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[0075]

[0076]

[0078]

[0080]

[0081]

[0082]
[0083]

[0085]

[0086]
[0087]

[0089]

[0090]
[0091]
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2 19, e, a9 A
W97k #HE AL o,

g

b~

)

il

T >
2

il

2
SO

(1) Az 1 -

: . B(OH)Z .

2] 1-19] §A

ofN

1,8-diiodonaphthalene (10 g, 0.026 mol, sigma aldrich), dibenzo[b,d]lfuran-3-ylboronic acid (5.58 g,
0.026 mol, Yurui), potassium carbonate (10.91 g, 0.079 mol, sigma aldrich), Pd(PPhs;), (1.52 g, 0.0013

mol, sigma aldrich), Toluene 150 mL, Ethanol 40 mL, H,0 20 mL ¥l 5A17F 5¢F 37 wulksle] v A7 T},

S FE 5 HO0 0 NCE o83l SEdE & F AHAA (N-HEXANE : MO)te] <53l 1-1>5 8.7 g (74

| 1-1 (15 g, 0.036 mol, sigma aldrich), THF 150 mLS @il -78 ColA 10% F¢F wwWtE p-Buli (2.51
, 0.039 mol, sigma Aldrich)E 3] 278t & -78 CollA 1A zF %<+ wHkalil bubble C0,9F -78 TollA

108 ok Lo wheA T, Whe E=15 5 H0, IM HCIS Yal pH 12 2F8A)Z] & EtOAcE FZ38}o] <F7

A 1-2>5 8.5 g (5 70.4%) 538} t}.

(3) Az 3 : 24 1-3¢] A

.y
ST O

1-2 1-3
=24 1-2 (15 g, 0.044 mol), methaneSulfonic acid 400 mL Y3 70 TollA 1AZF B<F wwHksho]
HESAIA T, 9 T8 & FeoR Wst & d5Ed HAs i, AAE aAE At B2 HoFE *
ANzxste] <FHA 1-3>S 11.4 g (& 80%) F53F3it.
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[0093]

[0094]
[0095]

[0097]

[0098]
[0099]

[0101]

[0102]

[0103]

[0105]

[0106]
[0107]

ZIHSd 10-2019-0019326

(4) Az 4 @ FIHA] 1-49] A

8.0 o 8’0 ®

1-3 1-4

=24 1-3 (15 g, 0.046 mol), diethyl ether 500mlel|l aluminium chloride (7.49 g, 0.056 mol, sigma
aldrich)E 3] W¥a 158 <k vkl & 0 C=2 Y2z+3e] lithium aluminum hydride (2.67 g, 0.070 mol,
sigma aldrich)E HH3] Q@ 1A7F SoF wwksle] WA Y. Wke F5 § A oR S¢F1 FAS HH I
A71ek § 6 HCle A FAE o]&3te] FE3 & A-AAA (MC: EASte] <574 1-45
12.3 g (% 85.7%) 53kt

4

(5) AZx4 : 7HA 1-5¢] 34

B ~Bhe

XA 1-4 (15 g, 0.049 mol), sodium tert-butoxide (32.94 g, 0.343 mol, sigma aldrich), DMSO 200 mL %
3 70 CollA 20% ik & methyl iodide (55.6 g, 0.392 mol, sigma aldrich)E A3 H7}sta 4x 7+ St
aRkste] WEEAIZAT. ¥k TR 5 H0 ¥ar wwtetar AR aAE o stal AAA G ] <FHA 1-5>E 11

(& 67%) 53+ ).

0Q

(6) Az 6 @ =24 1-6¢] A

HBF

=2+ 1-5 (10 g, 0.030 mol), chloroform 200 mL ¥il 0 C= ¥z} & w¥HslAA bromine (10.04 g, 0.063
mol, sigma Aldrich) & HH3] "HojmdAr}, 0 CollAl 141X &9t I3 oAl 12413 F9F WESA|F T,

2.0
e TR F IFAUEF FEAS B FEYUE I F A APste] <FHA 1-6>2 6 ¢ (55 40.7%)

_|_4

(7) Az 7 : 274 1-72] 34

X© > X@

1-7

1-bromo—4-tert-butylbenzene (10 g, 0.047 mol, sigma aldrich), aniline (4.81 g, 0.052 mol, sigma
aldrich), Sodium tert-butoxide (9.02 g, 0.094 mol, sigma aldrich), Zv} Pd(dba), (1.35 g, 0.003 mol,

sigma aldrich), tri-tert-Bu-phosphine (0.95 g, 0.006 mol, sigma aldrich)o] Toluene 250 mLE ¥ i 100
Toll A 1A17F B¢F wuksle] gESAIATE, 9hg F$3 F 00 : MColl FEE 3 F AHAGA (N-HEXANE : EA)3)
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[0109]

[0110]
[0111]

[0112]

[0113]

[0115]

[0116]

[0117]
[0118]

[0120]

[0121]
[0122]

[0123]
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o <FA 1-7> 8.2 g (& 77.5%) FE533th.

(8) Azxef 8 : 3}5HE 19| FH4

G

" ) = A, NH
1-7

=2+ 1-6 (10 g, 0.020 mol), =%tAl 1-7 (10.07 g, 0.045 mol), Sodium tert-butoxide (5.86 g, 0.061
mol, sigma aldrich), =u] Pd(dba), (0.58 g, 0.001 mol, sigma aldrich), tri-tert-Bu-phosphine (0.41 g,

Br

0.002 mol, sigma aldrich)oll Toluene 150 mLE Yl 100 TolA 4A1ZF Bk wwsle] WAL, W 8
T H0 : MColl ZEFE 3 T AHAA (N-HEXANE : FA)Ste] &3E 1S 11.2 ¢ (& 70.6%) F5319t).

H-NMR (200MHz, CDC13):&6 ppm, 1H(8.18/d, 7.78/d, 7.64/d, 7.56/s, 7.49/m, 7.43/s, 7.42/s, 6.64/s,
6.54/s, 6.33/d) 2H(6.81/m) 4H(7.20/m, 7.01/d, 6.63/d, 6.55/d) 6H(1.85/s) 18H(1.35/s)

LC/NS: m/z=780[ (M+1) ]

Ao 2 shetE 139 A

(D) Az 1 FHA 13-19] 34

Br NH, ©
/Ej " @ NH
- o
NC

1341

4-bromobenzonitrile (10 g, 0.055 mol, sima aldirch), aniline (5.63 g, 0.060 mol, sigma aldrich),
Sodium tert-butoxide (10.56 g, 0.110 mol, sigma aldrich), Zw] Pd(dba), (1.58 g, 0.0027 mol, sigma

aldrich), tri-tert-Bu-phosphine (1.11 g, 0.0055 mol, sigma aldrich)el] Toluene 200 mL @il 100 ColA 2
AlZE St whksle] HEEAIH T, HhS TR T 00 ¢ MCol SElE 3 & A3 gA (N-HEXANE @ EA)Ste] <53t

A 13-1>S 8 g (& 75%) FS5aH3c).

(2) Az 2 : shgt= 139 94

Br

i) [CJ C\

+ e /I*EH - T 1
L I i L. p’ \’\
" NC 1;1 E i -

Z7204 1-6 (10 g, 0.020 mol), Z=7+A) 13-1 (8.68 g, 0.045 mol), Sodium tert-butoxide (5.86 g, 0.061
mol, sigma aldrich), Zmu] Pd(dba), (0.58 g, 0.0010 mol, sigma aldrich), tri-tert-Bu-phosphine (0.41 g,

0.002 mol, sigma aldrich)oll Toluene 100 mLE ¥ 100 TolAl 8A1ZF E<F wylste] wkLA| T WHe 28
I [0 : EASl =EE s & ABAA] (N-HEXANE : EA)Se] 3EE 138 11 g (58 75%) $53+41).

H-NMR (200MHz, CDC13): 68 ppm, 1H(8.18/d, 7.78/d, 7.64/d, 7.56/s, 7.49/m, 7.43/s, 7.42/s, 6.64/s,
6.54/s, 6.33/d) 4H(7.39/d, 7.20/m, 6.63/d) 6H(6.81/m, 1.85/s)
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[0124]

[0126]

[0127]

[0128]

[0129]

[0131]

[0132]

[0133]

[0135]

[0136]
[0137]

[0138]

[0139]

[0141]
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LC/MS: m/z=718[ (M+1)']

Sdel 3 ¢ S§tE 269 A

(D) Az 1 F3A 26-12] A

Br F F
oo
O — O

Br

Br
26-1

1,3-dibromo—-5-f luorobenzene (15 g, 0.059 mol, sigma aldrich), phenylboronic acid (7.92 g, 0.065 mol,
sigma aldrich), potassium carbonate (16.33 g, 0.118 mol, sigma aldrich), Pd(PPhs)s (3.41 g, 0.003 mol,
sigma aldrich), THF 250 mL, H,0 50 mL YL 4A|7F E¢F 3F wwlale] whgA gl vhe 28 3 1,0 @ MCE
ol gste] FHAE F F APAA (N-HEXANE : NO)dHe] <F7HA]l 93-1>% 11.4 g (& 76.8%) 53T}

(2) Az 2 @ F3A 26-29] A

E F
NH,
O« g —
Br

O

=744 26-2 (15 g, 0.060 mol), aniline (6.12 g, 0.066 mol, sigma aldrich), Sodium tert-butoxide (11.48
g, 0.120 mol, sigma aldrich), Zmu} Pd(dba), (1.72 g, 0.003 mol, sigma aldrich), tri-tert-Bu-phosphine

(1.21 g, 0.006 mol, sigma aldrich)ol Toluene 150 mLE YiL 100 CollA 1At B<F wwkale] Wb-S-A|F T},
HES 28 5T H0 ¢ MCol SEHE 3 T AHAAA (N-HEXANE : EA)Sle] <744 26-2>2 11.3 g (58 71.8%)

S5

26-2

(3) Azl 3 : shgh= 269 ¥4

i_jojl,\i& HN—: L/jI L/f /

1.6 262 L

=7+ 1-6 (10 g, 0.020 mol), =7HA 26-2 (11.77 g, 0.045 mol), Sodium tert-butoxide (5.86 g, 0.061
mol, sigma aldrich), =1 Pd(dba), (0.58 g, 0.0010 mol, sigma aldrich), tri-tert-Bu-phosphine (0.41 g,

0.002 mol, sigma aldrich)el Toluene 150 mLE Y3l 100 ColA] 1AZF B wukete] v AT}, ¥kS 28
5 H0 : MCol =2 E 3 = AAAA (N-HEXANE : EA)Ste] 3etE 26S 13 g (558 74.7%) 5319t

H-NMR (200MHz, CDC13):&6 ppm, 1H(8.18/d, 7.78/d, 7.64/d, 7.56/s, 7.49/m, 7.43/s, 7.42/s, 6.64/s,
6.54/s, 6.33/d) 2H(7.41/m, 6.88/s, 6.81/m, 6.66/s, 6.53/s) 4H(7.52/d, 7.51/m, 7.20/d, 6.63/d)
6H(1.85/s)

LC/NS: m/z=856[ (M+1) ]

Ao 4 SIEE 639 A
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[0142]

[0143]
[0144]

[0146]

[0147]

[0148]

[0150]

[0151]
[0152]

[0154]

[0155]

[0156]

[0157]
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(1) Az 1 F2A 63-12] 34
5 NH> o oF" Br
r
\(; + @CI —_— ©)J\Nj©/
H
Br
63-1

2,4-dibromoaniline (10 g, 0.040 mol, sigma aldrich), dichloromethane 150 mL ¥ XYHA]Z7]31 Ab2-of A
benzoyl chloride (5.62 g, 0.040 mol, sigma aldrich), pyridine (6.32 g, 0.080 mol, sigma aldrich)& %
A3 A7kl 202 U aikslel WA W TR FUCE olgdel FEE F AULA (DU
MC)3ko] <274l 63-1>S 10.6 g (& 74.7%) 5534},

(2) Az 2 @ A 63-29] A

Br Br
0 [ ] o]
> :©\
63-1

63-2

ZZHA 63-1 (15 g, 0.042 mol), potassium carbonate (11.68 g, 0.0845 mol, sigma aldrich), DMSO 200 mL
Wi 140 CollA 2A17F &<t wRkste] WbEAIZTEH W T8 F FA Y 5 o & APAA (N-HEXANE : E
MBFe] <FHA 63-2>2 9.2 g (& 79%) FEBHA

(3) AlzA3 : FIHA 63-39] A

63-2 63-3

=34 63-2 (10 g, 0.036 mol), aniline (3.74 g, 0.040 mol, sigma aldrich), Sodium tert-butoxide (7.01
g, 0.073 mol, sigma aldrich), Zm Pd(dba), (1.05 g, 0.0018 mol, sigma aldrich), tri-tert-Bu-phosphine

(0.74 g, 0.0036 mol, Sigma aldrich)oﬂ Toluene 150 mL& 23 100 CollA 4x17F B¢ wwrato] WA ZTh,
HES 28 Z H0 : MCo| Z=EYE 3 T APAHA (N-HEXANE : MC)3le] <=7HA] 63-3>S 8.4 g (& 80%) &

salgit,

i

(4) Az 4 : 33E 639 A

Br,

- R 0"
e SESGTy

R

1-6 63-3

Z7HA) 1-6 (10 g, 0.020 mol), &7FA] 63-3 (12.80 g, 0.045 mol), Sodium tert-butoxide (5.86 g, 0.061
mol, sigma aldrich), Zmu] Pd(dba), (0.58 g, 0.0010 mol, sigma aldrich), tri-tert-Bu-phosphine (0.41 g,

0.0020 mol, sigma aldrich)el Toluene 200 mLE Yil 100 ColA 6A17F E<¢F muksle] vk A HTE, HbS =
2 3,0 : EAY ZEEE o & APAA (N-HEXANE : EA)Sle] S3E 638 14 g (58 76%) 5319,

H-NMR (200MHz, CDC13): 68 ppm, 1H(8.18/d, 7.78/d, 7.64/d, 7.56/s, 7.49/m, 7.43/s, 7.42/s, 6.64/s,
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[0158]

[0160]

[0161]

[0162]
[0163]

[0165]

[0166]
[0167]

[0168]

[0169]

[0171]

[0172]

[0173]

[0174]
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6.54/s, 6.33/d) 2H(7.54/d, 7.41/m, 6.81/m, 6.46/d) 4H(8.05/d, 7.51/m, 7.20/m) 6H(6.63/d, 1.85/s)

LC/NS: m/z=902[ (M+1) ]

Ao 5 ¢ ek 929] A

(D) Az 1 FkA 92-19] A4

Br

o: L 5;}

921
1-bromo—4-phenylnaphthalene (10 g, 0.035 mol, TCI), 3,5-dimethylaniline (4.71 g, 0.039 mol, sigma
aldrich), Sodium tert-butoxide (6.79 g, 0.071 mol, sigma aldrich), Zwu} Pd(dba), (1.02 g, 0.0018 mol,

sigma aldrich), tri-tert-Bu-phosphine (0.71 g, 0.0035 mol, sigma aldrich)ol] Toluene 150 mLE ¥ar 100
TellA 1417 &<t ugkste] Wh-gAZATH ¥bE 5 5 H0 @ MCol Sw8& g & AlAA (N-HEXANE @ MC)3h

o] <FA 92-1>% 6 g (& T3%) F5A3.

(2) Alxd 2 @ 33E 929 A

» 3

e oo i QO e

:_'*:,_'D\I/j\t\\sr S e \ﬂ/jj/NE/i: K«\K\I B —N :/7:
1% 921 I \“\\ :T o Foas

Z7204 12-6 (5 g, 0.010 mol), Z=7A 92-1 (5.19 g, 0.022 mol), Sodium tert-butoxide (1.95 g, 0.020
mol, sigma aldrich), Zmuj] Pd(dba), (0.70 g, 0.0012 mol, sigma aldrich), tri-tert-Bu-phosphine (0.49 g,

0.0024 mol, sigma aldrich)el] Toluene 150 mLE Y3l 100 CollA 1A ¢t wykadle] wFS AT, whE EE
B0 : MCYl Z2EEE 3 & AdAA (N-HEXANE : FA)Sl] S13HE 928 7 g (58 70.5%) =390},

H-NMR (200MHz, CDC13): 8 ppm, 1H(8.18/d, 7.64/d, 7.56/s, 7.49/m, 7.43/s, 7.42/s, 6.64/s, 6.54/s,
6.33/d) 2H(8.49/d, 8.07/d, 7.54/m, 7.53/m, 7.41/m, 7.04/d, 6.71/s) 3H(7.78/d) 4H(7.79/d, 7.51/m,
6.36/s) 6H(1.85/s) 12H(2.34/s)

LC/NS: m/z=976[ (M+1)']

A 6 - 3IEE 1269 A

(D) Az 1 F3A] 126-19] 34

0 NH, e H O
Fo+ - do— ooy

1261

3-bromodibenzofuran (20 g, 0.081 mol, TCI), 2-aminobiphenyl (16.44 g, 0.097 mol, sigma aldrich),
Sodium tert-butoxide (15.56 g, 0.16 mol, sigma aldrich), Z=mu] Pd(dba), (2.33 g, 0.004 mol, sigma

aldrich), tri-tert-Bu-phosphine (1.64 g, 0.008 mol, sigma aldrich)ol Toluene 250 mLE Y3l 100 CollA]
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[0176]

[0177]

[0178]

[0179]

[0180]

[0182]

[0183]

[0185]

[0186]

[0187]

[0189]

[0191]

[0192]
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IAIZE “&Qt aRkso] WESAIZTH. wHEg TR

T 0 ¢ NCel FEEE B F APAA (NHEXAE : B3] <F
7HA 126-1>S 19.2 g (& 70.7%) 5319 0).

(2) Az 2 @ SI3HE 1269 FA

Er__l'l./ o "I:If/:: Saas EJ:\JAO Dl,.r’j/
e R 't T oS ) O 2 PN
TS “"\\ /’rr /J// E /r!;‘ P L |]
=T, L SASSS TN ey

16 126-1 - [l\;; - =

Z72:4 1-6 (5 g, 0.010 mol), =74 126-1 (7.50 g, 0.022 mol), Sodium tert-butoxide (2.93 g, 0.031
mol, sigma aldrich), Zmu] Pd(dba), (0.29 g, 0.0005 mol, sigma aldrich), tri-tert-Bu-phosphine (0.21 g,

0.0005 mol, sigma aldrich)el] Toluene 150 mLE ¥ L 100 CollA 4A17F H<F wuksle] whSA| AT, ¥bg £37
3 H0 ¢ BASl S=EHES 3 F AFAA (N-HEXANE : EA)3le] 3H3HE 1262 8 g (58 78.7%) F53Itt.

H-NMR (200MHz, CDC13): & ppm, 1H(8.18/d, 7.78/d, 7.56/s, 7.49/m, 7.42/s, 6.64/s, 6.54/s) 2H(7.89/d,
7.66/d, 7.54/d, 7.41/m, 7.38/m, 7.32/m, 7.16/m, 6.87/m, 6.69/d) 3H(7.64/d, 7.43/s, 6.33/d) 4H(7.51/m,
7.08/d) 6H(1.85/s)

LC/MS: m/2=1000[ Oi+1)']

ES R

2 odtdo] w2 AAdoA], [T0 £ AFL 25 mm X 25 mm X 0.7 mm9] S8 713 e, [T0 T dFo] K
zZkd IT0 f8 718 o g3ste], &3 WAHo] 2 m X 2 mm 277} HE= SEdd & Agssict. 7#e A

0
of F2a = wo]x gkdo] 1 X 10 torr7t HEE & & §7]2S Ay (109 317 TR22 G7]%

Bomye] mE SRS WS Agsel, vl e A4 FRE e AN WY FAATYEAE A
zaol, WY AEL ETIT WY 54 3499
IT0 / AFFJSWATCN 5 nm) / 35455 (a-NPB 100 nm) / AAFAA]S(TCTA 10 nm) / FFZ (20 nm) /

/
AA4% (201:Liq 30 nm) / LiF(1 nm) / Al (100 nm)

& a-NPBE ARESte] AEsiGivh. AAAA
o}, 3, ddEdE SAE FEEE [BHS }%8} E{% 3et=
13, 26, 38, 51, 63, 73, 84, 92, 100, 110, 126% A}oo}oq FAZF 20 nm 73
2 Az #4537 [201] 33 Liq 50% =3) 30 nm 2 LiF 1 nm 2 45055 100 mmE S oz Auts)
o, FARAALFEAS AxsHAT.

IT0 4 A=) A3FUSS FAdsr]l 98] HAT_ (NS 1 slo] ATFUPFY FAZ 5 mzE Ay 452wy
o2 gAsta, ol AEd & TCTAE 10 nm FA=Z d9skal
(e}
- 1

il

22k Hlate] 18 A% F71d AT g % Al el 1«] AR A Tl mE 3HehE il Bhle
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Source meter (Model 237, Keithley)¢} 3% (PR-650, Photo

=
TF

U 10 mA eV} HE ALS "EE A

[HAT_CN] [ a-NPB]

il

[BH1] [BD1]

A4 o B35 = I cd/A QE(%) wkg-
1 3}stal1 4.09 7.80 6.62 4
2 3184113 4.13 8.04 6.84 22
3 3}38k2126 4.14 7.88 6.70 A
4 3}8+2138 4.11 7.97 6.80 22
5 3}8k2151 4.13 7.67 6.49 A
6 3}8H 24163 4.19 7.70 6.52 22
7 3}st2]73 4.18 7.80 6.62 A
8 3}sk2184 4.20 7.79 6.61 22
9 3}8t2192 4.16 7.90 6.73 4
31821100 4.15 7.86 6.68 22
3}841110 4.22 7.78 6.60 4
3}8+21126 4.13 7.90 6.74 22
BD1 4.14 6.40 5.20 A

W AnE AWEd, WA, 2oy mE 3 ol =gE sstEe A8

7 Az}(u]Loﬂ BD1 A-&)el w)ste] @G I aE Eo] dA3 78S g2l
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