ZF g Hrrete F& $ 29 A (n-Hexane:

o
methylene chloride)3d}o] 3}E 295 8.6g(4& 86%) 5315 ch.

rE Jhe ofy

H-NMR(200MHz, CDCly): & ppm, 1H(7.25/M, 7.45/M, 7.94/D, 7.33/M, 8.55/D, 7.59/D, 7.43/M, 7.79/D,
7.73/S, 6.87/D, 8.54/D) 2H(7.48/D, 7.50/D, 7.58/M) 4H(7.25/D)

LC/NMS: m/z= 4350 (M+1)']

Ao 15: sHekE 30 §HAd

) &
QN o (Hoba/w .

oot

Z=7r4 18-1(9.1g, 0.023mol), 9H-carbazol-9-ylboronic acid (5.9g, 0.028mol, sigma aldrich), Zwj
Copper (I11)(0.29 g, 0.0023 mol), Potassium fluoride(1.65g, 0.023mol)ell DMSO 400mlE YL 130TCelA WHs

A AT wEE %Q%*‘@”ﬂLﬁl%%%%<%ﬂ%?ﬁ%%ﬂﬂ@5%§$ﬁ@§@ﬂmﬂwmemﬁww%

chloride)dte] 3}¢% 308 8.6g(5& 63%) F538H3t).

H-NMR(200MHz, CDCls): & ppm, 1H(7.50/M, 7.63/D, 7.29/M, 8.12/D, 7.45/M, 7.59/D, 7.43/M) 2H(7.50/D,
7.68/D, 7.58/M, 7.94/D, 7.33/M, 7.25/M, 8.55/D) 3H(7.79/D)

LC/MS: m/z=485 [(M+1)']

¥ ool AAelol A ol ool ofefg} Pk,

NPB: N,N'-Bis(naphthalen-1-y1)-N,N'-bis(phenyl)benzidine
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[0254]

[0255]

[0256]

[0257]

[0258]

[0259]

[0260]

[0261]

[0262]

[0263]

[0264]

[0265]

[0266]

[0267]

[0268]

[0269]

[0270]

SIHS31 10-2013-0136359

Ir(ppy)s: Iridium, tris(2-phenylpyidine)

Balq: Bis(2-methyl-8-quinolinolato-N1,08)-(1,1'-Biphenyl-4-olato)aluminum

Algs: tris(8-quinolinolato)-aluminium(III)

CBP: (4,4-N,N-dicarbazole)biphenyl

AP Ael 1 S 1% waae] 5AE AR skl frlAARReA AL

e

IT0= Z"E Fe7]d 9ol NPBE T3 3t 120mne] AErE3S FAsIAoH, oJojA Ir(ppy)sys EHER
ste] B 15 9% EHx(rate), = IFIE 1 9 &£

Zate] FHEE v go] 897t HEE Ir(ppy)yS =33}

AT =

= 0.1nm/sec, Ir(ppy)s &<EE 0.009nm/sec® 3

=
of Aeads Aol LHSTE 30m FAZ AT

2 9190 Bala® 10m FAZ SHohel 43o] WBSL A AASEIO0 5ok AL PG JTAY
% Z 33}l

=S PAata, 1 Yol Alg:E F2aete] 40nmF
A5

A AAFAFE s, A4
WRLAE Az

A AL 2 WA 14

S35 1 ool 3] E 1o A BPARD AT AL ALSnE 2AA ¢ BAE PEo 24
A 2 A 149§ AARFEAS AxSAG,

3etE 1 thal 32E B2 2 CBP((4,4-N,N-dicarbazole)biphenyl)E AF&3tal, AE¥F4E4d=24 NPB o2l
SHE 25 AFSS AS AQsta aAEAC 13 U WHo R {UIHARFAAE A5

S2AAA G 16 WA 18

e 2 dAlel 3] E 1ol e AFEEARE A8 A Adstus A4uAdI5s) FUe wEow
22N G 16 WA 189 7] AA L FAAE A 25T}

A7) 3hetE 1 Al (4,4-N N-dicarbazole)biphenyl (CBP)S WHAla= AFR3 AS AQetns AAAA Y 1
I sde PR [ AN FAAE AT

ojal, 71 Al 1 WA 183 AApRaLe] 1o whet Alx® FrlAAEFAAe] 5EAE vug AaE o
] 3 1o YeEpATE.

¥ 1

Ll = ATTsAE TV uat g S Al

(£28) (at_1000cd/m’) (cd/A)
22 A o] 1 9= 1 \PB 5.1 35 2=
A A e 2 83 2 \PB 5.9 30 =2
2224 e 3 32 5 NPB 6.0 25 2=
A2 A o] 4 3 6 \PB 5.4 22 =)
224249 5 sz 7 NPB 15 25 2=
241249 6 3= 12 NPB 5.9 2% 21
222 A o] 7 3= 14 NPB 5.2 27 2=
A2 A 0] 8 33 15 NPB 5.5 31 =
2242149 9 = 18 NPB 5.1 27 2=
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224 o] 10 a3 21 NPB 5.4 29 =
2 Ao 11 satE 22 NPB 5.5 22 =)
A A o] 12 s}3HE 23 NPB 5.0 34 =
2 A o 13 satE 29 NPB 4.9 30 =
A o] 14 33he 30 NPB 5.7 20 =
A AI S 15 CBP 33t s 2 5.7 24 =)
A Ao 16 CBP 33 6 5.5 22 )
222 Aol 17 CBP s3te 15 6.0 21 =
A4 o] 18 CBP a3 25 5.4 22 )
A o] 1 CBP NPB 7.5 17 =2

[0271] T 9 wAe s 54

[0272] Sell A WHE S AA()BII): 25%26m /EHAEA: 2xom)E VL A A E(CS-2000+%] THIVLE 2

ol DT F ARE WA/m A A5A7E ZHW Y A= (ed/m), FEALGW), A

_'gl_
£(cd/M)S ZA8e] F=7} 1000cd/n” A W TEALT} BB FES 7] F 1o JEHSC

[0273] ¥ 1o wEw, B dde] wE {U]HARFARE FEe] fFUIHAARG LAY WFTe] TAE EFE ALE
HAY AZFEAEE AFEE o 299 (BPE 2FAEE AEsAY, NPBE AZFESAEE AL wjHt
TS AFs] dojxa, dFase FIs F4E AS &+ dy
=y
R=2%0

+——130

~\\ \_\‘\\\\*\ N N \\\\ N Q i{\\\
R Ny 150

RO
T 139 -
— 137
~ 130
”’%133
131 —

0
27—
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