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[0132]
[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]
[0142]

[0143]

[0144]
[0145]

[0146]
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Br. Br >%o o>§<
= o) Buli -B -
NBS () s B0 n-BuLi O B-0
. CH,CI o THF " O
Et o N )7 -78°C ->rit.

Et N
E2t A 5}551
Z7H A2 34
9-o| & 7}u}=2(9-ethylcarbazole) 20.13g(100.0mmol ), N-H 2 2 <=Alo]u] = (N-bromosuccinimide :NBS)
3.738¢(210.0mmol), % CHCl, 100nLE 3 ERES F(SF 25C)ollA anksto] F3A A 53.54g(98%2]

£)8 S5

1
H-NMR (300 MHz, CDCl3): d= 8.121 (s, 2H), 7.568 (d, 2H), 7.281 (d, 2H), 4.319 (q, 2H), 1.419 (t, 3H)

13C—NMR (75 MHz, CDCl3): d= 138.8, 129.0, 123.5, 123.2, 111.9, 110.1, 37.81, 13.69
slaE 19] THA

-76°C¢ Zglolofo] A 2o A kA A 2.758g(10.00mmol )S H Eg}slo] =2 F2H(THF) 20mLe} Z3}3]
-RE g E(n-BulLi) 15.6mL(1.6M in &AF(Hexane), 25.00mmol)E #H7}s & 2X7F B¢k -78Col A

2-0| AT ZEZAN-4 4 5 5-HEZHE-1.3. 2—‘:]—Q—/\]'EEE]'(Z—iSODFODOXY—ZL 4,5, 5-tetramethyl-1.3.2-

dioxaborolane) 6.3mL(30mmol)& THF 10mL¢} &3l &£3ES H7lsloth, o] & &EE AL (oF 25C)0 &

£ wyrale], 3HEHE 1 2.50g(56%9 &) 5T

1

H-NMR (300 MHz, CDCls): d= 8.700 (s, 2H), 7.957 (d, 2H), 7.439 (d, 2H), 4.435 (q, 2H), 1.477 (t, 3H),

1.418 (s, 24H)

FC-NMR (75 MHz, CDCl3): d= 142.1, 132.0, 128.1, 122.9, 107.8, 83.5, 37.6, 24.9, 13.7

gAdd 2: 3HE 29 dHA

at7] WheA 20 whet shehE 25

o
o,
(<0
o
32
i

Fe(llCl N
0 e o asey ]

oy N
Et S2Hdl B Et
E2H €
Et
N
o =
0-8 A
e Q0 %
THF N 07%<
78°C >t ‘
T Et
see2

z{}ﬂ Bo] 3

o d7kukE 20.13g(100.0mmol ), Fe(II1)Cl; 13.06g(210.0mmol), % CHCl; 20mLE “&-ZolA nykel &

9- ;{éx'ﬂé]'
o] FZHA| B 34.97g(90%9] +&)& FAsIA ).
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[0150]
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[0152]

[0153]
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[0159]
[0160]
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SEE46 10-1736973

'H-NVR (300 MHz, CDCl3): d = 8.443 (s, 2H), 8.234 (d, 2H), 7.882 (d, 2H), 7.549 (m, 6H), 7.307 (d, 2H),
4.487 (q, 4H), 1.535 (t, 6H)

“C-NWR (75 MHz, CDCL,): d = 140.3, 139.0, 133.5, 125.7, 125.6, 123.5, 123.2, 120.6, 119.1, 118.8,
108.7, 108.6, 37.6, 14.0

=7F4] Ce] 3HA

Z7A B 34.97g(90.00mmol ), N-BZRSAloln| = 40.05¢(225.0mmol), 2 CH,Cl, 90mLE -2olA &3t & 4
Aske] F7HA] C 48.182(98%2] F8)S FHAdsH3itt.

1
H-NMR (300 MHz, CDCls): d = 8.335 (d, 4H), 7.854 (d, 2H), 7.583 (d, 2H), 7.492 (d, 2H), 7.280 (d, 2H),
4.389 (q, 4H), 1.480 (t, 6H)

13C—NMR (75 MHz, CDCly): d = 139.3, 138.9, 133.4, 128.3, 126.1, 124.8, 123.2, 122.5, 119.0, 111.6,
110.0, 109.0, 37.7, 13.8

5|32 99] A

-78T ¢ =glojolo]x Hjzto| A FZHA C 5.462g(10.00mmol)S HIEg}slo] =2 F2H(THF) 20mLe} E¢tsla =2
-2 g E(n-BuLi) 15.6mL(1.6M in #AF(Hexane), 25.00mmol)S 713k 3, 2A17F FoF -78TolA iyt &
2-0|AX R EA-4 4 5 5-HEZHE-1.3.2-t] A 2 & (2-isopropoxy—4,4,5,5-tetramethyl-1.3.2-
dioxaborolane) 6.3mL(30mmol)S THF 10mL%¢} Z3Hal E3ES H7189dut. o] & 52 AL (9F 25T)0 2
Sl unlste], SHHE 2 2.95g(46%9] F&)S F5IATH

s

'H-NMR (300 MHz, CDCl3): d = 8.74 (s, 2H), 8.53 (s, 2H), 7.99 (d, 2H), 7.89 (d, 2H), 7.54 (d, 2H), 7.47
(d, 2H), 4.48 (q, 4H), 1.53 (t, 6H), 1.45 (s, 24H)

Ao 3: 3EE 39 A
71 g 3ol weh shiHE 3% ST

g 3>

= CeH1z  CeHiz
\ 2 . Cul, 1,10-phenanthroline, K,CO4 O CH NBS
Br O'O Br DMF . R SETS
155 °C O rt.

S2tH D

Gy
Br N
N O CgH
Br Cul, 1,10-phenanthroline, K,CO3 6113
O CeH13 +

DMF CH
> 155 °C O e
O CeH13 N
2t F O O
B mamE

=74 D2l A

Iz

Izg
.

O

FhutE 17.06g(100mmol), 2,7-TlB 2% -9 9-t] 3 A -9H-ZF 2 dl(2,7-dibromo-9,9-dihexyl-9H-f luorene) 50.75g
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[0163]

[0164]
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[0173]

[0174]

[0175]

[0176]
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(100.0mmol), Cul 1.904g(10mmol), 1,10-#HIFEZ 5.460g(30.00mmol), K05 23.46g(170.0mmol), = =€

ZE2olu E(dimethyl formamide:DMF) 100mLe] E3FES 155Col| Al 12A17F B¢k wwale], =704 D, 40.50g(70%
o] F8)E AU

1

H-NMR (300 MHz, CDCls): d = 8.235 (d, 2H), 7.933 (d, 1H), 7.690 (m, 4H), 7.487 (d, 4H), 7.387 (m, 2H),

2.063 (m, 4H), 1.558 (m, 12H), 1.203 (m, 10H)

13C—NMR (75 MHz, CDCl3): d = 153.2, 152.2, 141.0, 139.3, 136.8, 130.2, 126.3, 125.9, 123.4, 121.8,
121.5, 121.2, 120.9, 120.4, 119.9, 109.7, 55.7, 40.2, 31.5, 29.6, 23.8, 22.5, 14.0

=74 E9] 34

=24 D 40.50g(69.99mmol), N-B 2R <=Alolu]|=(N-bromosuccinimide:NBS) 10.85g(6.499mmol), = CHyCl,
100mLE ¥8at B2 A (9F 25T)dA mut 3l 88E 5. 36.82¢(80%2] FH)E =319},

1H—NMR (300 MHz, CDCly): d = 8.344 (s, 1H), 8.127 (d, 1H), 7.665 (d, 1H), 7.558 (d, 1H), 7.505 (m, 7H),

7.287 (m, 2H), 2.063 (m, 4H), 1.195 (m, 12H), 0.872 (m, 10H)

13C—NMR (75 MHz, CDCl3): d = 153.9, 142.7, 141.1, 139.5, 136.3, 130.8, 126.3, 125.7, 123.5, 121.8,
121.5, 121.3, 120.4, 120.9, 119.8, 109.6, 55.5, 40.3, 31.3, 29.1, 23.8, 22.8, 14.5
3} s 2 39] ThA

=24 E  6.575g(10.00mmol), =7+A F  2.461g(10.00mmol), Cul 190mg(1.00mmol), 1,10-d#dE
546mg(3.00mmol), K.COs 2.346g(17.0mmol), F vlWEXEEolu|=(dimethylformamide:DMF) 20mLe] &3E&ES 155

TAA 12A17F B9t wukale] | 314 D, 4.607g(56%S) F6)2 FA43H5lt).

'H-NMR (300 MHz, CDCls): d = 8.536-7.282 (m, 20H), 2.320 (m, 4H), 1.191 (m, 12H), 0.627 (m,
10H)

7] F0A FE 7] whea) 3ad] weh et o] skt FhukE (8.708g, 50.00mmol)g N-H.
Z R LA Fe) 1 = (NBS)(8.899g, 50.00mmol) ¥ BIE&}3| =2 FEH(THF) 100mle] EIELS A2(25T)dA wwksl
o], FZHA F 11.70g(95%2] &) E 53}

'H-NMR (300 MHz, CDCl3): d = 11.701 (br, 1H), 8.205 (d, 1H), 8.015 (s, 1H), 7.504-7.201 (m, 5H)
13C—NMR (75 MHz, CDCly): d = 135.4, 131.4, 124.0, 122.2, 121.1, 121.0, 120.1, 118.9, 113.3, 111.1
<g}sta) 3A>

NBS

THE Br

IZ
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[0178]

[0179]
[0180]

[0181]

[0182]

[0183]

[0184]

[0185]

[0186]
[0187]

[0188]

[0189]

[0190]

[0191]

Ni(cod)s, 2,2"-bipyridyl

SEE46 10-1736973

THF
60 °C

sgl= 3

&7 @A 3elA e st

106mg(0.6758mmol), = THF 10mL

e 3

222mg(0.2703mmol ) ,
52 60TA

Ni(cod),
nREEke] | EX 1, 130mgS 5

186mg, (0.6758mmol),

Sahole.

2,2'-bipyridyl
o B3

'H-NVR (300 MHz, CDCly): d = 8.527-7.192 (m, 20H), 2.318 (m, 4H), 1.201 (m, 12H), 0.637 (m, 10H)
A 19 Mw(E%F Hat £AF) = 114440, PDI = 2.31

Ao 5: 3Ez} 29] A

&t7] kg4 5ol weh aEAt 25

Br B ]
N - f ) O
%0 Qj§< CeH !
oB _PBo . *'* Pd(OAc),, P(Cy)s, Bu,NOH Et
@\;(/ \:/ CeHiz THF
L N 70°C
. _
sHas1 e - 1
EEEE] 2232
271 FdAdeleld A E SEHE 1 94 mg(0.2093mmol), 3Hek= 3 172mg, (0.2093mmol), ZEHgE(I1) oAlHC|E

(Pd(0Ac)s) 10mg(0.04186mmol),
Eohn-3Egh
sukste], w2
"H-NMR (300 MHz,
(m, 12H), 0.637 (m, 10H)

AR} 29 Mw(=F

6: 3EA 39] A

3lo] == ALo] = (Bu,NOH)
. 182mg & 53T

CDCl3): d = 8.

EYAZF2I AT ~A(tricyclohexylphosphine:P(Cy)s) 24g(0.08372mmol), FH

1.8mL(1.8318mmol), = ST 20mLe] EFES 100TlA

527-7.192 (m, 26H), 4.472 (q, 2H), 2.308 (m, 4H), 1.674 (t, 3H), 1.201

B[ BEx}EF) = 49580, PDI = 2.51

WS 6ol weh nEA 32 T skl
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[0192]

[0193]

[0194]

[0195]

[0196]

[0197]

[0198]

[0199]

[0200]

[0201]

[0202]

[0203]

[0204]

SEE46 10-1736973

)
<RE-g-2] 6>
/ \ S = —
Et = |
N v N a .
S / 9 < ét 2
—/ T\ B-o
o _ - Pd(OAc),, P(Cy)s, BuyNOH CeHyz
5 > — <
7% N ’]‘ THOF O CeHis
L 70°C ¢
7

2R3

Ao 29 3}eHE 2 137mg(0.2137mmol) % 3EE 3 175.8mg (0.2137mmol)S AM&3SFttE AS A9s)t
= A7) A 53§ WHE o83l 1EA 3, 127mgS 533U

"H-NMR (300 MHz., CDCls): d = 8.527-7.192 (m, 32H). 4.494 (q. 4H), 2.308 (m. 4H). 1.695 (t, 6H). 1.201
(m, 12H), 0.637 (m, 10H)

a2F 39 Mw(F H+ #AHF) = 57300, PDI = 2.33

Hrkel 1 : 33E wg B HUl (£ AHE)

A7) A 1 UA] 39 UV &5 A9 E
< sk, WA, 1EA 1

(Shimadzu UV-350 Spectrometer)Z o]&

3 1 AFAE T 20 JERATH

StH, 1A 18 7l 1mM w22 3|AAIA, A=(Xenon) $E7} daE o] Q)

HE (Spectrofluorometer)& ©]83}o], PL(Photoluminecscence) ~HE &

to] WkEslal 1 23S E 30 YERSIT.

=2 2 30828 gd F 18 1 YA 3& 53 S EXAS YEY

o

A 19] FHu) PL 9 vbge o 398mel i, P 39 %

2 PL(photoluminescence) ~HAEHS FHrlgtoax 2zt uExte] 4t
EFqldd 0.2mMe] FEZ FHAAA, Awl= fHo]-350 LA EZWE
H

bl UV B4 ~HERS S4SAG. o wiA 39 vhstel s

o mlo o

i

fajss)
o

AN 1

ITO(indium-tin oxide) & E|7|% flo] Y £ A= 7|¢ES 7j3e] AAS 5, 105 734 FA9 oA

EZ o83t ok oz dEdstal vA] %ol AlAEIY. A7) 110 5ol PEDOTS E9+3 A&

$% 48 A= (Bayerite] Batron P 4083)% <F 50nm 9] FAR w30l mYI I 200ColA 2 0.54]

7+ Bk wlolF (baking)stel AE 43S FAEAT. AV AE 7EF A, SEZ29A1(Chlorobenzen

e)ell A7 &A1 2 Ir(ppy)s(5 wth) = 23e L343 48 2AES 29 3938, 180T &keA 30
27 B FES IS 2HE

w1k Ho] AHestel aFA 1 R Ir(ppy)ys EFT TFFS AU A7
& 248 29 39 A 0.2m FHE st A7) AT FE5EF
= P

&2 zd%ozR, 27t 50nm 9 25mme] HEE &)
[

-~

M o

ox %8
N

of\ of
=
]
S
X
_
O|
g
-
o
o,
il
=
D
o,
)
v
=2
=
[t
)

-~ oj
ol\
Ly
o
9
N
S
g
1o
2
_>|4_,
+
oy
ofj
ifl
oX,
ot
o

S el LiF 3L ALS SR SR6ke],
+

2=
(] T

9% (m) 3 A2 F(100m) & =345 0w FAe], F7]
g ARSI, FH A R Y v 4 =

AF&w= I8 29 AlA (crystal sensor)E o83+



[0205]

[0206]

[0207]

[0208]

[0209]

[0210]

[0211]

[0212]

[0213]

[0214]

[0215]
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B4 1
g2 A A i 1 gile] CBP(4, 4'—N N'-t]7}u}Z-n]#d: 4,4'-N,N'-Dicarbazole-biphenyl) S A}-83}
At AE ALstae F7] AAld 19 U HeR {7 w3 AxE AT

H7t 2

A7) AAE 1 WA 2 2@ oHlae] 19 §7] 23 Ao thske] PR650 Spectroscan Source Measurement
Unit.(PhotoReaserch)Z o]&3}e], A7] WF(electroluminescence) A7), AF =%, = 2 (AF) & F

he asgc.

G710 Al 1, 2 B vae] 12589 Az f5r] 23 ke 72 32 A Aestd e & 19 2ok

* 1
No. o= 4E 753 Eleaes AR w55 | A2 F9%5 ag
JANAE [cd/A]
A 1 170 PEDOT:PSS | 3232} TPBi LiF(1nm) 15.1
(150)mm (50nm) | L:Ir(ppy)s (40nm) /A1(100nm) (6.0V)
(5 wt%)
A Ao 2 170 PEDOT:PSS | 3152} TPBi LiF(1nm) 26.0
(150)nm (50nm) | 3*1r(ppy)s (40nm) /A1(100nm) (6.2V)
(5 wt%)
)] 1 IT0 PEDOT:PSS | CBP: It (ppy)s; TPBi LiF(1nm) 25.0
(150)nm (50nm) (5 wt%) (40nm) /A1(100nm) (6.0V)
AA G 19 7] wF 249 -7 BF A7) Az w42 FxET. G7A, AAd 2 2 e 1
R 33Eo] EHERA Ir(ppy)ss ARESEE, AAld 2 2 e 19 F7] WF Axpe] 3g-Hd7] g
A7) aEs R % 4%k FAFE FAASATh. m=E, A 1, 2 2 viwd 19 A%-AF 2w T 3
A3 =z 247 = 5 2 6 FFo0

& YERAaL, A

A7) 7 12RE, AAd 19 §7] @33 AZ= 6.0Ve] FE A stolA 15.1 cd/A) &8
e 19 f7] JaL A=
=

291 §7] 234 AxE 6.2Ve] P AL slolA 26.0 cd/A9) &S JEhfa, ®w
6.0Ve] T At stellA 25.0 cd/A

o] &5 YEdS & 5 k. ¥ 19 AR 58S Fsk], A7
A 1 B3 2 4 Qg EHEC digte] Q13E TAER FEste], afHoR ouAE dE(transfer)d
FAEE g T A
AFE TAER 7]E FE AR T 54 JdF EHE dgte] TrER A8 F s Awn d2A A
7] Aot 19 w3gel ARSE (BPE & 4 AT k& 59 A-di HE ad2E Sl 7] AAld 18
29] ol ARgE uEA 1 H A 3 Wlald] 19] gFo] AHgE (BPRY =2 M3 o)F HEE Zh=
= EE‘l, =69 AY-FE adZE Febe], A 1R 3E A7 AL AAjd 13 29
7] W AR BPE G wlale] 19] f7] W A vkl -3 s S & 5 U
oje} Fo] = 5 WA 6omNFH HAld 1 29 f7] G A= 5 A7 54 TS 9T A

100 7] &g 27

11: 7]
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