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g}a/ﬂ 5-3

1. 8}g2)5-1 slstEo &4
(1) 3-bromo-N'-(3-bromobenzoy!l )benzohydrazide®] ¥4

WAL}

7 MH,NH 1 4

B S el — .y . ! Br
| N-Methyl-2-pyrrolidone H

0°C —»RT (16h)

500mL o] Z2}~=(2-neck flask)ol 3-bromobenzoyl chloride (6mL, 0.0438mol)E& N-Methyl-2-pyrrolidone
(200mL) el ¥& & 2087F WA AT, Hydrizine monohydrateZ 0TColA HZH3E] FH7Fsl & Ao A wukAH

}(overnight).

rlet

S 4o we F2 5 A HIAES ethylacetate/petrolium ether (EA/PE)ZE A3 & A zsle] A

=
aLA)21 3-bromo-N'-(3-bromobenzoy! )benzohydrazide 7gS AUk, (& 80.3%)

(2) 3,5-bis(3-bromophenyl)-4-phenyl-4H-1,2,4-triazole?] 43

E]l—_Q_}JZ

0 orc
H Aniline, PCls, © N
Br | S /JLN’N\FKQ\BT 1.2-Dichlorobenzene ’\i'l N /@
L H ! k\( o B
N-N Br

7
o] 100%C —»190°C - P

250mL o] ZEf2Tol 7] ¥kS-2]lo) AL EZA I} aniline (4.21g, 45.2mmol)<= 1,2-dichlorobanzenec] ¥
L F PClL,E HHS] ¥k, 100CToNA 241 wHkA]Zl 3 3-bromo-N'-(3-bromobenzoyl )benzohydrazide (3g,

7.54mmol)E ¥ 190C=E 7FE3F3itt. o] F 190Col Al 24A1%F &t 85, wHkslglt).
Loz Asl e oN HCl (50mL)E Y3 CHCLZ &3 e 82 AASYT. H3v] 2:32 Ethyl
acetate/CH,Cl, 2 columndle] B A 314¢l 3,5-bis(3-bromophenyl)-4-phenyl-4H-1,2,4-triazole 1.6gS LAT}.

(78 50%)

(3) 3,5-bis(3-iodophenyl)-4-phenyl-4H-1,2,4-triazole?] A

HpO. A3
| o | =
L Cul, Nal, =
./_.5"'\1||| il Ny trans-N N *-dimethylcyclohexane-1,2-diamine 'i,/f\\l i!.l == \.'\.'
) k| - T
l§/\\< TR 1,4-Dioxane 110 oC 48 h <O R
Br M=N Br I NN |

250mL o]+ Zg}~Fol| 3,5-bis(3-bromophenyl)-4-phenyl-4H-1,2,4-triazole (2.0g, 4.39mmol), Cul (0.1g,
0.53mmol), Nal (2.70g, 18.02mmol)Z= 1,4-dioxaneo] *=<21t}. trans-N,N' -dimethylcyclohexane-1,2-diamine

_‘IO_
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(0.136 g, 0.97mmol)E Y & 110CoA 48A17F &t 3, wwkslitt. 1,4-dioxanes A7 3k 3 CH.Cl,=
== AT filter® &S AAS Y. CHCl,E short columng 3to] A Aej2] 3,5-bis(3-iodophenyl)-4-
a3

phenyl-4H-1,2,4-triazole 2.0g% o}, (5 83%)

(4) 3lstAl5-1 e (9,9'-(3,3"' (4-phenyl-4H-1,2,4-triazole-3,5-diyl)bis(3, 1-phenylene) )bis(9H-

carbazole)) ¢ ¥4

3 |:-6L/\14
- i :
& o0 A jﬁ
5 /—\" j/ J‘&\a S St (\\\_! \\ 'f
';\/ i S Cu, KoCOs, 18-Crouns N#
1.2-Dichlorobenzens b /J' L

250mL o] 7 Z2~3o| 3,5-bis(3-bromophenyl)-4-phenyl-4H-1,2,4-triazole (0.80g, 1.76mmol), carbazole
(0.88g, 5.27mmol), Cu (0.335g, 5.27mmol), K.COs (1.43g, 10.4mmol), 18-crown-6 (0.073g, 0.277mmol)E %

3l 1,2-dichlorobenzene 50mLE =t}. o]F 180TolA 24417t B<F g, Wb TE. WH£E ¥ solvent
= 7eERsla Fyv] 5:12 #E toluene/ethyl acetated ©]-83F] columsdttl. ©o]F CH.Cl,= 443

7
o A 39 83451 3FHE 0.40gS It (58 36.4%)

2. 3ea5-2 FEE ((9,9'-(3,3' (4-phenyl-4H-1,2,4-triazole-3,5-diyl)bis(3, 1-phenylene))bis(9H-
pyrido[2,3-blindole)) ¢ A

gl—i?’__/\l 5
N
" |
M P 4 =,
| XIS w LN ] n=
P b /—ul 2 2, M
T N/ = ! i Y T P
\ ;' \ N M NN,
\\’ M il 7
N < Cul, K3POg, 3/\? >
I W= L trans-1,2-diaminocyckbexane \/I | p

1 4-Digxane 120 °C
250mL o]t ZgfAFo A HEE238 E3] A ® 3,5-bis(3-iodophenyl)-4-phenyl-4H-1,2,4-triazole
(2.0g, 3.64mmol), a-carboline (1.35g, 8.0lmmol), Cul (0.208g, 1.09mmol), KsPO, (1.55g, 7.28mmol),

trans—1,2-dicyclohexane-diamine (0.124g, 1.09mmol)E ¥ il 1,4-dioxane 100mLE =% o]Z 24X 7t HoF
5, wHkSIIY. MSFE F solventE LS HOIL #E+ (HLLl2 ©]83F9] short columHO]—OﬂD} o3 H

931 1:1¢1 CHCl./ethyl acetateE o]&3Fo] columndle] 34 Al Fshr5-2 3eE 1.20gS LAT).
(55 52.4%)

3. 5}6_] 15-3 §],6]— /] 6]—/\‘]

(1) 6-(triphenylsilyl)-9H-pyrido[2,3-blindole?d] A

o
P H
s NN | =5
2 il LN
o \il. . AR e \\/\_ ’<
a8 g S
I/,W b N '.\’ Cul, KsPay, P
N-N A trahs-1 2-diaminocy ci hexane | 7

14-Dioxana 120 °C



[0097]

[0098]

[0099]

[0100]
[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

SIHS31 10-2014-0073850

250mL o] Z&2Fo] A HbSA3S E3] A ® 3,5-bis(3-iodophenyl)-4-phenyl-4H-1,2,4-triazole(3.0g,
5.46mmol), a-carboline (0.46g, 2.73mmol), Cul (0.156g, 0.82mmol), KsPO, (1.16 g, 5.46 mmol), trans-
1,2-dicyclohexane-diamine (0.094g, 0.82mmol)S Y3l 1,4-dioxane 100mLZ 53T}, o]F 24A]3F F<F 35,
wykElith, WEEg 3 golventE UEHEL CHCLL,S o83t Short columndtFch. Fyjw] 1:12
CH,Cly/ethyl acetateZ o]€38to] columnste]l 2141 1A|el 6-(triphenylsilyl)-9H-pyridol[2,3-blindole 1.25g

S A, (& 77.6%)

(2) 3}8t2)5-3 3} (9-(3-(5-(3-9H-carbazole-9-yl)phenyl)-4-phenyl-4H-1,2,4~triazole-3-yl)phenyl)-9H~
pyrido[2,3-blindole)?] A

wLo 217

= =

a »
Ch\(\ 4 ! \/\ /Cj\) G/iii‘\j\ "_\ Q\/ i \/C/L ’L/

L .“ J e ' Nl
Gul, KsPOy j/\l =~
]'\/ trans=1 2-disminocyclohexans U L\/'

1.4-Diexane 120 "C

250mL o]+ Z#}2~Fol 6-(triphenylsilyl)-9H-pyrido[2,3-blindole (1.25g, 2.12mmol), carbazole (0.424g,
2.54mmol), Cul (0.122g, 0.64mmol), KsPO, (0.904g, 4.24mmol), trans—1,2-dicyclohexane-diamine (0.073g,

0.64mmol)S @il 1,4-dioxane 100mLE =HATF. o]F 2447t F<F 7, WL, HEeE8 3 solvent=
ZASHL CHCleS ©o]83Fo] short columns 3o}, o]F 3] 1:190 CHCly/ethyl acetateE ©]-&3}o]

columdte] A ¢l 3}8215-3 3}3E 1.25gS ATt (58 77.6%)

A Aol s Aol FEA5-1, 5-2, 5-3 <133 FHFE UV A2FEHI AF2(RT) = A-2(RD)
PL(photoluminescence) AHEHS & 23 X & 2co ZEAsIQT). mak, = <14 33+=< CBP 2 s17] 3
st2162] mCPet 348h415-1, 5-2, 5-3 Q1% stEe] 545 Hld UehlAt

g_];SL/“ 6

» K/LJ
(/

14
N #

mCP

X 1
Naps [nm] Ap./77K [nm] Band gap energy|HOMO [eV] Er [eV]
[eV]

CBP 359 478 3.46 -6.0 2.6
mCP 355 421 3.4 -5.9 2.95
s}el25-1 3H3HE | 348 438 3.57 -5.71 2.94
3}sk2l5-2 3}stE 357 424 3.48 -5.99 2.93
sleb2]5-3 33HE |351 424 3.54 -5.73 2.93

o o
o
. =
re
o
Lot

e

IJ
2
@)
o
o
=2
=
o
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SHES o] gate] frlEdriele=aE AFshE AFl,
R olE o] &F fFrIEFelLEaAY] Hes Hlul AW

719 2ol AFE-"H-ZAP|=(1T0)5 2] & WA o] 3mm X 3um A77F HES e & AAAh. AT A
o] d&Ho] ok 1x10-6torrl AEjelA A7) 1TO 5 Abell HAT-CN (hexaazatriphenylene-hexacarbonitirile, 50
A), NPB(550A), TAPC(di-(4-(N,N'-ditolyl-amino)-phenyl)cyclohexane, 100A), ZTAE 3}sk25-1 3}3+E +
=HE  FCONIr(15%)  (300A), TmPyPB(1,3,5-tril[(3-pyridyl)-phen-3-yl]benzene, 400A), LiF(5A),
AL(1000A) 9] =AM 2 Autslodct.

A3 o2

APl 52ES A FAF THOR 2AE YoM, SAER RH52 FTEL olEHAT

A3 3

Aels 32ES Astal FAT THOR 2AE FAdglon], SAER 88453

[
e
i
o
-
oo
ob
¥2
o

H| 1l of
Ao TAEE At T3 FAHOR AAAE FAsIYen, ZAER A7 F8HAee n(PE
o]-g-3k3lrt.
A A1, 2, 33 vade] AdARE ol H#20 LERRRITE.
3 2

Volt [V] J [mA/cm2] YA E & [%][{Cd/A Lm/W CIEx CIEy
H] 3 o] 6.05 10 7.7 13.5 7.1 0.156 0.285
A3 o1 5.5 10 10.9 17.5 10. 0.155 0.243
A3 42 5.21 10 12.9 19.3 11.6 0.156 0.244
213 o3 5.01 10 13.8 20.1 12.6 0.154 0.245
W20 A & = 9l vpel Zo], B dyo 3 SFES o83 frddtelerazE T AF SEL
mCPE o]&3F fr|ddtiole=pxtel Hd) WP EE, T AL, APAAM 53 EAS e, S, vay
22 4 dUAE 2 E2EQ nCPd vldl, @HEasE, T WY, AgdA 5% EAZE 2] uid
AAY FEE 2FEAY GAS T frd g ol e = AAE AEsHA "k

LAlgh mpeh o] gl e =aAte AR wiFReE Al 19 Al 2 71 =ADI, A7 A1 3 A 2 7
H(M AL Atelo] @] Qe WETe] e =(E)E 33T

A7) dvel e =(E)e ¥ 98-S e Al 1 A5(110), 5 9S sk Al 2 A5(130) ® A7 A1 =
Al 2 A=(110, 130) Atelell AW = 71835 (120) &2 o] FoIXIt}.
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