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ola, 1 wel oal2 §7] Sl wigrde ANdE AABT. e, avle AxeE B wEe oAs
1 918 Rolm, ool ojsle] B wWe] Welzt @AHE AL otk

el 1 3§he 299 A

(1) =7+ 29-1¢] A

F

NO, B(OH), NO;
&
Br O

2941

4-bromo-1-fluoro—2-nitrobenzene (20 g, 0.091 mol, sigma aldrich), phenylboronic acid (13.30 g, 0.109
mol, sigma aldrich), potassium carbonate (25.13 g, 0.182 mol, sigma aldrich), Pd(PPhs;), (3.15 g, 0.0027

mol, sigma aldrich), Toluene 220 mL, Ethanol 40 mL ¥ il 5A]7F %ot $-F wulksle] wkSA AT, w8 =3
HO @ MCE o] &3le] 2SS 3 & AUAA (N-HEXANE : MC)d}o] <F7HA] 29-1>& 17.6 g (& 89%) <+
5313t

o

n

J
32

(2) Z70A4] 29-29] A

NO
NO, B o 2
SANN S S

20-1 29-2

Z=Z2r4 29-1 (15 g, 0.069 mol, sigma aldrich), 2-bromophenol (11.95 g, 0.069 mol, sigma aldrich),
potassium carbonate (19.09 g, 0.138 mol, sigma aldrich)ell dimethylformamide 200 mL ¥ 3L 90 CollA 124
7+ st ¥k & Zw] Pd(OAc), (0.78 g, 0.0035 mol, sigma aldrich), triphenylphosphin e (1.81 g,

0.007mol, sigma Aldrich)€ F7F FY3ta 90 TollA 2.541%F Bt adtete] RESAZ T, Wb T8 % HO

FAS] =22 & & AA QA (N-HEXANE : FA )3}o] <Z7H] 29-2>2 15.8 g (8 79%) $-=3}3 ).
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[0084] (3) Z34A 29-39] 3HA

o o

292 293
[0085]
[0086] FA 29-2 (15 g, 0.052 mol)< Ethanol @ H,0(4:1)ell @32 2 el iron powder(14.48 g, 0.26 mol, sigma
Aldrich)¢} 44Fes ¥ar 2A17F &<t 35 wwtste] wbSAZ T ¥k FH F H0 : EAol S®eE 3 & A4
AA (N-HEXANE:EA)8Fo] <Z7kA] 29-3>S 10 g (& 74%) 5319t}
[0088] (4) S 29-49] A
OH
OH Br
Br B(OH), O
e
| g
294
[0089]

2-bromo-4-iodophenol (20 g, 0.067 mol, yurui), phenylboronic acid (9.79 g, 0.080 mol, sigma aldrich),

[0090]
potassium carbonate (18.50 g, 0.134 mol, sigma aldrich), Pd(PPhs)s (3.87 g, 0.0033 mol, sigma aldrich),
Toluene 220 mL, Ethanol 40 mL Y3 4A]7F =¢F 3t&F wwksloe] WA ZHTH, ¥-2 28 3 1,0 : MCE o]&31d
RS & 5 AYAA (N-HEXANE : MC)&}o] <Z=7HA] 29-4>Z 14.1 g (5884.6%) F53+3ich.

[0092] (5) T3HA 29-59] A
OH OH
O Br + (FJ:‘/B(OH)z O
g L

29-5

204
[0093]
[0094] ZZHA 29-4 (14 g, 0.056 mol), 2-fluorophenylboronic acid (9.44 g, 0.067 mol, sigma aldrich),
potassium carbonate (15.54 g, 0.112 mol, sigma aldrich), Pd(PPhs)s (3.25 g, 0.0028 mol, sigma aldrich),
Toluene 200 mL, Ethanol 40 mL ¥ 3L 4A1ZF &< 857 wwkste] WA Y. W8 T8 F H0 © MCE o] &3}
& & AAGA (N-HEXANE : MC)3le] <Z7HAl 29-5>5 13.2 g (& 88.9%) 53F3itt.

=X o=
o =
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[0096]

[0097]
[0098]

[0100]

[0101]
[0102]

[0104]

[0105]
[0106]

[0108]

[0109]
[0110]
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(6) Z=x1A 29-6¢] 3HA

OH OH
Br
T U
29-5 29-6

=4 29-5 (13 g, 0.050 mol), N-Bromosuccinimide (8.76 g, 0.050 mol, sigma aldrich),
Dimethylformamide 150 mL 231 60 CollA 12A17F =<¢F wwksle] whS AT, ¥FS 28 & 1M NaOH =8NS
%iiﬂ%ﬁ%ﬂﬂ%élﬁi&@<wiﬂ2%®gluzg(Tg6% =5}

(7) S0A 29-79] A

OH Br

Br O
DR Y
296 297

S7HAl 29-6 (10 g, 0.030 mol), NaH (1.4 g, 0.058 mol, sigma aldrich), Dimethyl sulfoxide 100 mL ¥z
140 CollA] 5A1ZF &<F wuksle] WH-SAFH Y, ¥H8 T8 5 00 - MCo SEHE o & AHAAA (N-HEXANE

MO 3t <F3HA| 29-7>% 3 g (& 31.9%) +=33T}.

(8) =114 29-8¢] 3¥HA

b L)
o o M
O O e waws O O
ANV

LY LD

=7+ 29-3 (10 g, 0.039 mol), 4-bromobiphenyl (9.89 g, 0.042 mol, sigma aldrich), Sodium tert-
butoxide (7.41 g, 0.077 mol, sigma aldrich), Zmu] Pd(dba), (1.11 g, 0.0019 mol, sigma aldrich), tri-

tert-Bu-phosphine(0.78 g, 0.004 mol, sigma aldrich)el] Toluene 150 mLE ¥ i 100 TCollA 4A]7F &<F iyt
sto] HESAIFHY.  WbE TR OF H0 ¢ BAol SEEE 3 F AHAAGA (N-HEXANE @ EA)she] <F3HAl 29-8>&

12.4 g (55 78%) 533t}

(9) 3}atE 299] a+A

f@

! ‘ “b QTFM
)
Yﬁ

297
29

Z7H4 29-8 (10 g, 0.024 mol), Z=7+A) 29-7 (9.42 g, 0.029 mol), Sodium tert-butoxide (4.67 g, 0.049
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[0111]

[0112]

[0114]

[0115]

[0116]
[0117]

[0119]

[0120]

[0121]

[0123]

[0124]
[0125]
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mol, sigma aldrich), =1 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 Yil 100 CollA 4A17F B¢k nylks}e] HP°/\]*‘E} [ aa=
[0 : NCol =R = 3 T AAAGA (N-HEXANE : MC)o}oq 3l3tE 295 11.7 g (& 73.6% ORM.

H-NMR (200MHz, CDC13):& ppm, 2H(7.89/d, 7.66/d, 7.57/s, 7.54/d, 7.38/m, 7.32/m, 7.07/s, 6.69/d)
3H(7.41/m) 6H(7.52/d, 7.51/m)

LC/NS: m/z=653[ (M+1) ]

Sﬁlé ] g]_tﬂ- 38«] 751—}-]

(1) 244 38-19] sHA

Br o Br B(OH), o O
S0 0 T w5

4 ,6-dibromodibenzofuran (20 g, 0.061 mol, Yurui), phenylboronic acid (8.98 g, 0.074 mol, sigma
aldrich), potassium carbonate (16.96 g, 0.123 mol, sigma aldrich), Pd(PPhs), (3.54 g, 0.0031 mol, sigma

aldrich), THF 250 mL, H,0 50 mL Y3 4X]7F BoF 3F wuksle] w3 A AT, 9-g F8 Z 10 : MCE o] &3
of TwE ¢ F AFAA (N-HEXANE : MO)3le] <F7HA] 38-1>% 14.3 g (57& 72%) 533},

(2) 244 38-29] sHA

38-1 38-2

=7+ 38-1 (14 g, 0.043 mol), Bis(pinacolato)dibron (14.3 g, 0.056 mol, sigma aldrich), potassium
acetate (8.50 g, 0.087 mol, sigma aldrich), PdCl.(dppf) (0.95 g, 0.0013 mol, sigma aldrich), 1,4-

Dioxane 200 mL 23l 95 TCollA] 12A13F &9t mukste] WA AT, ¥ F83 § 00 Y32 SEIE 3 & 449
A (N-HEXANE : MC)3}o] <&7hA] 38-2>S 11.3 g (& 70.5%) +53H5T).

(3) F1tA 38-39] 34

e —— OO
>

38-2 38-3

1-bromo-4-iodobenzene (10 g, 0.035 mol, sigma aldrich), <ZFA 38-2 (15.71 g, 0.042 mol, sigma
aldrich), potassium carbonate (9.77 g, 0.071 mol, sigma aldrich), Pd(PPhs), (2.04 g, 0.0018 mol, sigma

aldrich), THF 250 mL, H,0 50 mL gL 12A]17F Fot 37 wdtsle] wH-SAJ AT, W8 T35 F H0 0 MCE o] &
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[0127]

[0128]

[0129]

[0130]

[0131]

[0133]

[0134]

[0135]
[0136]

[0138]

[0139]
[0140]
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shof

oNv

SEYE ¢ 5 AHEAA (N-HEXANE © NCO)&te] <F3hA] 38-3>5 11.6 g (58 82%) 533t

(4) 3}3tE 389] aAd

;,
\\

HN N

: o o— 9

O O )

298 38-3 38

=744 29-8 (10 g, 0.024 mol), =7+A] 38-3 (11.64 g, 0.03 mol, sigma Aldrich), Sodium tert-butoxide
(4.67 g, 0.049 mol, sigma aldrich), =9} Pd(dba), (0.70 g, 0.0012 mol, sigma aldrich), tri-tert-Bu-

phosphine(0.49 g, 0.0024 mol, sigma aldrich)ol Toluene 150 mLE Yil 100 CTelA 8A1ZF E<F wwukslo] Wk
SAIALH, Wb FH S 0 ;0 NCol| FEEE 3 F A-AA] (N-HEXANE : MC)3le] 3}3E 388 13.2 g (7%

74.4%) 53FATE.

H-NMR (200MHz, CDC13): & ppm, 1H(7.89/d, 7.66/d, 7.57/s, 7.32/m, 7.07/s) 2H(7.85/d, 7.81/d) 3H(7.41/m,
7.38/m) 4H(7.54/d, 6.69/d) 6H(7.52/d, 7.51/m)

LC/MS: m/z=729[ (M+1) ]

Ao 3 ¢ sHetE 48 oA

(1) =314 48-19] oA

©) Br O Br
HOJ\CL S Meo)k@
Cl cl
48-1

2-bromo-4-chlorobenzoic acid (20 g, 0.085 mol, sigma aldrich), iodomethane (18.08 g, 0.127 mol, sigma
aldrich), Sodium bicarbonate (14.27 g, 0.17 mol, sigma aldrich)ol dimethylformamide 200 mLE %3 60
Toll A 24417F &<t ngkste] 9REAIZATE. ¥hg F5 F H0 @ EAol S®E ¢ F AHGA (N-HEXANE : E

A3l <F7HA] 48-1>8 12.4 g (& 79%) S5

(2) Z3A 48-29] A

) Br O Br
s
Cl Cl
48-1 48-2

ZZHA] 48-1 (12 g, 0.048 mol)oll THF 150 mL Y3l 0 CollA nHkslH A phenyl magnesium bromide(13.08 g,
0.072mol, sigma aldrich) & 3] YolFa A=A 12417 &< wRkste] RESAI AT, ¥bE T8 F HO -

FAol =822 3 = AAAA (N-HEXANE : BA)Slo] <Z7HA] 48-2>2 11.2 g (58 78.8%) FE38H3u}.
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[0142]

[0143]
[0144]

[0146]

[0147]
[0148]

[0150]

[0151]
[0152]

[0154]

[0155]

[0156]

(3) =31A| 48-39] oA

(e} Br

sael

48-2

F7HA 48-2 (20 g, 0.068 mol),
(23.38 g, 0.169 mol,

trifluoroacetic acid(TFA)E YL

w2E ¢ & A=-gA (N-HEXANE :

(4) Z70A 48-49] A

ZIHSd 10-2018-0063707

O Br
I i Cl

48-3

silver oxide (23.52 g, 0.102 mol, sigma aldrich), potassium carbonate
aldrich), Zmu Pd(0Ac), (0.61 g, 0.0011 mol, sigma aldrich)ol

140 TolA 24417 &< wRkete] gbEA 7T, Whg T8 5 HO0 : EAol F
EA)3lo] <F7HA] 48-3>< 12.6 g (& 77%) F535+9 .

O Br Br
- -
Cl Cl

48-3

FZHA 48-3 (20 g, 0.068 mol),

48-4

sodium borohydride (149.07 g, 0.341mol, sigma aldrich), anhydrous

aluminum chloride (3.87 g, 0.102 mol, sigma aldrich), tetrahydrofuran 300 mLE Y1 2417 ¢t g5 o

Hhale] wESAIZ T, WES
13 ¢ (5% 68%) 5539},

(5) =71A| 48-5°] 4

T 00 : FAol S&EE 3 &

Br
l i Cl

48-4

A 48-4 (15 g,

AP A (N-HEXANE @ EA)3}e] <F7HA] 48-3>&

Cl

48-5

0.054 mol), potassium tertbutoxide (18.06 g, 0.161 mol, sigma aldrich)E&

tetrahydrofuran 200 mLE Y1 0 C 10% %o wvkAZ7l & iodomethane(ZZ 85 g, 0.161 mol sigma aldric

hE ¥ar g2l 12413+

ukele] WS AIF T, WkS FR F Hexaned P W T ojysta AHAA|

(N-HEXANE : EA)3}e] <744 48-5>S 11 g (58 66.7%) 538},

(6) =114 43-69] A

Br
N\
( 7N ,
o, OO ¥
°'
Cl

48-5

=7rA 48-5 (15 g, 0.049 mol),
butoxide (9.37 g, 0.098 mol,

48-6

4-aminobiphenyl (9.90 g, 0.059 mol, sigma Aldrich), Sodium tert-

sigma aldrich), =9 Pd(dba), (1.40 g, 0.0024 mol, sigma aldrich), tri-
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[0158]

[0159]
[0160]

[0162]

[0163]
[0164]

[0165]

[0166]

[0168]

[0169]

[0170]
[0171]
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tert-Bu-phosphine (0.99 g, 0.0049 mol, sigma aldrich)el Toluene 150 mLE ¥ 100 CeollA 6A)7F st
Hhate] WhgAIZTE, g FE F HO : MCol TEEE ¢ & APAFA (N-HEXANE @ NMC)3te] <53hA| 48-6>

ok

15.8 g (& 82%) FE3+¢ltt.

(7) Z7+A] 48-79] A

B(OH),
, O 4
e
Cl O

48-6 48-7

=7+ 48-6 (15 g, 0.038 mol), phenylboronic acid (5.54 g, 0.046 mol, sigma aldrich), potassium
carbonate (10.47 g, 0.076 mol, sigma aldrich), Pd(PPhs)s (2.19 g, 0.0019 mol, sigma aldrich), Toluene

200 mL, Ethanol 40 mL ¥3 4A|ZF F<t k7 ukste] BESAIALE, WS F3 T 1,0 @ NCE o] &3l FEg
= 3 & A (N-HEXANE : MC)3le] <F7HA] 48-7>S 13.3 g (5% 80%) F53F3it}).

(8) g‘]:‘?s]—% 480] SFA]

,HN
+

487 38-3 48

S 7HA] 48-5 (10 g, 0.023 mol), Z=7FA] 38-3 (10.95 g, 0.027 mol), Sodium tert-butoxide (4.39 g, 0.046
mol, sigma aldrich), Zmu] Pd(dba), (0.66 g, 0.0011 mol, sigma aldrich), tri-tert-Bu-phosphine (0.46 g,

0.0023 mol, sigma aldrich)el] Toluene 150 mLE Y3 100 CeollA 6A17F &<t "rtﬂ-o]-oq WA AT, ke 28
F HO : MCol 82 E 3 F AAAA (N-HEXANE @ MC)3te] 3HghE 488 13.2 g (& 76%) 4~533iTh.

H-NMR (200MHz, CDC13): & ppm, 1H(7.87/d, 7.55/d, 7.42/s, 7.28/m, 6.70/s) 2H(7.85/d, 7.81/d) 3H(7.41/m,
7.38/m) 4H(7.54/d, 6.69/d) 6H(7.52/d, 7.51/m, 1.72/s)

LC/NS: m/z=755[ (M+1)']

Srdel 4 ¢ 3§HE 58] A

(1) Z7+A] 58-1¢] A

SH
SH

Br
Br B(OH), O
| g

58-1

2-bromo-4-iodobenzenethiol (15 g, 0.048 mol, yurui), phenylboronic acid (6.99 g, 0.057 mol, sigma
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[0173]

[0174]

[0175]

[0177]

[0178]
[0179]

[0181]

[0182]
[0183]
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aldrich), potassium carbonate (13.21 g, 0.096 mol, sigma aldrich), Pd(PPhs)s (2.76 g, 0.0024 mol, sigma
aldrich), Toluene 200 mL, Ethanol 40 mL 2L 4A17F %<F 35 uwwksie] whS-A| 7t ¥% £8 5 HO0 @ MC

2 o] gdle] ZEYZ 3 T APAA (N-HEXANE : MC)3to] <=7+A 58-1>8 10g (& 79%) +E53}%ch.

(2) 74 58-29] A

L e

7, . O
. @/B(OH)Z E

58-1 58-2

=24 58-1 (15 g, 0.057 mol), 2-fluorophenylboronic acid (9.50 g, 0.068 mol, sigma aldrich),
potassium carbonate (15.64 g, 0.113 mol, sigma aldrich), Pd(PPhs)s (3.27 g, 0.0028 mol, sigma aldrich),

Toluene 200 mL, Ethanol 40 mL ¥Wil 4A1ZF &<t 37 uwksle] RESAIFTEH ¥bE T8 F H0 : MCE ©] &3¢

swelE 3§ APAA (NHEXANE @ NO)BF <F7hA] 58-2>5% 12.7 g (57& 80%) 5331

(3) =7HA| 58-39] ¥4

SH SH
Br
T U
58-2 58-3

=24 582 (10 g, 0.0360 mol), N-Bromosuccinimide (6.35 g, 0.036 mol, sigma aldrich),
Dimethylformamide 150 mL ¥l 60 CollA]l 12A17F EoF wulale] S AIZTH. B2 232 5 1) NaOH 89S

Y aAlA of3et B A3k <F7HA 58-3>2 9.7 ¢ (% 75.7%) 5.

(4) Z2+A] 58-49] sHA

&Y oy
s o

584

A 29-6 (10 g, 0.028 mol), NaH (1.0 g, 0.042 mol, sigma aldrich), Dimethyl sulfoxide 100 mL ¥ il
140 CollA 5A1%F &<t uikste] gbSAIZH Y, g 5 T HO0 : MCol T8 E & $ A (N-HEXANE :

MO)Bte] <Z74A| 58-4>2 3.3 g (& 35%) F53It).
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[0185]

[0186]
[0187]

[0189]

[0190]
[0191]

[0192]

[0193]

[0195]

[0196]

[0197]
[0198]
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(5) 5114 58-59] A

Br

G0 . Om——
& ke

58-4

=7+ 58-4 (10 g, 0.029 mol), 4-aminobiphenyl (5.97 g, 0.035 mol, sigma aldrich), Sodium tert-
butoxide (5.65 g, 0.059 mol, sigma aldrich), Zmv] Pd(dba), (0.85 g, 0.0015 mol, sigma aldrich), tri-

tert-Bu-phosphine(0.60 g, 0.0029 mol, sigma aldrich)el] Toluene 150 mLE ¥ i 100 ColA 6A17F &<t iyt
she] WbSAIFH T, WhS FE T H0 ¢ MCol SR E 3 & HAAAGA (N-HEXANE : MC)she] <F3kAl 58-5>5 10
g (5% 79.5%) 533t}

(6) g‘]:‘?s]—% 589] SFA]

O “1 )
OOO * o : S Dﬂ\J: oz

Z=ZFA) 58-5 (10 g, 0.023 mol), =7+A) 38-3 (11.21 g, 0.028 mol), Sodium tert-butoxide (4.5 g, 0.047
mol, sigma aldrich), Zmu] Pd(dba), (0.67 g, 0.0012 mol, sigma aldrich), tri-tert-Bu-phosphine (0.47 g,

0.0023 mol, sigma aldrich)el Toluene 150 mLE Y3 100 ColA 6A17F =<F wHlste] t”'%/\]ﬁﬂr. ue =
2 3 HO : MColl Z=EYE 3 & A-AAFA (N-HEXANE : MC)sle] 33HE 58S 13.9 g (8 79.7%) 5319},

%/

H-NMR (200MHz, CDC13): & ppm, 1H(8.45/d, 7.98/d, 7.50/m, 7.36/s, 7.15/s) 2H(7.85/d, 7.81/d, 7.38/m)
3H(7.41/m) 4H(7.54/d, 6.69/d) 6H(7.51/m) 7H(7.52/m)

LC/MS: m/z=745[ (M+1)']

Sdel 5 ¢ S§E 699 A

(1) Z7rA 69-1¢] A

Rl e

69-1

2-bromodibenzofuran (15 g, 0.061 mol, sigma aldrich), Bis(pinacolato)dibron (13.58 g, 0.079 mol, sigma
aldrich), potassium acetate (11.92 g, 0.121 mol, sigma aldrich), PdCl.(dppf) (1.33 g, 0.0018 mol,

sigma aldrich), 1,4-Dioxane 200 mL 231 95 TCollA 12A]7F &<t uwtsle] kA 7T, ¥ 8 5 |,0 ¥
==

g 5 AUAA (N-HEXANE : MC)3He] <F7HA 69-1>2 12.5 g (& 70%) FS3Hich.

ofj
il
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[0200]

[0201]
[0202]

[0204]

[0205]
[0206]

[0208]

[0209]
[0210]

[0211]

[0212]
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69-1 69-2

1-bromo-4-iodobenzene (10 g, 0.035 mol, sigma aldrich), &ZFA 69-1 (13.52 g, 0.046 mol), potassium
carbonate (9.77 g, 0.071 mol, sigma aldrich), Pd(PPhs), (2.04 g, 0.0018 mol, sigma aldrich), THF 250
mL, H0 50 mL @3 12A]17F 52t &F wutele] wHSAZAT. RES FE F HO : MCE o] &3t TEd

3 o

pal

il

A A (N-HEXANE : MC)3e] <F 7] 69-2>5 9.6 g (& 84%) 45331},

(3) =24 69-39] 34

o oy
o 8

29-3 29-7 69-3

=244 29-3 (10 g, 0.039 mol), =7FA 29-7 (14.96 g, 0.046 mol), Sodium tert-butoxide (7.41 g, 0.077
mol, sigma aldrich), =1 Pd(dba), (1.11 g, 0.0019 mol, sigma aldrich), tri-tert-Bu-phosphine (0.78 g,

0.0039 mol, sigma aldrich)ell Toluene 150 mLE Y3l 100 TolA 6A1ZF Bk wwlksle] WAL, e 8
T HO0 ¢ MCol FEYE 3 & AAAA (N-HEXANE : MO)3te] <=74A] 69-3>S 15.3 g (8% 79%) +53}%c).

(4) 3}a+E 69°] A

693 692
69

S7HA] 69-3 (10 g, 0.020 mol), =ZrA 69-2 (7.73 g, 0.024 mol), Sodium tert-butoxide (3.83 g, 0.040
mol, sigma aldrich), Zmu] Pd(dba), (0.57 g, 0.0010 mol, sigma aldrich), tri-tert-Bu-phosphine (0.40 g,

0.0020 mol, sigma aldrich)ell Toluene 150 mLE ¥ 3L 100 TolA] 12417+ &<t "’H]'O}oq S AAY. WS &

()
T3 HO : MCOl ZEEE 3 T APAA (N-HEXANE : MC)3}e] 33 695 11.7 g (5& 78.9%) 53190},

H-NMR (200MHz, CDC13): & ppm, 1H(7.85/d, 7.81/d) 2H(7.57/s, 7.54/d, 7.41/m, 7.07/s, 6.69/d) 3H(7.89/d,
7.66/d, 7.32/m) 4H(7.52/d, 7.51/m, 7.38/m)

LC/MS: m/z=743[ (M+1)']
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[0214]

[0215]

[0216]

[0217]

[0219]

[0220]

[0221]

[0223]

[0224]
[0225]
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Aol 6 sHekE 759 A

(1) A4 75-19] A4

Ol — o
O

=2+ 29-7 (15 g, 0.046 mol), Bis(pinacolato)dibron (10.38 g, 0.060 mol, sigma aldrich), potassium
acetate (9.11 g, 0.093 mol, sigma aldrich), PdCl.(dppf) (1.02 g, 0.0014 mol, sigma aldrich), 1,4~

Dioxane 200 mL ¥ 95 ColA 12A17F FoF wwtale] w-gAIF L}, v F85 F 00 ¥ SEE 3 & 44

A (N-HEXANE @ MC)3}e] <=4 75-1>S 12.6 ¢ (58 73%) 5S35},

(2) Z7+A] 75-29] FA

5

o O — g
75-1 O 75-2 D

1-bromo-4-iodobenzene (10 g, 0.035 mol, sigma aldrich), Z%FA 75-1 (15.71 g, 0.042 mol), potassium
carbonate (9.77 g, 0.071 mol, sigma aldrich), Pd(PPhs)s (2.04 g, 0.0018 mol, sigma aldrich), THF 150

ml, H,0 30 mL 93l 6413t FQt & uwbete] wkgAZIG, wkg F85 F H0 0 MCE o] &3t TZdE & F

A-AA (N-HEXANE : NCO)3ke] <A 75-2>5 11.7 ¢ (58 83%) 53+t

(3) FZA| 75-39] 34

W~
YTy O —— Q%

9,9-dimethyl-9H-f luoren-2-amine (20 g, 0.096 mol, Yurui), 4-bromobiphenyl (22.28 g, 0.096 mol, sigma
aldrich), Sodium tert-butoxide (27.55 g, 0.28 mol, sigma aldrich), Zwu} Pd(dba), (2.75 g, 0.005 mol,

32-6

sigma aldrich), tri-tert-Bu-phosphine(1.93 g, 0.01 mol, sigma aldrich)e] Toluene 200 mLE ¥l 100 C
o Al 3AIZF &< wEkele] WESAIZATH WHg TR F H0 ¢ MCl TEEE ¢ & AHAA (N-HEXANE:MC) 3o

<EFHA 75-3>S 28 g (& 81%) FE3H¢lT).
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[0227] (4) E— 1‘51-% 750] SA]

N/ //
:\/N——</)\i/
(‘ o O
</_\—< /0
B

[0228] [

[0229] Z7kA 75-2 (10 g, 0.025 mol), ZFZHA 75-3 (10.86 g, 0.030 mol), Sodium tert-butoxide (4.81 g, 0.050
mol, sigma aldrich), v} Pd(dba), (0.72 g, 0.0013 mol, sigma aldrich), tri-tert-Bu-phosphine (0.51 g,
00%5mﬂ,ﬁmaaMﬁdﬂﬂTMmmsBOM%—%i]M)tﬂﬁ8ﬂ{f%ﬂﬁﬂ%a@ HESAI 7Y, HbE T35
30 : MCYl RS 3 T AAAA (N-HEXANE : MCO)ste] 33HE 758 13.7 ¢ (58 75%) F53H9th.

[0230] H-NMR (200MHz, CDC13):& ppm, 1H(7.89/d, 7.87/d, 7.67/s, 7.66/d, 7.63/s, 7.62/d, 7.55/d, 7.32/m,
7.28/m, 6.75/s, 6.58/d) 2H(7.41/m, 7.38/m) 4H(7.54/d, 7.52/d, 7.51/m, 6.69/d) 6H(1.72/s)

[0231] LC/MS: m/z=679[ (M+1)']

[0233] S 7 - ek 869 A

[0234] (1) 204 86-19] FA

Br
/TN iz
& Ys¥ons
o . /ﬁ\ /TN NH O
oL T
[0235] 752 86-1
[0236] ZZHA 75-2 (10 g, 0.025 mol), 4-aminobiphenyl (5.09 g, 0.030 mol, sigma aldrich), Sodium tert-

butoxide (4.81 g, 0.050 mol, sigma aldrich), Zw] Pd(dba), (0.72 g, 0.0013 mol, sigma aldrich), tri-

tert-Bu-phosphine(0.51 g, 0.0025 mol, sigma aldrich)el] Toluene 150 mLE @il 100 ColA 6A]%F Fot nyk
ste] WAL, W TR T HO0 : MCHl TEEE ¢ § AEAA (N-HEXANE : MC)3te] <F7HA 86-1>8 9.6

g (8 78.6%) 53T,
[0238] (2) g— t'ﬂ—% 86"] SFA]

0O

38-3

[0239]

[0240] ZZHA] 38-3 (10 g, 0.025 mol), SXHA 86-1 (14.65 g, 0.030 mol), Sodium tert-butoxide (4.81 g, 0.051
mol, sigma aldrich), =1 Pd(dba), (0.72 g, 0.0013 mol, sigma aldrich), tri-tert-Bu-phosphine (0.51 g,
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[0241]

[0242]

[0244]

[0245]

[0246]

[0247]

[0248]

[0250]

[0251]

[0252]

[0253]

ZIHSd 10-2018-0063707

=
TR

0.0025 mol, sigma aldrich)dl Toluene 150 mLE 23 100 ColA 8A17F Z<F ﬂ11@1ﬂ~ﬂﬁ@ u-S-
5 H0 : MCol =2 S 3 = AAAA (N-HEXANE : MC)3te] 3}etE 86< 16.5 g (58 81.7%) F53813T}.

H-NMR (200MHz, CDC13): & ppm, 1H(7.89/d, 7.67/s, 7.66/d, 7.63/s, 7.32/m) 2H(7.85/d, 7.81/d) 3H(7.41/m,
7.38/m) 6H(7.54/d, 7.52/d, 7.51/m, 6.69/d)

LC/MS: m/z=805[ (M+1)']

QO

753

2-amino-9,9-dimethylfluorene (10 g, 0.025 mol, TCI), =7tA 75-3 (14.80 g, 0.030 mol), Sodium tert-
butoxide (4.86 g, 0.051 mol, sigma aldrich), Zmv] Pd(dba), (0.73 g, 0.0013 mol, sigma aldrich), tri-

tert-Bu-phosphine(0.51 g, 0.0025 mol, sigma aldrich)el Toluene 150 mLE ¥l 100 CeollA 8/\]7P E<F awt

to] HESAIAY, WS FR 5 H0 : MCol FEEE 3 T AP AA (N-HEXANE : MC)3le] 3}3tE 962 16.4 g
(& 81%) 533t

H-NMR (200MHz, CDC13):&6 ppm, 1H(7.89/d, 7.87/d, 7.67/s, 7.66/d, 7.63/s, 7.62/d, 7.55/d, 7.32/m,
7.28/m, 6.75/s, 6.58/d) 2H(7.75/d, 7.41/m, 7.38/m, 7.35/d, 7.19/m, 7.16/m) 4H(7.54/d, 7.52/d, 7.51/m,
6.69/d)

LC/MS: m/z=801[ (M+1)']

Ao 9 @ 3EE 1119 A

(1) =ZA 111-1¢] 3

111

75-2

=24 75-2 (10 g, 0.025 mol), 2-amino-9,9-dimethylfluorene (6.29 g, 0.030 mol, TCI), Sodium tert-
butoxide (4.81 g, 0.050 mol, sigma aldrich), Zmu] Pd(dba), (0.72 g, 0.0013 mol, sigma aldrich), tri-

tert-Bu-phosphine(0.51 g, 0.0025 mol, sigma aldrich)el Toluene 150 mLS ¥ 100 CollA 4A17F FoF uyk
ste] WhSAIZTE, WS F8 F H0 ¢ NCol FEUE 3 T AYPAA (N-HEXANE : MOk <F3hA| 111-1>%

10.6 g (578 80%) 53t tt.
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[0255]

[0256]

[0257]

[0258]

[0259]

[0261]

[0262]

[0263]
[0264]

[0266]

[0267]
[0268]

ZIHSd 10-2018-0063707

(2) 3= 1119 A

1111

=24 111-1 (10 g, 0.019 mol), 2-bromo-9,9-dimethylfluorene (6.21 g, 0.023 mol, sigma aldrich),
Sodium tert-butoxide (3.64 g, 0.038 mol, sigma aldrich), Zu] Pd(dba), (0.54 g, 0.0009 mol, sigma

aldrich), tri-tert-Bu-phosphine(0.38 g, 0.0019 mol, sigma aldrich)ol Toluene 150 mLE ¥ 100 CTelA
8AIZE Eot mwEkalo] wkEAIZ T Wk F® F H0 ¢ MCol SRS ¥ 5 AWAA (N-HEXANE : MC)3le] 3}t

E 1115 10.8 g (8 79%) FE5319).

H-NMR (200MHz, CDC13): & ppm, 1H(7.89/d, 7.67/s, 7.66/d, 7.63/s, 7.41/m, 7.32/m) 2H(7.87/d, 7.62/d,
7.55/d, 7.54/d, 7.52/d, 7.51/m, 7.28/m, 6.75/s, 6.69/d, 6.58/d) 3H(7.38/m) 12H(1.72/s)

LC/MS: m/z=7190 (M+1)']

el 10 - sFehE 1269] §H4d

(1) 314 126-19] 34

o Foll — ot

126-1

2-bromo-9,9-dimethylfluorene (15 g, 0.055 mol, sigma aldrich), Bis(pinacolato)dibron (18.13 g, 0.071
mol, sigma aldrich), potassium acetate (10.78 g, 0.110 mol, sigma aldrich), PdCl.(dppf) (1.21 g,

0.0016 mol, sigma aldrich), 1,4-Dioxane 200 mL 3L 95 TCollA 12A]17F Eot wwksle] HE-SA|Z T, ¥bS =
82 3 H0 Y93 ZEYE 3 T AYAA (N-HEXANE : MCO)ste] <FzhA] 126-1>2 12.3 g (& 70%)
F5318

(2) 2204 126-22] $4d

1261 126-2

2-bromo—-4-iodophenol (10 g, 0.034 mol, yurui), &7rA] 126-1 (12.86 g, 0.040 mol), potassium carbonate
(9.25 g, 0.067 mol, sigma aldrich), Pd(PPhs), (1.93 g, 0.0017 mol, sigma aldrich), THF 150 mL, H,0 30

ml §iL 5AIRE Eb g kst wbEAIZY. kg TR F OHO0 1 NMCE ol&ste] SRS § F AHAA

(N-HEXANE : MC)3}e] <&7HA] 126-2>2 10 g (58 82%) $53l9t}).



[0270]

[0271]
[0272]

[0274]

[0275]

[0276]

[0278]

[0279]
[0280]

[0282]

[0283]
[0284]

ZIHSd 10-2018-0063707

(3) =7HA] 126-3¢] 34

Br\_\@ ] B(OH), <\J>_ F
— . : $
Ay o -

126-2 126-3

A 126-2 (15 g, 0.041 mol), 2-fluorophenylboronic acid (6.90 g, 0.049 mol, sigma aldrich),
potassium carbonate (11.35 g, 0.082 mol, sigma aldrich), Pd(PPhs), (2.37 g, 0.0021 mol, sigma aldrich),

Toluene 200 mL, Ethanol 40 mL ¥Wil 4A1ZF &<t 37 wwksle] RESAIFTEH ¥bE T8 F H0 @ MCE ©]&3}¢

ZR27E 3 = A3 AA (N-HEXANE : MC)3Fe] <Z7HA] 126-3>2 12.2 g (58 78%) 45319 t).

(4) 2204 126-42] 3

1263 1264
XA 126-4 (15 g, 0.050 mol), N-Bromosuccinimide (7.72 g, 0.043 mol, sigma aldrich),

Dimethylformamide 200 mL 93 60 CollA] 12417 S wwkste] b AT, ¥bS 228 = 1) NaOH F89<S
WAl akAA A3 § A zste] <F3hA] 126-4>5 13 g (& 71.8%) TSI

(5) FZkA| 126-59] §H4d

Br
O

Vi T
S0 O‘Q

ZZHA] 126-4 (15 g, 0.033 mol), Nall (1.18 g, 0.049 mol, sigma aldrich), Dimethyl sulfoxide 200 mL ¥il
140 CollA 5A1ZF &<t wykele] wEAIZTE REE 5 5 H0 : MCol| TR E ¢ & A7AA (N-HEXANE :

MC)3le] <ZE7HA] 126-5>5 5.6 ¢ (& 39%) 5319 th.

1264 126-5

(6) Z31A 126-69] 34

O O O. . <Q\ﬁ@m . O OO
e 0

126-5 126-6

=34 126-5 (15 g, 0.034 mol), 4-aminobiphenyl (6.93 g, 0.041 mol, sigma Aldrich), Sodium tert-
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[0286]

[0287]
[0288]

[0290]

[0291]

[0292]

[0294]

[0295]
[0296]

ZIHSd 10-2018-0063707

butoxide (6.56 g, 0.068 mol, sigma aldrich), Zmu] Pd(dba), (0.98 g, 0.0017 mol, sigma aldrich), tri-

tert-Bu-phosphine (O 68 g, 0.0034 mol, sigma aldrich)oﬂ Toluene 200 mL= Y1 100 TolA 6A1%F Z<¢F
ukate] Wk A|ZTE, WS 8 F HO : MCol SEYE 3 & AHAAFA (N-HEXANE : MC)3le] <ZF7HA] 126-6>S

14.5 g (& 80.5%) $E3+9r}.

(7) FZA 126-72] 34

56— oy

126-7

Br

3-bromo-9H-carbazole (20 g, 0.081 mol, sigma aldrich), iodobenzene (41.4 g, 0.203 mol, sigma aldrich),
potassium carbonate (33.69 g, 0.244 mol, sigma aldrich), Cu (10.33 g, 0.162 mol, sigma aldrich),
dibenzo-18-crown-6 (2.93 g, 0.008 mol, sigma Aldrich), Dimethylformamide 150 mL ¥ar 150 CeollA 122417+
e wkate]l WEEAIZTH REE FE T B0 ¢ MCOl FREE & § AHPAA (N-HEXANE)Sk] <FHHAl 126-

>5 24 g (58 93%) F5EUTH

(8) F1kA 126-89] §H4d

¢
¢ Foek

@ ) . B N ;;-o

126-7

Z=7r4 126-7 (36.86 g, 0.114 mol), Bis(pinacolato)dibron (34.86 g, 0.137 mol, sigma aldrich),
potassium acetate (33.68 g, 0.343 mol, sigma aldrich), PdCl.(dppf) (2.488 g, 0.0034 mol, sigma

aldrich), 1,4-Dioxane 400 mL Y3l 95 TCollA] 12A17F B9t wukele] vk AIHTH, ¥-S Z8 3 H,0 : Toluene
of THIE 3 T AYPAHA (N-HEXANE : MO)3Fe] <F3HAl 126-8>S 19 g (& 40%) F5319

(9) F2A 126-99] 34

5oy

1268 126-9

2

=24 126-8 (17 g, 0.046 mol), 1-boromo—4-iodobenzene (15.68 g, 0.055 mol, sigma aldrich), sodium
hydroxide (5.54 g, 0.138 mol, sigma aldrich), Pd(PPhs); (3.26 g, 0.0028 mol, sigma aldrich), THF 200

mL, & 60 mL $aiL 60 CellM 12413t &t ankste] wbeAZT, whg T8 F HO0 @ MCE o]&sto] SZdE
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[0298]

[0299]
[0300]

[0301]

[0302]

[0304]

[0305]
[0306]

[0307]

[0308]

ZIHSd 10-2018-0063707

& 5 A7GA (N-HEXANE : MC)3she] <F3HA] 126-9>5 16.9 g (58 92%) 533t

(10) 33tE 1269] A

® WeaV, e -

ogn - : paasas
O O‘Q @:\ W @

126-9 126-6 126

Z=ZHA) 126-9 (10 g, 0.025 mol), =7+A] 126-6 (15.9 g, 0.030 mol), Sodium tert-butoxide (4.83 g, 0.050
mol, sigma aldrich), v} Pd(dba), (0.72 g, 0.0013 mol, sigma aldrich), tri-tert-Bu-phosphine (0.51 g,

0.0025 mol, sigma aldrich)el] Toluene 150 mLE YL 100 CollA 6A17F F¢F wytadle] wFS A AT, whs =8
T 0 ¢ MCOl RS 3 T AWAA (N-HEXANE : MCO)3le] 3t8E 126S 17 g (58 80%) F53+3itt.

H-NMR (200MHz, CDC13): & ppm, 1H(8.55/d, 7.94/d, 7.93/d, 7.89/d, 7.69/d, 7.66/d, 7.63/d, 7.57/s,
7.55/d, 7.45/m, 7.41/m, 7.33/m, 7.32/m, 7.28/m, 7.25/m, 7.07/s) 2H(7.87/d, 7.77/d, 7.58/m, 7.52/d,
7.51/m, 7.50/d, 7.38/m) 4H(7.54/d, 6.69/d) 6H(1.72/s)

LC/MS: m/z=844[ (M+1)']

Ao 11 ¢ 31SHE 1339 A

A 1266 (10 g, 0.019 mol), 2-amino-9,9-dimethylfluorene (8.99 g, 0.023 mol, TCI), Sodium tert-
butoxide (3.65 g, 0.038 mol, sigma aldrich), Zw] Pd(dba), (0.54 g, 0.0009 mol, sigma aldrich), tri-

tert-Bu-phosphine(0.38 g, 0.0019 mol, sigma aldrich)el] Toluene 150 mLE ¥l 100 CeollA 8A|ZF F<F nvk
sto] WhgAIZATH WES FE F HO0 : MCOl SEEE ¢ & HAHAA (N-HEXANE : MC)3she] 8ghE 1338 13 g

(54 81%) F5aharh.

H-NMR (200MHz, CDC13):§8 ppm, 1H(7.93/d, 7.89/d, 7.77/s, 7.66/d, 7.63/d, 7.62/d, 7.57/s, 7.41/m,
7.32/m, 7.07/s, 6.75/s, 6.58/d) 2H(7.87/d, 7.55/d, 7.54/d, 7.52/d, 7.51/m, 7.28/m, 7.26/m, 6.69/d)
3H(7.38/m) 4H(7.33/m, 7.11/d) 6H(1.72/s)

LC/MS: m/z=844[ (M+1)']
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[0310]

[0311]
[0312]

[0313]

[0314]

[0316]

[0317]

[0318]
[0319]

[0321]

[0322]
[0323]

ZIHSd 10-2018-0063707

3o 12 ¢ 3IsHE 1349] 34

20

N\ /9
126-6

A 1266 (10 g, 0.019 mol), 2-amino-9,9-dimethylfluorene (6.21 g, 0.023 mol, TCI), Sodium tert-
butoxide (3.64 g, 0.038 mol, sigma aldrich), Zw] Pd(dba), (0.54 g, 0.0009 mol, sigma aldrich), tri-

tert-Bu-phosphine(0.38 g, 0.0019 mol, sigma aldrich)ell Toluene 150 mLE YL 100 TeollA 8]t &<t muk
ato WESAIZITE. WS TR F 0 0 MCol SRElE 3 5 AR Al (N-HEXANE ¢ NC)ske] 3§t 1345 11.3 g
(& 82.8%) F53I3ltt.

H-NMR (200MHz, CDC13):86 ppm, 1H(7.93/d, 7.89/d, 7.77/s, 7.66/d, 7.63/d, 7.62/d, 7.57/s, 7.41/m,

7.32/m, 7.07/s, 6.75/s, 6.58/d) 2H(7.87/d, 7.55/d, 7.54/d, 7.52/d, 7.51/m, 7.28/m, 6.69/d) 3H(7.38/m)
12H(1.72/s)

LC/NS: m/z=719[ (M+1)']

el 13 ¢ 3FehE 1469] §H4d

(1) 314 146-19] 34

OH
Br
s v 3y —— OO
= Br
|

146-1

2-bromo-4-iodophenol (20 g, 0.067 mol, yurui), 4-biphenylboronic acid (15.90 g, 0.080 mol, sigma
aldrich), potassium carbonate (18.50 g, 0.134 mol, sigma aldrich), Pd(PPhs), (3.87 g, 0.0033 mol, sigma

aldrich), Toluene 250 mL, Ethanol 50 mL YL 4A]%F B<oF 85 wkate] WA TH, Wke F8 3 H0 : MC
Z o] &3l FEIE 3 T AFAGA (N-HEXANE : NC)3le] <F7HA] 146-1>8 17.4 g (5-& 80%) F~53FTt.

(2) 2204 146-22] 3

\
Br

— 7NN

3 F —OH

(—>%4<;3>_<;:>_0H " [i:rBth_____, \::/_{;:/ xgg%_
146-2

146-1

=24 146-1 (20 g, 0.062 mol), 2-fluorophenylboronic acid (10.33 g, 0.074 mol, sigma aldrich),
potassium carbonate (17.00 g, 0.123 mol, sigma aldrich), Pd(PPhs), (3.55 g, 0.0031 mol, sigma aldrich),

Toluene 250 mL, Ethanol 40 mL ¥Wil 4A1ZF &9+ 37 uwksle] WESAIFTEH ¥bE T8 F H0 : MCE ©]&3}¢]

SEHE 3 & Ad4gA (N-HEXANE : MC)3led <Z7HA] 146-2>5 17 ¢ (5°& 81%) F5313it).
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[0325]

[0326]
[0327]

[0329]

[0330]
[0331]

[0333]

[0334]
[0335]

[0336]

[0337]

[0339]

[0340]

ZIHSd 10-2018-0063707

(3) =114 146-39] A

Br

7N\ -
OO0 o
B
= 7 N\
146-2 C\—_/ F_<\:/

146-3

=24 146-2 (15 g, 0.044 mol), N-Bromosuccinimide (8.63 g, 0.049 mol, sigma aldrich),
Dimethylformamide 200 mL Y3l 60 TolA 12A1%F ¢t wwlsle] whex AT wWhe 28 Z 1M NaOH F8HAS
D3 wWHkAA o33 I HAzete] <F7HA 146-3>S 13.5 g (& 73%) FE39T).

(4) ZzA] 146-42] A

-
R

ZZHA] 146-4 (15 g, 0.036 mol), NaH (1.03 g, 0.043 mol, sigma aldrich), Dimethyl sulfoxide 200 mL ¥ il
140 CollA 5AIZF &<F wuksle] ¥ AT, ¥H8 F8 T H,0 @ MCol SEYE 3 & AHAA (N-HEXANE

MC) &t <FZHA] 146-4>% 5.7 g (& 40%) F535Fc).

(5) 3;1,51— 146/] 51—}\4

B \

O r \_\—
Y
\ \_/

< — (

I\ =
=/ Ny

/an Ol \ /O

— \—/ {

1464

Z=ZHA) 146-4 (10 g, 0.025 mol), =7+A] 75-3 (10.86 g, 0.042 mol), Sodium tert-butoxide (4.81 g, 0.050
mol, sigma aldrich), v} Pd(dba), (0.72 g, 0.0013 mol, sigma aldrich), tri-tert-Bu-phosphine (0.51 g,

0.0025 mol, sigma aldrich)ell Toluene 150 mLE YL 100 TolA 4A17F BQF wwlsle] WA AT W 28
S H0 : BAYl ZEEE 3 5 AUAA (N-HEXANE : EA)St] 3185 146 13.9 g (58 81.6%) 5389t}

H-NMR (200MHz, CDC13):§8 ppm, 1H(7.89/d, 7.87/d, 7.66/d, 7.62/d, 7.57/s, 7.55/d, 7.32/m, 7.28/m,
7.07/s, 6.75/s, 6.58/d) 2H(7.54/d, 7.41/m, 7.38/m, 6.69/d) 4H(7.52/d, 7.51/m, 7.25/d) 6H(1.72/s)

LC/NS: m/z=6790 (M+1)']

2Ap AA e

B ool w2 AAldoA, ITO ¥ A= 25 mm X 25 mm X 0.7 mm¥ 8] 713 9o, 1T0 T3 o]
2 110 8 713& ol&ste], g wWHoe] 2 mm X 2 mm 277} HEE dEHY & ARG, 71HS

2 4o
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[0342]

[0343]

[0344]

[0346]

[0348]

[0349]

[0351]

[0352]

[0353]

[0354]

ZIHSd 10-2018-0063707

2 AWo] AR T wo]x ko] 1 X 10 torr7t HEE & & §7]28 A7) 170 9o 37 T2z §7]%
I} F5& SHEAY

2zp AAjd 1T WA 15

el mE [EehA 112 T3S dghes AAAATY =R s, sr|ek 22 A 7RE e
4 g FI A A XPE Azsto], g BE&S EAI B} EAAE SASG.

IT0 / BEFYZMHAT_CN 5 nm) / BEFE5Z(a-NPB 100 nm) / AAAXZ(10 nm)/ FZ= (20 mm) / AAFS
= (201:Liq 30 nm) / LiF(1 nm) / Al (100 nm)

10 59 Aol 4353 2457 918 LN o 83ke] AFFRF FAS 5 mz 43 53 %
Moz PAeti, oF AFFEES oNPBE MGl Asiglt. A% A44Fe ¥ dgesn pdsH: 5%

21 29, 38, 48, 58, 69, 75, 86, 96, 111, 126, 133, 134, 146, 155, 176& A&3}
oh, we, wgZdE 3AE FFEZE [BHL]S AMRStn, ERWE S¥MERZ [BD1]
Ax7l Hes: Auslg o tq F7ME AR 43317 [201] 3HE Liq 50% %3) 30 nm 2 LiF 1nm 2 43
= o
(e} __.

o)
v 100 nmE SEHY e I A | L o= i e o

22F vlald 1

At Wil 18 A% R/ AANFEGE B2 QA6 19 24T7EAA ARAAFE A BE AL A

Adel 1 &2 AAld 1 WA 159 &g 54

7] AAldel mEt Az {71 A AL F RS Source meter (Model 237, Keithley)®} 3 %A (PR-650, Photo
Research) & o]&3sle] WS, Wi 2 W3 &8 SAHsINL, 7 EE 10 mh/ a7t 5= d¢S "F5 dg"
o8 Aoste] vlusiitt. d¥e 87 (& 113 2.
# 1
A4 ARA A 5 i cd/A QE(%) CIEx CIEy
1 3}st2] 29 4.18 8.13 7.62 0.145 0.154
2 3}3H2] 38 4.20 8.07 7.60 0.145 0.155
3 3}st2] 48 4,22 8.19 7.70 0.144 0.154
4 3}32] 58 4.20 8.18 7.65 0.144 0.155
5 ek 69 4.16 8.12 7.64 0.145 0.155
6 3}3H2 75 4.08 8.20 7.72 0.145 0.155
7 3}k 86 4.13 8.15 7.65 0.146 0.154
8 3}3H2] 96 4.10 8.16 7.60 0.144 0.155
9 334 111 4.15 8.04 7.68 0.146 0.156
10 3}312] 126 4.23 8.03 7.64 0.145 0.154
11 3}3}4 133 4.21 8.14 7.68 0.145 0.155
12 318k4] 134 4.17 8.20 7.71 0.144 0.154
13 3}3}4 146 4.07 8.12 7.67 0.145 0.154
14 3}8k4] 155 4.14 8.10 7.65 0.145 0.155
15 3}34 176 4.16 8.13 7.62 0.144 0.155
H] .4 A8 Qret 4.14 5.4 4.6 0.147 0.156
71 [F 119 el Z23ts Aupy, Wz 2 gy g [318hy] (12 e 3ES daxxE 3
FE= A& 2z A5, FH (L))ol Hlste] B3 58, A 28 5 TG 540 dAs]
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