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Wz, Fg7)|a 9o AF-8-2A}o]=(indium tin oxide; IT0)9} 72 EAL Zslo] SF(anode) S 3

(2) 7] &= ol AFFUYS Uil hole injecting layer)S FA3t). AFFUASTL T2 317] 3}sh1-12
FA = 4,4'-bis[N-[4-{N,N-bis(3-methylphenyl)amino}phenyl]-N-phenylaminolbiphenyl (DNTPD)ZE 10nm
2] 60nm FAZ F2sle] PAFHTE.

3) &, 47 A
7] ea1-27 %A

ato] Jg et

of
-

=

FAZ Ao AFFEZ(HIL: hole transport layer)S A}, olgdt AFFE2L
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(4) e, A7 AEFFEE Ao H3E2= (EML: emitting material layer)S dASt). ojw] o wat
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(5) te, A7) wFEAZS Ao HAA44Z(ETL:electron transport layer) @ HAFFJS(EIL: electron
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(1) 3-bromo-N'-(3-bromobenzoyl)benzohydrazide®] A4

DAL}

23] o] H
Br MHzMNH 2 Br N B
M r
| cl - H

/

N-Methyl-2-pyrrolidone
0°C —»RT (16h)

500mL o] Z2}~=(2-neck flask)oll 3-bromobenzoyl chloride (6mL, 0.0438mol)<S N-Methyl-2-pyrrolidone
(200mL) el ¥& & 2087F WHHAI AT, Hydrizine monohydrateZ 0TColA HFH3] FH7lsl & Ar2oA wHEAR
Th(overnight).

58 Yol ukg 4 3 AMAE I HES ethylacetate/petrolium ether (EA/PE)E A|F3E F HZx3le] 3
2LA) 91 3-bromo-N'-(3-bromobenzoyl)benzohydrazide 7gS LAtt. (F&: 80.3%)

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

w2219

:ﬁ\ H Aniline, PClz, ©

Br = N’N\; Br 1,2-Dichlorobenzene & I\ S
| N )
N B g S s O

G 2, / S
] 100°C 190°C Br ﬁf Br

250mL o] ZetAFo] A HESAA A& EZAT aniline (4.21g, 45.2mmol)E 1,2-dichlorobanzeneo] 4
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< ¥ PCL;E s8] YAk, 100CoA 2413 WFAIZL $ 3-bromo-N'-(3-bromobenzoyl )benzohydrazide (3g,
7.54mmol)E YL 190CE 7FE&QIth. o] F 190Coll A 24A13F &<t 3, wukshgict.

Aoz 23 S 2N HCl (50mL)E ¥ CHCLE F&3 s &2 AT, F38] 2:3¢1 Ethyl
acetate/CH,C1,= columndle]l A 1A)¢1 3 5-bis(3-bromophenyl)-4-phenyl-4H-1,2,4-triazole 1.6g2 AAt}.

(=% 50%)

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

uho 213
» )
L. Cul, Nal, g
"’{\1'5 = trans-M M “dimethyleyclohexane-1, 2-diamine ff\ﬁ rlu 7 \ﬁ
M b > R
E b A 1,4-Dioxane 110 oC 48 h £ TR T SN
Br N=N Br 1 NN |

250mL o]+ &g}~ 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. O2mmol)§ 1,4-dioxaneo] =¢2lt}. trans-N,N' -dimethylcyclohexane-1, 2—diamine
(0.136 g, 0.97mmol)E Y& & 110CoA 48A17F Fot g5, wwkalit). 1,4-dioxaned A|A 3+ 3 CH.LL.=

== A filter® &S A AU, CHCl,E short columng 3] 1A Ae)o] 3,5-bis(3-iodophenyl )-4-
phenyl-4H-1,2 4-triazole 2.0g& 4Utt. (F&: 83%)

(4)  F&A5-1  FIFE (9,9'-(3,3' (4-phenyl-4H-1,2,4-triazole-3,5-diyl)bis(3, 1-phenylene))bis(9H-

carbazole)) ¢ A

g‘]:z‘ﬂ—/k] 4
N
d 2
= e % | ==
0 /U\ ey i ) N \/j'\ ]
& BN (o W P Vit ¥ ™ g
W N )/ wa N-N N
B}%’ N . Cu, K:COs, 18-Crown-6 AN S
r N-M ¢ 1.2-Dichlorobenzene |
Wi #

250mL o] Z8F23° 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,CO; (1.43g, 10.4mmol), 18-crown—6 (0.073g, 0.277mmol)ZE ¥

~

1,2-dichlorobenzene 50mL= =Th. ©o]ZF 180ColA 24417 &t 37, kST, WHEEH & solvent
AdSsFsla HF3H] 5:1291 #+ toluene/ethyl acetateS ©] 83} columnstSitl. o]% CH.Cl,2 A2}

aAQL BhekA5-1 BFehE 0.40ge AUTE. (& 36.4%)

Mk
U

2
flot
3

2. steba5-2  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

E]l—_Q_}\15

AT P ~ N O YA
)\/\W v\/‘l\ Cul, KaPO4

: N S
trans-1 2-diaminoeychbexans d | P

1. 4-Dioxane 120 °C

250mL o]+ ZElxIel| v ¥re23S8 Fa] FAE  3,5-bis(3-iodophenyl)-4-phenyl-4H-1,2,4-triazole
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(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 =T}, o]F 24A17F E<F

5, WHEEFATE. HFSEE T solvent S TUEFSL EE CHCl.2 ©]83F9] short columndtSith. o]
33 1:1¢1 CHCly/ethyl acetate® o]83}o] columndle] X wAQ 3e25-2 33E 1.20g2
(8 52.4%)

_Hi__
o}

ne
2

3. shelal5-3 SHirEel §A

(1) 6-(triphenylsilyl)-9H-pyrido[2,3-blindole®] ¥4

o
N-8-2l6
| G-
5% 20 i 7S
72 =
l 7 \(J f\l"l\(N b M=y,
=, \‘\\_/ d A N T
(/’\11 \/i ﬁ " ! M= N L.//>
/\ ek = cul, KsPGy P
N=N A trahs-1.2-diaminocy ckahaxane u\)

1.4-Dioxana 120 %C

250mL o] ZetAFo] A "3 Fd AW 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 ¥ 1,4-dioxane 100mLE =Tk, o]F 2447k FotF 37,
WHEATE, WEER F solventES HUEFI CHCl, S o]&3Fe] short columnsdtith. F3jH] 1:191

CH,Cly/ethyl acetateE ©]83}¢] columndle] 3 A9l 6-(triphenylsilyl)-9H-pyrido[2,3-blindole 1.25g
= YA (5 77.6%)

(2) 338t2)5-3 33HE (9-(3-(5-(3-9H-carbazole-9-yl)phenyl)-4-phenyl-4H-1,2,4-triazole-3-yl)phenyl)-9H-
pyrido[2,3-b]indole) 9] A

[e)
B8 47
| =%
=
) p C ~y a4 @ =
L N | Y S EY = NN Ty
Ve A W L . T W N =
I e N s = N AN M=t N
i X Cul, KgP Oy - R b
l\'\/ trans=1 Z-diamino cyclohexane S | !,\//

1.4-Dieocane 120 "C

250mL o] Z8}2Fo] 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 ¥l 1,4-dioxane 100mLE ZHATF. o]ZF 244 7F Hob &7, wukslPT). HFS%£8 & solvent=
SRty CHClyS ©]83F9] short columne 3Fc}l. o]F Hujml 1:1¢1 CH)Clo/ethyl acetateE ©]-8-3}¢]

columndled 32 wAjel 3}sk2l5-3 3}3tE 1.25¢S AUTt. (58 77.6%)

AeEd FAhd s oA EA5-1, 5-2, 5-3 Q1 FF=Eo W AFEHD F2RT) 2 A2(RD)
PL(photoluminescence) 2HEHS % 24 WA &= 2co Z=AISHTE. T3k F <133 315tE< CBP 2 317] 3}
g-269] mCPet 3}8h2l5-1, 5-2, 5-3 Q1% stEe 548 ;1o YERAT.
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3 l:st/\l 6

oW OWe'

4 >/[[j [\L(/

\_/
mCP
F 1
N s [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
3}sk2l5-1 3}3HE 348 438 3.57 -5.71 2.94
s}sh25-2 33HE | 357 424 3.48 -5.99 2.93
3}sk215-3 3}3E 351 424 3.54 -5.73 2.93
X1 BAR|= vl o], E dtwo] 1y SE2 FE % 3gE<l CBPel| HlF =2 AEd odUX|(E
PNE g, &, vad 52 Aed oduXE 2t Q1% SEQ nlPY 5 59 ATd U E ZHA

3
o
fol
el
tlo
P
X
)
uj

T Aol AF-"-2AFo] =(1T0)% 9] ¥ WAo] 3mm X 3om 717} HE= HEY3 T AT, Ay A
o] §keo] oF 1x10-6torrdl AElelA 7] 1T0 5 “doll HAT-CN (hexaazatriphenylene-hexacarbonitirile, 50
A), NPB(550A), TAPC(di-(4-(N,N'-ditolyl-amino)-phenyl)cyclohexane, 100A), Z2E 3}8+2]5-1 3}3HE +
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