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st 0C=E 3 vy AtEstol=glel=
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T kel e Ao 29F FLd Mo AP ste] A 3EE 9-o|"-9H-y 2] =[3,4-b] 1= 8.22g(69.8%)S
At
3del 4

H

N N

\ —— -

5-ol| E&l-5H-3] 2] %= [4,3-b] 91 E9] §HA]

HEgstol=zFet  30mLol  y-7HEE 10g(0.06mol)S  7leta 0CE 3 e Ayesle|=gle|=
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B Egsto] =&k 100mLel  9H-7RiEE 15¢(0.09mol)S  7Fstar 0CE & v Argstol=gtel=
4.32¢(0.18mo1) S 713k vh& 3083F kg Hhg gofell 3-(B=Xve)se 26.1g (0.135mol)& 7F8kaL
3N 7F B35 wwstitr, ve =4 OJ & aAeom 3 T ourS gAS 7iek S AR Aol o
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SFA] o 7

H ;\N
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HEZsto|lm2F&  100mLel  a-7FHE¥ 15g(0.09mo1)S  7keta  0T= 3 e AUgdtol=gle|=
4.32¢(0.18mol)& 7FeF Th 3047F wwkaegivh. Whg gole] 3-(H=Eve)e 26.1g (0.135mol)& 7hsbar
SAIZE g abelglnh. Whg $AE SRl F d2om 3§ kg §4S Y ?% gt ol At ol
EolAEH ol E 200mLE 7Fatal 20% & 2§ A=sta A xﬂTi 18] At FE8. F715S 75 ¢
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E52433HE 9-(2-ld #A)-9H-9] 2 = [2,3- b]<>1£ 16.2 g(64.3%)2 AATt.

_18_



[0124]

[0125]
[0126]

[0127]

[0128]

[0129]
[0130]

[0131]

[0132]

[0133]
[0134]

[0135]

ZIHSd 10-2016-0131333

SFA] o 8

N‘;} . Br . N‘(P
S0 O {0

-¥d-9H-¥] 2] =[2,3-b] 21 & 2] &

o,

9H-pyrido[2,3-b]indole 12g(0.071mol), B.EE ¥ A112.32g(0.078mol), AT]L-t-F-EA}o]= 9.05g(0.094mol)S
A #9171 shell A 200mLel] 7hshar AF2olA] 30 wHES 60C= g 5}3 Ega(tuld g loly &)t et &
(0) 0.5¢7 EfA-t-REZ AW (0.1g2 U2 @i 308 ww 3 37 AejolA] 2447 g A H T, RS
FTAE 3 g AFsta gAE BF S SRSt doid Al n-#;ekS Thslar 2413 wnksle] A4
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9,9-4] 2 (9-o| J-9H-3] 2] = [2,3-b] Q1 E-6- 4 )-9H-E] 2. 77l 10, 10-T] SAfo] =9 1

OH-E] Q% dl-9-2 10,10-T] ALl = 10g(0.041mol) T 9-ol &d-9H-5] 2] % [2,3-b] <l
71 stellAl kgl BF Zbstal, 90T sbEskgivh. 1o ohe WS 8
30g(0.2Imol) & HIEH Z YA = 345ge] =31 &AS 1Al AA AA38] 7
AS Flsta o ﬁ& 5 700mLe] wlehE&E 7hake] 1A17F
2 AFs. 4ozl 1P ES olAE 400mE 7hskal 147 $hR-gt

oM EC R A FH 3} OMo}O*E} dolxl 1P ES I ool HolE 1:2 &
A7 g 2vlEagy]E o]&3sle] EH3gE 9,9-0] A (9-E-9H-¥] 2 % [2,3-b] A E-6-Y)-9H-
10,10-t] S AFo) = 11.5g(7& 45.3%)S E3UTE. o]E°] NMR HoJEE & 29 YERSITT.
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3 ¢
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o’ \\ [eliiNe)

)

9,9-1] 2= (9-° "&-9H-7] ] %= [2,3-b] Q1 E-6-)-9H-F] 2.2l 10,10-T] SAFe] =] 34

[e

9H-E] 2. Zdl-9-2 10,10-t]=AFo] = 10g(0.041mol) ¥} 9-o|&-9H-3| 2] =[3,4-b]0E 25.62(0.12m01)S AL ¥
#2171 el e 99F e WHoe=m AHEste] HAEFE 9,9-°]A(9-AE-9H-9 2] £ [2,3-b]1E-6-Y)-

9H-E] . %2l 10,10-T] Aol EE 12.8g(58 50.5%) S AT},
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9,9-8] 2~ (5-9d-5H-3] 8] &[4, 3-b] 1 E-8-Y)-9H-E] & 74l 10, 10-T] 2A}o] =9 A

OH-E] & Xe-9-2 10,10-T) A}o] = 10g(0.041mol) T 5-o&-5H-T 2] = [4,3-b]UE 25.6¢(0.12m0l1)S HAA B
#1771 st H Add 99} T2 WHo=z AEste] EAHETE 9,9-H]a(5-dE-5H-9 2 =[4,3-b] N E-8-U)-
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st o 12
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o ¥4

ZH-9-¢ 10,10-t] 2 Ao = 10g(0.041mol ) 3} 9—01]%—9H—T151C[2 3-b] J% 12. 2g(o 062mol) 9—01]9—
-b]2E 12.2g(0.062mol) S A& #2]17] 3ol A

e IAZeA HAEALO|E 30g(0.21mo] ) E HEH Z Y A= 345¢4] °J %J% 17P<>ﬂ 7*%% A4 8]
7Veta 48417k wkEEgin), WS A4S #AclEtn Aoz I e WES 300mLE 71ete] 143 HoF wks
o AdE AAHE APt wEEZ AHsgIY. Aol BHES ofME 800mE Jhstal 1A% EFE U
Aol A 1AZE B wtete] ofFatal ofAlE LR Ao oFetgitt. ozl A ES HIFEEEY oY
olAEHO|E 2:3 EFLAS fEQoz *‘EWP“ ARvEIHIE o] &ste] HAFGE 9-(9-oE-9H-I] | =
[2,3-b] 91 E-6-2)-9-(9-o D-9H-1] 2] =[3,4-b] Q1 5-6-)-9H-E] 2 Zdl 10,10-T] A ol = 9.79g(5+& 38.6%) <
FATk. a2z, o] FF=Y MR HolHE = 3°ﬂ LER AT}

g4 13

0 N( h]l/
M =
oo

9-(5-oll &-5H-5] ] £ [4,3-b] 21 5 1-8-2 )-9-(9-oll F-9H-¥] €] :=[2,3-b] 21 H-6-2)-9H-E] 2.7 &l  10,10-T] SAbo] =
o F4

9H-E] @ el-9-2 10,10-T]%ALo] = 10g(0.041mol) 3} 9-o| 2-9H-3] ] = [2,3-b] Q1 12.2g(0.062mol), 5ol &-
SH-91 2] ;= [4,3-b] Q1 E 12.2g(0.062m01) S A4 H917] tollA] W&ol B slata FAel 129 2 wHoeR
Aelete] A BE 9-(5—01]‘5‘—5H—J4F4 [4,3-b] Q1 E1-8-9)-9-(9-ol & -0H-¥] 2] . [2,3-b] Q1 Z-6- ) -9H-E] &
el 10,10-T] & Ao = 9.43g(F% 37.20) S A,
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9-(5-°ll & -5H-9] 2] ;= [3,2-b] 91 =8~ ) -9-(9-o & -0H-¥] 2] ;= [2,3-b] 1 =-6-)-OH-E| &.24dl 10, 10-H Aol =
o ¥4

9H-E] ¢ Zdll-9-2 10,10-T 3ol = 10g(0.041mol )3} 9-ol €l-9H-3] 2] &[2,3-b] 21 E 12.2g(0.062m0l), 5-ol&-
5H-3 2] = [3,2- b]°15 12.2¢(0.062m01) & A2 E97] sholl A wbgFo] BF slata el 129 e Wyow
AYste] ZA 3= 9-(5-o D-5H-T 2] = [3,2-b] 1 E-8-Y)-9-(9-ol &E-9H-¥] F =[2,3-b] 2 E-6-Y)-9H-E] & &
9l 10,10-tgAlol = 12.73g(5& 50.2%) S LUt

g4 15

.
495"

9-(9-oll & -9H-7Hi}2£-3-20) -9~ (9~ F-9H-¥] 2] = [2,3-b] 1 Z-6-2)-9H-E] @ 7kl 10,10-t] SAbo] =9 FA

9H-E] @ A ell-9-2 10,10-T] &ALl = 10g(0.041mol )T 9-o &l-9H-%] ] =[2,3-b]¢1E 12.2g(0.062mo0l), 9-ol&-
OH-7hHE 12.1g(0.062mol) S A4 B97] dfollA wk&to] =T shetar gA o 129 e Wi o g A5l
EA83HE 9-(9-ol9-9H-7FE-3-4)-9-(9-°o 2-9H-F] 2] = [2,3-b] 1 E-6-YU)-9H-E] .35l 10,10-T] FAlo] =
14.82g(5+& 58.50)% ATk, Z1E]al o] 3zl MR HolHE &= 40 yehhict

kAo 16

1—\"

9,9-4] 22 (9-(2-ol| & &)1 ) -0~ 2] [ 2, 3-b] 91 &6~ )-9H-E] .24l 10,10-T] Aol =9 4]

9H-E] & ZFe-9-= 10,10-t]=A}o] = 10g(0.041mol) 3 9-(2-ol& & 2)-9H-T] 2= [2,3-b]AE 28g(0.10mol) <=
Ax w97 SellA wrgte] BF lstal, 90T 7hdste] <l ¥

30g(0.21mol) & WIEHE E Yo Al = 3450l 59l SN 2x|7ke] DA A
AL #doletn Feoz 3 s o &g 1000mLS 7}eke] 14]3F
= At defx ifﬂ%e wldol R EAE d00mE 7hat
slo] ofyslal WA aHEAEOR A F o] st doj Ay
FE&NE SEdo= *‘El } A ArrtEafdE o]&ste] HAFE 9
]2 E-6-2)-9H-E] 2. 28l 10,10-T] SAtO) = 12.7 g(5839.3%)< 2
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&= 5ol YERHAT.

stA o 17

9,9-8] 2~ (9-19-9H-¥] &) £ [2,3-b] 1 E-6-Y )-9H-E] & 75l 10,10-T] 2 A}o] =9 A

9H-E] @ Ad-9-2 10,10-t] EAFe] = 10g(0.041mol) F 9-¥d-0H-¥] 2] =[2,3-b]1E 29.3g(0.12mol) S A4
971 stell A WSl B 7pskal, 85T Zhdste] #dd Al =wQvh. whe &Nl EAx A HEAb|=
30g(0.21mo1)E WlgHE LYo A= 345g0] 591 &NS 247kl A A3 7hsta 36413t H]'oo}oﬂlﬂr ke E
Ag gelsta eo® 3 thy wekg 800mLE 7hste] 1A1ZF Fet wwkste] AAE AA S
AHEATE. Dozl 1FES Ao AT HAE 400mE 7Fsta A7 BFE o e A 1A17P o at oPO%
olzfetar wjdolaRdA =R Ao ofFtedint. Ao nP =S LA H Ol ESL n-F

9,9-7] 2= (9-3'd-9H-v] 2] = [ 2,

A

S ggdor A ARvEIYYE o]fste A 3TE 3-b]eAE-6-Y)-
9H-E] 2.7dl 10,10-T) ALl = 19.8g(5& 67.6%)S AJvh. 22l o] 3gE2] NR dlolelE = 60 YeERHS
t}.

A ‘Eﬂoq 1

A7) #Add 9, 12, 13, 14, 16941 Alx=¥ 9,9-0]2=(9-dE-9H-3] 2] = [2,3-b]

N =-6%)-91-E] 2.2+l 10,10-1
SAlolE | 9-(9-o|F-9H-T] | £ [2,3-b] N E-6-Y)-9-(9- D-9H-T] &) £[3,4-b] A E-6-Y)

A)-9H-E| &4 10, 10-

oS Akl =, 9-(5-ol &-5H-3] 2] 2[4, 3-b] Q1= 1-8-)-9-(9-o E-9H-7] 2] ;= [ 2, 3-b ] Q1 &6~ ) -9H-F] . 2l
10,10-t) S Afe] =, 9-(5-oll &-5H-3] 2] % [3,2-b] 9] 5—8—01)—9—(9—01]%—9H—§4E]E[Z,S—b]cd%—G%l)—%—HEJJ‘ﬂ
10,10-t]&AFe1 =, 9,9-H] 2= (9-(2-o & A)-9H-T] 2] = [2,3-b] Q1 E-6-U)-9H-E] 2. ¢l 10,10-T] &APe] =l o

g Wxd =4S Wristel o Ads s & 190 ‘JrE‘rLHQiE‘r.

£ 1

A UV max PL max |HOMO LUMO M=z | Ti TID Tm Tg

(nm) (nm) (eV) (eV) (eV) (eV) () (©) (©)
Ao 9 304, 337, 350 370 5.6 2.18 3.42 2.95 370 331 215
3HAJ o112 304, 340, 351 365 5.7 2.19 3.51 2.97 372 330 210
A o 13 304, 340, 351 364 5.7 2.20 3.50 2.98 366 332 213
3HAJ ol 14 304, 340, 351 367 5.6 2.16 3.44 2.98 365 325 209
4] o 16 300, 330, 341 360 5.8 2.17 3.63 3.01 355 340 220

UWnax © 2#Ezre @ Ao]28 SevEaeyy 541 229 55344
Plnax : 2#E=g @ Alo]2Y B2y 41 29 Wy

HOMO, LUMO, WM=X] @ ~HEZuE 9 Alo|EY HEYEZZEE S48 B4 #1714
= 740 >3.0eVe] ¢tol= WHE Z(wide band gab)S 7FAoF 31).

A
ox
;y:
2
o
o
o
=

AEznE % Ale]gy EEEdRRE SAHE 249 AT AHA(Triplet energy) (77KelA 133
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TID : &2 9] degradation &% (TGAZ =3 &<l)
Tm : €84 (melting point)
2

Tg :

=] o]%_l,:_

e wet 4 TAE 28] AT AdUA(THZF a4 =1E 22 (d5 549, Firpic) o 453
AUAN(2.7 eV BT 2 g 7HAaL Qo] &R dlvx] doj7} dojd 4= glom, EF 170T o9 Tg=

47 gye 7 9l

10 719-& W WAo] GG 201k AES AEYH F AL, 1B AF Aol AT F ol

= 0
2~ 9FHo] 1X10-6 torr7F HEE 3 & o= [T0 9o BFrE$5Co % NPBE 40mme] FAZ A9sta, 1 9
of WFFow 7] el 9olA Azd 9,9-0]2(9-E-9H-] 2] = [2,3-b] 1 E-6-)-9H-F] .75l 10,10-T] %
Apol=ot mAESL [FINIr]E =HES 2 5% 11%= 20nme] FA= Adussict. o1 5 7] &35 45l
TPBIE & S&ate] 50mm FA9] AA ¢55& 4sta, AAFUSA LiFE 1.0me] F7= Asar, A
2] Al 500nm o] FAR Aduste] frEFaAE AxsAT. oo]A olFe Wi W 548 Hrhsho]
a2 ARE 7] & 20 UESATE.

AN 6] 2

B FAdel 12004 Ax" 9-(9-E-9H-7 2] = [2,3-b] 1 E-6-U)-9-(9-° E-9H-7] ] = [3,4-b] A E-6-Y )-9H-
oA 10,10-0)$Abe] B8 M PF] EAER AgSYT AF We A 15 BAsl sgon, 1 2
& 37] 3 20 vpehnTH

A A o 3
A7 FAdd 13014 AFzH 9-(5-ol"-5H-9] 2] =[4,3-b] A= 1-8-2)-9-(9-o| E-9H-T] & = [2,3-b] 1 E-6-L )~
OH-E] 2. %dl 10,10-H Akl BE WdT e S2ER ARGSla AdWHe Al 13 sdsiAl sigled,

Ang 7] F 20 et

AN o] 4
B7] FAdel 14eA Alx" 9-(5-E-5H- —431 [3,2-b]1E-8-4)-9-(9-o &-9H-F & =[2,3-b] A E-6-¥ )-9H-
oA 10,10-0 Aol B8 M PF] EAER AgSYT AF We A 1% BAsl sgon, 1 2

PP o 5

A7) G 16014 Az 9,9-1] 22 (9-(2-o 2 & A )-9H-3] 2] = [2,3-b] A E-6-L)-9H-E] 2% dl 10,10-T] &A}o]
g g3 BAER A8AUT A9 P ANd 1} FAA AeH, 1 AHE 7l £ 200 e
At

Hlulo 1

AAel 19 BAT B4 2 Sl WHF TAED aCP(1,3-42 (HHED) WA BAL AET
geistel R/IMBRAE A, VR o5 B WY 542 Brisel 1 A%E 5
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¥ 2
[0187] S EINly AFUE AFas AHas FAaE 3
[V] [mA/cm2] Cd/A [Lm/W] [%] [Cd/m2]
A 1 6.1 6.3 15.22 7.29 9.31 1000
A4 2 6.0 5.9 15.50 7.78 11.20 1000
AAld 3 5.9 5.7 17.34 8.35 13.4 1000
A4 4 6.0 6.0 16.27 7.69 12.10 1000
AAld 5 5.6 5.5 20.31 9.29 15.32 1000
Hlale] 1 6.71 14.1 6.80 3.21 3.86 1000
[0188] oo Ao} o] mHI WM AA HAHo AATZE MAFHJAT, B AHE 7S HA] oo g ol s}
w B e AAs Hour] e He UldlA gE] dyo] &3te Ve wokollA B AAES TR Al
o&) thkst WA 4ol JHed Ao, B dyel HAe V|ed HIWE HEE ATHAY 71Ed A
el o3 e of & Aot
Rso HYF
[0189] 10: 7]

200 of== A5
300 4F FUF
40: 4% FFS
50: WFT

60: AAt +ES
700 AR AT

80: MA= A=
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