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mL, H0 20 mL PaL 12A]12F g7t &5 anksie] REGAIRAT. whg FE 5 00 0 FAE o]&sto] SEgE & &

AR A (N-HEXANE : EA)ste] 31§t 18 6.6 g (& 66%) F53t3ict.

i
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7.04/m, 6.98/d, 6.77/m, 6.43/d, 6.26/d, 5.90/m, 5.80/m, 4.58/s, 3.78/m) 2H(7.52/d, 7.51/m, 733/d,
7.23/m) 4H(7.25/d)
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Phenoxazine (10 g, 0.054 mol, sigma aldrich), 1-bromo—4-phenylnaphthalene (18.35 g, 0.065 mol, sigma
aldrich), Sodium tert-butoxide (10.38 g, 0.108 mol, sigma aldrich), Z=w}] Pd(dba), (1.55 g, 0.0027 mol,

sigma aldrich), tri-tert-Bu-phosphine (1.09 g, 0.0054 mol, sigma aldrich)ol] Toluene 200 mLE Yil 100
TollA 4A17F Bt wRHkste] RESA AT, ¥bE T8 F H0 : MCol| S&ElE ¢ & A-7gdA (N-HEXANE : EA)3S}

o] <F7H 3-1>% 16 g (58 76.5%) F53k31t).
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Br O
B(OH),
0 O — o0
Cl Cl
Cl @]
3-3

10-bromo-1,8-dichloroanthracene (10 g, 0.031 mol, Yurui), phenylboronic aicd (4.49 g, 0.037 mol,
sigmaldrich), potassium carbonate (8.48 g, 0.061 mol, sigma aldrich), Pd(PPhs), (1.77 g, 0.0015 mol,

sigma aldrich), Tol 200 mL, EtOH 40 mL, H,0 20 mL 23 12A]17F ot 3t&F wuksle] wreAzc), v 28
FHO0 : MCE o] &3t ZE2YE 3 T AYAA (N-HEXANE : MO)sle] <E=71A] 3-3>2 7.8 g (& 78.7%) +

» (-son )
oy O = OO 0
) Csom &y 30
Cl Cl
g 3

=24 3-3 (10 g, 0.031 mol), =%FAl 3-2 (17.64 g, 0.037 mol), potassium carbonate (17.10 g, 0.124
mol, sigma aldrich), Pd(PPhs)s (1.79 g, 0.001 mol, sigma aldrich), Tol 200 mL, EtOH 40 mL, H,0 20 mL ¥
I 12A417F FF 3R wdtste] dEZAIF T, B8R TR F H0 ¢ EAE o]&3te] TEE ¢ = AHAGA (N-
HEXANE : EA)3kel SHgHE 38 10 g (& 50.7%) F53tsich.

H-NMR (200MHz, CDCls): & oppm, 1H(8.49/d, 8.27/s, 8.07/d, 7.87/d, 7.78/d, 7.61/d, 7.54/m, 7.53/m,
7.45/m, 7.43/m, 7.34/m, 6.98/d, 6.43/d, 6.26/d, 5.90/m, 5.80/m, 4.58/s, 3.78/m) 2H(7.52/d, 7.41/m,
7.04/m) 3H(7.79/d) 4H(7.51/m)

LC/NS: m/z=637[ (M+1)']
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[0102] A 3 seHE 20 §A4d

[0103] (1) Az 1 FZHA 20-12] 34

Br

B(OH)2 O
@ TO — o

[0104] 201

[0105] 1-bromo-4-iodobenzene (10 g, 0.035 mol, sigma aldrich), 4-(Dibenzofuranyl)boronic acid (8.99 g, 0.042
mol, sigma aldrich), potassium carbonate (12.21 g, 0.088 mol, sigma aldrich), Pd(PPhs)s (2.04 g, 0.002
mol, sigma aldrich), Tol 200 mL, EtOH 40 mL, H.0 20 mL Y3l 12A17F B<F 357 wwksle] drS AT, HES-
F3 % HO : EAZ o] &3l ZEIYES 3 T AHAA (N-HEXANE : EA)3le] <F7HA] 20-1>2 8.7 g (57&
76.1%) S53FATE.

[0107] (2) Axd 2 @ Z7-A 20-29] A4

§ @
i O e - O
N
CLD A O~
20-1 20-2

[0108]

[0109] Phenoxazine (10 g, 0.054 mol, sigma aldrich), &ZFA 20-1 (20.94 g, 0.064 mol), Sodium tert-butoxide
(10.38 g, 0.108 mol, sigma aldrich), Zv] Pd(dba); (1.55 g, 0.0027 mol, sigma aldrich), tri-tert-Bu-
phosphine (1.09 g, 0.0054 mol, sigma aldrich)ell Toluene 200 mLE ¥ 3L 100 TollA] 4A17F &<t wHlksle] =
SAAY. 9 T2 H0 - MCl TR E Sk F ARAA (N-HEXANE © EA)ste] <FHA] 3-1>% 17 g (78
76.6%) T53FATE.

[0111] (3) Az 3 @ Z37HA 20-39] 34

[0112]

[0113] =24 20-2 (10 g, 0.023 mol), THF 200 mL ¥ i1 -78 TCollA 30% %<t wwk3dlal n-Buli (3.3 g, 0.052 mol,

sigma aldrich)& 23] #7138k & triethyl borate (10.25 g, 0.070 mol, sigma aldrich)E #H7} 3 & wql
sto] WhSAIZITH, WhS F8 5 A2 o® 223 HCI, ethyl acetate, H0E o]&3dte] F&ata 2RSS &
HAl 20-3>% 8.5 g (& 70.5%) F~538F3it).

/\
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[0115]

[0116]
[0117]

[0118]

[0119]

[0121]

[0122]

[0123]

[0124]

[0126]

[0127]
[0128]

ZIHSd 10-2019-0082590

(4) Azl 4 : 3}

ik
)
S
o,
ot
o,

B(OH
al cl 2

33

o @ S & VP
% Bofm ~ Bl

20-3

=2+ 3-3 (10 g, 0.020 mol), =7FA 20-3 (19.12 g, 0.024 mol), potassium carbonate (19.24 g, 0.139
mol, sigma aldrich), Pd(PPhs)s (1.79 g, 0.001 mol, sigma aldrich), Tol 200 mL, EtOH 40 mL, H;0 20 mL ¥

12N B B wkste] RESAIZTE. WhE FE F HO0  EAE o] &3dte] FTREE & T ALAA (N-
HEXANE : EA)3le] 318E 208 11.4 g (58 54.3%) S5s3I},

H-NMR (200MHz, CDCls): 6 ppm, 1H(8.27/s, 7.89/d, 7.87/d, 7.85/d, 7.81/d, 7.79/d, 7.66/d, 7.61/d,
7.45/m, 7.43/d, 7.41/m, 7.34/m, 7.32/m, 7.04/m, 6.98/d, 6.43/d, 6.26/d, 5.90/m, 5.80/m, 4.58/s,
3.78/m) 2H(7.57/d, 7.52/d, 7.51/m, 7.38/m, 6.66/d)

LC/NS: m/z=677[ (M+1) ]

4

Rt

Ao 4 3BISHE 42

(D) Az 1 FHA 42-19] A

: ()
U

42-1

9H-carbazole (10 g, 0.060 mol, sigma aldrich), 4-bromophenylboronic acid (14.4 g, 0.072 mol, sigma
aldirch), potassium carbonate (20.66 g, 0.150 mol, sigma aldrich), Cu (7.60 g, 0.120 mol, sigma
aldrich), dibenzo-18-crown—-6 (2.16 g, 0.006 mol, sigma aldrich), DMF 200 mLE ‘il 12A]7F 3HFaldks}ho]
S A Z T, Bk 8 5 FEske] YA (N-HEXANE : MO)3ke] <F7ha] 42-1>8 13.1 g (58 76.3%) +5

s,

(2) Az 2 @ FZA 42-29] FHA

. oY N
om0l ol

10-bromo-1,8-dichloroanthracene (10 g, 0.031 mol, Yurui), %Al 42-1 (10.57 g, 0.037 mol), potassium
carbonate (12.72 g, 0.092 mol, sigma aldrich), Pd(PPhs)s (1.77 g, 0.0015 mol, sigma aldrich), Tol 200

mL, EtOH 40 mL, H,0 20 mL ¥il 8AIZF &<t 37 wtslo] PH-gAZATH, g T35 F HO0 : MCE o]&3ld F

21 3 & A-AA (N-HEXANE : EA)3FS] <F7HA| 42-2>S 11.4 g (& 76.1%) S~53F3iTh.

dr
il
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[0130]

[0131]
[0132]

[0133]

[0134]

[0136]

[0137]

[0138]
[0139]

[0141]

[0142]

[0143]

ZIHSd 10-2019-0082590

(3) Az 3 : 3FE 429

§of ool
c CLoo O

Rt

4

B(OH), B(OH),
2

S7HA] 42-2 (10 g, 0.021 mol), Z=ZFAl 1-2 (8.57 g, 0.025 mol), potassium carbonate (12.73 g, 0.092
mol, sigma aldrich), Pd(PPhs), (1.18 g, 0.001 mol, sigma aldrich), Tol 200 mL, EtOH 40 mL, H,0 20 mL ¥

AL 12413 FoF S kst wREAIZTH Wk TR S HO0 ¢ EAE o] &3t FTEREE I T HAHAAA (N-
HEXANE @ EA)3lo] 81etE 428 8 g (54 57.7%) 533t

H-NMR (200MHz, CDCl3): & ppm, 1H(8.55/d, 8.27/s, 8.12/d, 7.94/d, 7.87/d, 7.63/d, 7.61/d, 7.50/m,
7.45/m, 7.43/d, 7.34/m, 7.29/m, 7.25/m, 7.04/m, 6.98/m, 6.77/m, 6.43/d, 6.26/d, 5.90/m, 5.80m, 4.58/d,
3.78/m) 2H(7.68/d, 7.23/m) 3H(7.79/d, 7.33/m)

LC/NS: m/z=676[ (M+1)']

Srdel] 5 3HekE 53 §A

(1) Az 1 : F30A] 53-19] ¢4

Q &
/
—N — 0 o) =N — o]
DO Tt — SOk
7 N\ 7\

531

2-(4-bromophenyl)-4,6-diphenyl-1,3,5-triazine (10 g, 0.021 mol, TCI), Bis(pinacolato)dibron (8.50 g,
0.034 mol, sigma aldrich), potassium acetate (5.06 g, 0.052 mol, sigma aldrich), PdCl,(dppf) (0.57 g,

0.0008 mol, sigma aldrich), 1,4-Dioxane 200 mL ¥ 3L 95 TollA 12A]17F ot wwksle] HE-SA|Z T, HbS =
2 %5 H0 Y1 =EBEYE 3 T ALAA (N-HEXANE @ MCO)ste] <F7HA| 53-1>S 8.2 g (& 73.1%)

FEHAT.

(2) Az 2 : F3A] 53-29] 34

y )
=N /O N=
U - OO O
N o] N
5o o )
53-2

53-1

10-bromo-1,8-dichloroanthracene (10 g, 0.031 mol, Yurui), &% 53-1 (16.02 g, 0.037 mol), potassium
carbonate (10.60 g, 0.077 mol, sigma aldrich), Pd(PPhs)s (1.77 g, 0.0015 mol, sigma aldrich), Tol 200

mL, EtOH 40 mL, H0 20 mL 93l 8AIZF b 57 wwkste] whEAIATH, WHg 8 F H0 @ MCE ©] &3t 5
Bal2 3 & AAAA (N-HEXANE : EA)3}e] <F7HA) 53-2>2 13.4 g (& 78.8%) 5313},
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[0145] (3) Azel3 : 33w 539
<0 &
N

B(OH B(OH)2

)

4

[0146]
[0147] =34 53-2 (10 g, 0.018 mol), A 1-2 (7.55 g, 0.022 mol, sigma aldrich), potassium carbonate
(11.22 g, 0.081 mol, sigma aldrich), Pd(PPhs), (1.04 g, 0.0009 mol, sigma aldrich), Tol 200 mL, EtOH 40
L, B0 20 mL €3 12A17F Eot 35 wulsle] vFSA| AT, HHS 28 & [0 : FAS o]&3le] Z=EaE 3 o
AR AZA (N-HEXANE : EA)3to] 313t 535 7.6 g (F856.7%) F+538H3itt.
[0148] H-NMR (200MHz, CDCls): & ppm, 1H(8.27/s, 7.87/d, 7.79/d, 7.61/d, 7.45/m, 7.43/d, 7.34/m, 7.04/m,
6.98/d, 6.77/m, 6.43/d, 6.26/d, 5.90/m, 5.80/m, 4.58/m, 3.78/m)) 2H(7.85/d, 7.41/m, 7.33/d, 7.25/d,
7.23/m) 4H(8.28/d, 7.51/m)
[0149] LO/MS: m/z=742[ (+1) ]
[0151] dAd 6 : 3E 64 A
[0152] () Az 1 F3IHA 64-19] 3HA
(HO)B
Br -
Vi \ + (HO)zB—\/\i/}B(OH)z —_— _
= ase
- =
[0153]

[0154] 5-bromo-1,10-phenanthroline (10 g, 0.039 mol, TCI), Benzene-1,4-diboronic acid (7.68 g, 0.046 mol,
sigma aldrich), potassium carbonate (13.34 g, 0.096 mol, sigma aldrich), Pd(PPhs)s; (2.23 g, 0.002 mol,

sigma aldrich), Tol 200 mL, EtOH 40 mL, H;0 20 mL ¥ i 4A17} =S¢t 35 wulste] WA Z T W2 28
FHO0 : MCE o] &3t =HEE 3 5 AYAA (N-HEXANE : MO8t <ZF7HA| 64-1>S 9.2 g (58 79.4%) +
5313t

[0156] (2) Az 2 @ Z37HA] 64-29] 3t

(HO),B

Br 2:> cl —<%>\ (_\\ N
2aTave

[0157]

[0158] 10-bromo-1,8-dichloroanthracene (10 g, 0.031 mol, Yurui), %4 64-1 (11.05 g, 0.037 mol), potassium
carbonate (10.60 g, 0.077 mol, sigma aldrich), Pd(PPhs)s (1.77 g, 0.0015 mol, sigma aldrich), Tol 200
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[0160]

[0161]
[0162]

[0163]

[0164]

[0166]

[0167]

[0169]

[0170]

[0171]

[0173]

[0175]

[0176]

ZIHSd 10-2019-0082590

mL, EtOH 40 mL, H,0 20 mL ¥ 8AIZF F<t & s

‘o
S
El
ur)
ol
ol
£
z

O
>
of\

SARA Wb FE F U0 0 MCE ol &3t F
w2E ¢ F AYAA (N-HEXANE © EA)SE] <F3HA] 64-2>5 12 g (& 78%) F53F3itt

(3) Azl 3 : shgh= 649 A

o) »
A oYy
g BENGSe

B(OH), B(CH),

642 12 64

=74 64-2 (10 g, 0.020 mol), =7#] 1-2 (8.35 g, 0.024 mol, sigma aldrich), potassium carbonate
(13.78 g, 0.100 mol, sigma aldrich), Pd(PPhs), (1.15 g, 0.0010 mol, sigma aldrich), Tol 200 mL, EtOH 40

mL, H,0 20 mL W3l 12A13F F<b 87 wRkste] whgAIZt, W TR F H0 : EAE o] &3t FEEE & §
AAQA (N-HEXANE : EA)3le] 83HE 645 7.5 g (5854.5%) 5313t}

H-NMR (200MHz, CDCl;): & ppm, 1H(8.48/d, 8.38/d, 8.27/s, 7.87/d, 7.79/d, 7.65/s, 7.61/d, 7.45/m,
7.43/d, 7.34/m, 7.04/m, 6.98/d, 6.77/m, 6.43/d, 6.26/d, 5.90/d, 5.80/m, 4.58/m, 3.78/m) 2H(8.83/d,
7.58/m, 7.33/s, 7.23/m) 4H(7.25/d)

LC/NS: m/z=689[ (M+1)']

ERE

Eodge)] w2 Ao, ITO ¥ A= 25 mm X 25 mm X 0.7 mm9] 8 713 9o, IT0 1 HFo] ¥
& 2 71%E ol gste], W Wl 2 mm X 2 mm A777F HEE HHYS ¢ AHESH. JHEs 2

25 110 @
T AWl FRE F Aol ol 1 x 10 torr7k HES & F F718S 7] 100 9 ) T2 718
3} B4E FHsAT

el wE [3eA T2 7Ese sdes BEse T2E =R s, shlek 2 a4 FRE %
= AN TF fIAAE RS Axste], T 28 TR W 5A4E SAsIY.

IT0 / BAEFY%Z (HAT_CN 5 nm) / B35%5% (-NPB 100 nm) / AXAAZ (TCTA 10 nm) / ¥3= (20 nm) /
AR445 (201:Liq 30 nm) / LiF (1 nm) / Al (100 nm)

110 %7 Aol HATONE ol§3tel 5 m T2 437Y3S 1% 934 PHow FYsa, oF 4358
F WBE A8l Qe AAANZE CAE 10 m FAZ Auasit. B, w350 s2= 3%
o

gRe @ UWoR YN 94 13, 12, 20, 27, 35, 42, 53, 648 AMSSHL, RUE PR
Agstel FAZE 20 m ARt HES WBF S AFsrdon, FE A4 ¥

(
533) 30 nm # LiF Inm 3 &Fv]F 100 mE SHH o2 Adosto], F7]dATFLAE A3

Adgaoas 47 AAd 19 Azl A 23T a2 2 @ wE 3}
[e)

@ 714
g3he e Astus, 47 AAd 13 FAsA A=A
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[0178]

[0179]

[0180]

[0181]

[0182]
[0183]

A 1 22 AAd 1 WA 99 g 54

A7) AN A we AZE F7 AAR G LA
2 Ty EEE FPAYUL,

Research)& ©]&3}o] A<}, A/

ource meter (Model 237, Keithley)2} 3| %=A

AF WE 10 mA/ar7b HE A

ZIHSd 10-2019-0082590

| (PR-650, Photo
o]_% u:rL% ;‘ﬂ%]_u

= (s} — H
o & Hosle] vuse. A3 7] [ 119 Zoh.
¥ 1
A A] 4 3= S AE i cd/A QE(%) CIEx CIEy
1 31841 4.15 7.30 5.79 0.144 0.154
2 3181413 4.18 7.23 5.72 0.144 0.155
3 3}slal12 4.19 7.27 5.76 0.144 0.154
4 31824120 4,22 7.22 5.71 0.145 0.156
5 3}a2l27 4.23 7.18 5.68 0.145 0.155
6 3}3124135 4.26 7.11 5.62 0.145 0.154
7 3182142 4.17 7.29 5.78 0.145 0.155
8 3}314153 4.18 7.24 5.71 0.144 0.154
9 3}sl2l64 4.18 7.20 5.70 0.145 0.154
Hlale] 1 BH1 4.24 5.2 4.34 0.147 0.156
A7) [F 119 vE 235 Ased, 2 dye e g sgES 4 Agsk Aol FE A
o, tEF FEAE STAE EZ ALES A9)d H|ste] W@F g& } &5 F 5do] dA43
s gelst 4 gl
r o 9 & o e
N)\[(CN Q I O L/ N
wl Joof oo HP e |
NﬁCN Q OO . g O \ N/©/ \©\
g O
[HAT_CN] [ a-NPB] [BH1] [BD1] [201]  [TCTA]

)

—_
s

=

g
~

m(Ar2)—(L2)g— N

(L)p—(Arn
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