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[0179]
[0180]

[0181]

[0182]
[0183]

[0184]
[0185]

[0186]

[0187]

[0189]

[0190]

[0191]
[0192]
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A
:

L}_-_Q_)\] 1-1B

compound 1

o —

()
ﬁ o
OOO

9-(2-bromophenyl)-9H-carbazole(3.0g, 9.34mmol (4-chlorophenyl)boronic acid(1.49 g, 9.53mmol), & E|

),
Ef|~(EAdE~A)ZEE 2 molbE HEZHSO|E2FT(20 nl)ol ¥ vHHAE(18.68 mmol)S E(10
ml)ell 5o EF3h. 80TAA 6417 adket & ¥bg T4t FeoR As By /7% 2. f71
SRF 358 &, B4 3 vloavls Wil wWbekal, silica pad o3 $ 7RQF Stol Al &9 wFHstal A A
Aste] FHA 1-1(2.57g, & 78%)S A|Z3I3AT).
ZZHA) 1-1 (2.57 g, 7.28 mmol), aniline (0.34 g, 3.64 mmol), % NaOt-Bu(0.84 g, 8.74 mmol)S EF<l(30
mDel  ¥e  F oA 100 C 2 RS B30 $ed F o @RH] Ags
H 2~ (E-HE-FEx2~3)Ze}5F(36 mg, 0.07 mmol)S A3 "ojmeln] Wk, 5AIF &<t whgA 7l & &
T2 geow uEy 71e stolA BE9 T AY Aalete] FAE 1 (1.8 g, £8 68 %) Azt

MS: [MHH] = 728

compound 2

9-(2-bromopheny1)-9H-carbazole (5g, 15.58mmol)S <4 HIE#slo]=2F & 100mlo] 73] =o]la -78° CZ
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[0193]

[0194]

[0196]

[0197]

[0198]
[0199]

[0200]

[0202]

[0203]

[0204]
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Wzhsith, o7lel 1.6 M n-HEeH (10.7ml, 17.14mmol) & HH3] H7F3E & F A3 awkdit), Egl-ofo] X
23 B olE (8.8g, 46.74mmol) HH3F] FEUI T Ao & A7t mulsla ALow HAF LLE
=k, whgo] FAHY iy FRdol= 84S Wi WA F SRSt {715 o ek shellA
TEY 5 A4 AAlste] adkE FA 2-1 (3.17 g, & 71 9)S AU

HA 2-1 (3.17g, 11.04mmol)3} N,N-bis(4-bromophenyl)-[1,1'-biphenyl]-4-amine(2.6g, 5.52mmol)S ©]-&
P A Qo= AV FHA 1-19] Y sES WHe R wkgsta AAlske] sHEE 2 (3.02g, $E63%0)E A

MS: [MHE] = 804

Azl 3: 3hgt= 39 34

[#h8-4] 1-3]

(>
O NH
o, - 9y e $
- ﬂ

compound 3

ZFA) 1-1 (5g, 14.16mmol)3} [1,1'-biphenyl]-2-amine (1.2g, 7.08mmol)< o] &3 A Qo= A7) 31EgE19

FA4T TS o R WSt GAste] 3EE 3 (3.30g, E58%)S A=A

MS: [M+H]'= 804

Zof 4: shghs 49| A

F-S-2 1-4A

A

T
lo

y

)
o . O
= o Yo

N
H
2-1 "
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[0205]

[0206]
[0207]

[0208]

[0209]

[0211]

[0212]

[0213]

[0214]

[0215]

[0217]
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98] 1-4B]

=74 2-1 (5g, 17.41mmol)® bis(4-bromophenyl)amine (2.83g, 8.7lmmol)E ©]&3F 7 Qo= A7) FZHA)
1-19] 397 T o R wkgsta GAlste] FHA 4-1 (4.54g, TE80%)S A=A}

Z7HA 4-1 (4.54g, 6.97mmol) 3} 2-bromotriphenylene (2.13g, 6.97mmol)S ©]&3F A 2o A7 3dE19]
T sdF Yo vkgetal gAste] 3w 4 (3.91g, E64N)E AR

compound 5 O

A 4-1 (5.00g, 7.68mmol)*} 2-(4-bromophenyl)-9,9-dimethyl-9H-fluorene (2.67g, 7.68mmol)S o]&3F
elol= 371 sgele] §4 edF Yo R whestal AAste] Sk 5 (4.66g, 7E66%)E AL

S ofy

MS: [MHH]'= 920

(

2
BN
2
(o))
Lot
ET‘
i
»
o
ET‘
o
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[0218]

[0219]
[0220]

[0221]

[0223]

[0224]

[0225]
[0226]

[0227]

[0229]

[0230]

[0231]
[0232]
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gl-_O_/kl 1-6

)
.
N OO O @
gEv
H ) s (&

4-1

'e

N

=74 4-1 (5.00g, 7.68mmol) 3} 4-bromo-9,9-diphenyl-9H-f luorene (3.04g, 7.68mmol)< ©]-&35 A o= A+
| Bhe1e] g e o wheska AAste BskE 6 (4.38g, TES)E Azt

N

MS: [MHI] = 968

»
),

-
o S g — § {)
el

[e]
compound 7 Q

f
»
O

(5.00g, 7.68mmol)3} 4-bromodibenzo[b,d]furan (1.89g, 7.68mmol)<S ©]&3F A o= 4] 3}
19] A7 sLds o s vhgsta HAste] SRE 7 (4.14g, TE66%) S AxsHTH

compound 8

Z7A 4-1 (5.00g, 7.68mmol)¥} 1-bromodibenzolb,d]thiophene (2.01g, 7.68mmol)S ©]&3 7 o= A7)
g3tE10 AT TAs wgo T HSEta AAshe] 83E 8 (3.97g, F862%)S A ZET)



[0233]

[0235]

[0236]

[0237]
[0238]

[0239]
[0240]

[0241]

[0242]

[0243]

[0244]

[0245]

[0247]

MS: [M+H]'= 834

g
z

e

N
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o
7

9-1

e

sy U

9-2

&
e
L

compound 9

=74 2-1 (5g, 17.41mmol)3} 4-bromo-N-phenylaniline (4.21g, 17.07mmol)S ©]&3F A o= A7) F7HA
%

1-19) $43 LT WHOR weskn BAstel FUA -1 (5.60, FF 800 A%

74 2-1 (5g, 17.41mmol)3} 4'-chloro—-4-bromo-biphenyl (4.53g, 17.07mmol)S ©]&3%F A o= A7 F

)

A 1-1e] FA s Wyew whgstal AAlste] FHA 9-2 (5.64g, & T7h)E AT

Z7HA 9-1 (5.39g, 13.14mmol)T} Z7HA) 9-2(5.64g, 13.1dmmol)E o] €3+ A o= A7) 33E 19 A3}
& 9 (5.81g, &55%) S A3ttt

A3 Wyow whgstal AAlste] g

oft

MS: [MHH] = 814

Az 10: 3H5HE 109] A
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[0248]

[0249]

[0250]

[0251]

[0253]
[0254]

[0255]

[0256]

[0257]

[0258]
[0259]

[0260]

[0261]

ZIHSd 10-2018-0098130

W2 1-10

o
OO NH, OO OO
_ >
N * N

-2 compound 10 @

5.0g, 11.65mmol)¢} aniline (0.54g, 5.83mmol)< ©]&38t A o= A7) 3atE 19 47 5o
St o2 wm-8-sty AA|ste] 3EE 10 (3.64g, FE7ID)S A3

MS: [MHE] = 880

A3
Add 1-1

ITO(indium tin oxide)7} 1,000A¢] FAZ vt I8 H F2 7FS AAZ 59 SHF ¥ 2332 A F
3G, o] w, AlA|EE ¥ MAH(Fischer Co.) AES AlgsF o, ZHeaE e Fo]A(Millipore Co.) Al
Fo e (Filter)2 232 A ST/HFFE ARSI IT0E 3083 Al¥E & SHFE 238 W&o =&
AHE 1087 At T/F Aol B & oaZzddF o HE, ek SAZ g3 AF
3 AXAZ T Zezul AV R FEAZT. B, AbAh ZetzulE o] &ate] 4] 7w 581 AlA

T AF FAVZ 7FS FEAFHY.

o

olgA FulE 110 14 A= el str] slshale] AAYEZ dxjolxlER]Hd @ (hexaazatriphenylene; HAT)
= 500A9 FAR 4 AF A AT FASE AU

[HAT]
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I 7 100A 22 3H7] EB 1(TCTA) & %

=

Q

[0264]

-

[0265] olojA] | A7) AARAES el ¥ FA 300A 02 ool £ BHO BDE 25:19] FHHE NFFFsle] WS
< A3
[0266] [BH] [BD]

ST
&
QA

2 ET17} LiQ(Lithium Quinolate)E& 1:19] ZZu|z2 & Z2Hslo] 3004 FAZ
=

[LiQ]

=
[\
=
; z
z@
O\
-
z
/

=

[0272] A7) AR F D FES Qo] £AF R RAFAR dEZEEOI=(LiF)9 2,000A FAZ dFuES =&
st S8 A

[0273] 719l A ol A

= 0.4 WA 0.7A/secE A9, &9 gHEZZdo]l== 0.3A/sec,
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[0275]

[0276]

[0278]

[0279]

[0280]

[0281]

[0282]

[0283]

[0284]

[0285]
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= ) ) . . = 7 6 .
dFHES 2A/secd T FEE FX&gleH, S AFEE 2 x 10 WA 5 x 10 torrgs A,

Jo w
)
23
o
[N
>
i
2
L)
ol
ol
3%
v

o 1-1e14 sheh=E 1 WAl 7] sekE 2 WA 108 747 AHSd AS Alflstas ddd 1-13) &

d7) Adel 1-1914 sek= 1 oAl 8471 HT 1 WA 0T 38 ARE3H A& AlQstas d3d 1-13 43 8

» )
S

C

¢

&
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[0287]

[0288]

[0290]

[0291]

[0292]

[0293]

[0294]

[0295]
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¥ 1

T 3} At a8 A ESR

(BETES) | (vo10m/cn’) (cd/A@1OmA/cm ) (x,y)
Add 1-1 s3E 1 4.55 5.95 (0.139, 0.122)
Ao 1-2 3stE 2 4.52 5.78 (0.138, 0.126)
A 1-3 39 E 3 4.30 5.96 (0.138, 0.127)
A3 14 sgtE 4 4.31 5.94 (0.137, 0.125)
Add 1-5 319 E 5 4.59 5.73 (0.136, 0.125)
A 1-6 3l8E 6 4.54 5.87 (0.136, 0.127)
Add 1-7 39t e 7 4.50 5.78 (0.136, 0.125)
23] 1-8 319HE 8 4.44 5.71 (0.137, 0.125)
Add 1-9 ) 4.43 5.78 (0.138, 0.125)
A3 1-10 3}3tE 10 4.44 5.72 (0.136, 0.125)
v e 1-1 HT 1 4.96 5.13 (0.136, 0.127)
H e 1-2 HT 2 5.05 5.04 (0.136, 0.127)
Hlaref 1-3 HT 3 5.02 5.14 (0.136, 0.127)

7

o o

| & 1914 BiE vel o], A3 1-1 A 1-109] 3}FES 7] 23 AN ZBeFEF oz ALEss
S uf, vjale] 1-1 WA 1-39] Hlste] AL 2 a8 548 HERE A&

Add 2-1

ITOCindium tin oxide)7} 1,000A 9] FA = Btak IR fre] 7|@4s AAE 52A FHFl Wi 2532 AlH
slt}. o] W, AAlZE FAMAH(Fischer Co.) AFS AFEsIF o, ZHFE2E Y E A Millipore Co.) Al
Fo] e (Filter)® 222 Aelzl F/HTE AFEsgi. [T0E 3027t /‘ﬂzﬂ“ﬂ' SHTE 23] yHEste] 25
AFE 1087 A8QlTt. S/ AFo] 2 & oA 2dUF, oAE, WEge §AZ =53 AF
st AxRAIZ & Fepzul AAVIE FEART. E, AFA FERulE ol gste A VEEs 5t Al

T AE THEANRE 7w

g

(o go & oo

)
o

}
of
>
A,
Auf

olgA FvlE IT0 94 A= fol st7] 33hae] dAEY AlolxtEg]#dd @ (hexaazatriphenylene; HAT)
£ 500A9] FAR 4 W FFe FFTFASTS FAA.

[HAT]

HWg=o8 $AE RHY =WE RDE 300A Y

o

TE8tE 817 3EE 1(400A)S T =73
+
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[0310] Hlu A8 2-1 WA 2-3
[0311] A7) AFd 2-1004 e 1 Al sh7] HT 1 WA HT 38 242 AL83 AS AYdstas A3 2-13 593
WHo R fY] g AAE AEEAT.

[0312] [HT 1]

»

[0314] [HT 2]

[0316] [HT 3]

[0317] ©

x 2

[0313] T st E Kby as AN 3T

(B25Es) (V@lOmA/cmz) (cd/A@lOmA/cmZ) (x,v)
A 2-1 sEE 1 4.71 23.87 (0.661, 0.332)
A3l 2-2 3}3E 2 4.74 22.74 (0.661, 0.331)
A& 2-3 319HE 3 4.71 24.69 (0.664, 0.332)
A3 e 2-4 338 4 4.73 23.49 (0.662, 0.332)
A3 2-5 3198 5 4.79 22.41 (0.661, 0.333)
A& 2-6 33tE 6 4.75 23.47 (0.661, 0.335)
A3 2-7 3188 7 4.77 23.75 (0.664, 0.332)
A& 2-8 3I3tE 8 4.71 22.18 (0.666, 0.331)
A 2-9 3198 9 4.87 23.15 (0.662, 0.334)
A3 d 2-10 31eHE 10 4.82 22.44 (0.661, 0.331)
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Hlalof 2-1 HT 1 5.24 20.41 (0.661, 0.338)
Hlu e 2-2 HT 2 5.30 20.10 (0.659, 0.331)
Hlale] 2-3 0T 3 5.28 19.89 (0.668, 0.332)

[0319] 71 3 2004 Haz mbel o], Ay 2-1 WA 2-109] shes 7] T bl A
KR

1 JErEEon 4839
o, o] 2-1 UlA] 230 wlste] At R nafe] 54 ehE A ¢ 4 At

[0321] A3 3-1

[0322] ITOCindium tin oxide)”7} 1,000A ¢ T/ = ¥t 78 Hu 71FE AAES %< ZFHF Y1 25932 A F
sk, o] ul, AlAlZ= 3 A A Fischer Co.) #A|&S AFE3sF o SEoJAFMillipore Co.) Al
F9o Y (Filter)2 222 AR STHTE AFEst F2 28 ME3le] xS

>

3 AlFS 10830 AT, SHF AFHo] 8 §, oAX2IAdF | ofME, vWEEe §AZ 253 AlFH
& a3 AN F ozl ARAZ SEAAT. E£9, A Texes olgde] A7) 19E 587 MY
B F AT TN NRe FEAAT.
[0323] o€ FuE IT0 4 A= Yo 317] ssrale] AAJED oz Eg]#d e (hexaazatriphenylene; HAT)
= 500AS FAZ A AT FFe] 4F FAFL I
[0324] [HAT]
CN
N CN
NC N N
| N
)
NC N |N
N
ﬁ)\cn
[0325] CN
0326] A7) AFFVF Ao AFL Sk BE ) M 1-1S AF SR 4355S S e,
[0327] [HT 1-1]
N

[0328] O

[0329] ololA], A7) AEG5EE o B T/ 100A02 317 e 1S AT Z@sd AxxdES P45t
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shete 1]
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[0331]

[0333] oloj A, A7) HAATES el 9 T4 300ALR o9} 22 BHS} BDE 25:19 FEH|E FFTaste] wET
< gAsI

[0334] [BH]

[BD]

SRt
O 8%
e

[0338] A7) @ES el 7] 3%E ET1¥ LiQ(Lithium Quinolate)E 1:19] FHH|2 JF F&ste] 300A9 FA=
A% 7Y 2 2EFe A

[0339] [ET1] [LiQ]

® » Y

Sh
L
0
g '
N
J g
[0340]
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[0355]

[0356]

[0358]
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¥ 3

T 3} ¢k s A ESR

CAAA A Z) (VO10mA/cn) (cd/A@10mA/cn) (x,y)
AE e 3-1 3stE 1 4.14 5.85 (0.139, 0.122)
A8l 3-2 sEtE 2 4.12 5.88 (0.138, 0.126)
A& 3-3 3tE 3 4.10 5.86 (0.138, 0.127)
A3 3-4 sEE 4 4.11 5.84 (0.137, 0.125)
Ado 3-5 3l3tE 5 4.19 5.83 (0.136, 0.125)
Ad o 3-6 33tE 6 4.14 5.87 (0.136, 0.127)
Ado 3-7 3tE 7 4.10 5.88 (0.136, 0.125)
AE o 3-8 33tE 8 4.14 5.81 (0.137, 0.125)
g 3-9 3HE 9 4.13 5.88 (0.138, 0.125)
Ad o 3-10 3}H3HE 10 4.14 5.82 (0.136, 0.125)
Hlale] 3-1 EB 1 4.67 5.23 (0.136, 0.127)
H| 3o 3-2 EB 2 4.70 5.24 (0.136, 0.127)
Hlale] 3-3 EB 3 4.72 5.24 (0.136, 0.127)

o ox
N

ﬂ
it
Ak

of\i

1
g

k1
g
~

| 3% 304 HE viel o], Add 3-1 WA 3-109] 3}
ul, vlale] 3-1 WX 3-390] H|ste] AL L 18859
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