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n 10 WAl 2009 4=olct.

Ee B oune] My Rt el B8 F shbE EAEE Ao] mgsith

71 AelA, k, me 0.50]aL, n& 5 WA 1009 Ao v},

2 dge] wme I uEAe] FREAEAES 10,000 WA 100,00091 Zle] whghAEich, FEFE gt B
=SS

10,000 ®RFQ] 7 f-ol= S| EA EARE] A& A Kslo] vpgAsA] Eekar, 100,000
>

2 ool A A A7) shEA] 19 3 aEA SEY dEe, (9,9 -thol FA-9F-EH ) (1-Alob
of o ’|-1,2-t}o] ) (9,9-R] - (6-7FutE-9-d -8 A ) -9/ 2] 3l (2-Al o} ol o |l -1, 2-T}o] ) ) (Poly((9,9'-
dihexyl-9/f luorene) (1-cyanoethene-1,2-diyl) (9,9-bis-(6-carbazol-9-yl-hexyl)-9H#-f luorene) (2~
cyanoethene-1,2-diyl)), ©la} CzCNPFV1elekil ghr}.), E2]((9,9'-tho] I A-9-Z 2 3l) (1-Alob o §l-1,2-1}
°]'d)(9,9-H] - (6-7htE-9-d -3 ) -9 &2 ) (2-Al o} e ’I-1, 2-Tho] d )-co-((9,9' -Tho] S A -9/ Z & 4l ) (1
Aol ®l-1,2-t}0]d) (9,9 -tfo] N A -9f-Z 2] 7)) (2-Al o} ol §l-1,2-T}o] d ) ) (Poly((9,9'-dihexyl-9H
fluorene) (1-cyanoethene-1,2-diyl)(9,9-bis—(6-carbazol-9-yl-hexyl)-9/f luorene) (2-cyanoethene-1, 2~
diyl)-co-((9,9'-dihexyl-9H#-f luorene) (1-cyanoethene-1,2-diy1)(9,9'~dihexyl-9/f luorene) (2-cyanoethene~-
1,2-diyl)), ©l3} CzCNPFV2elet &ot.), Z£e((9,9'-thol I A-9-Z 2] dll) (1-A ool ®l-1, 2-tfo] d ) (9-F A -
(6-7HE-9-9-N A )-9F-Z 2 ) (2-Al o} ol ©l-1,2-T}o] d ) (Poly((9,9'-dihexyl-9#-fluorene) (1~
cyanoethene-1,2-diyl)(9-hexyl-(6-carbazol-9-yl-hexyl)-9H#f luorene) (2-cyanoethene-1,2-diyl)), o] s}
CzCNPFV3olg}l gtth.) & & 4 Jow, olF AAe AWl §7] &ud & mom g g&o] o} 7]
g o] AREA FE8A ol&" Utk

27 SskE F A7) e 12 2due 284 sEERe, 89,9 -tho] A A -9-E 2 ) (1-A] of ol o '
-1,2-tho] ) (9,9-H] 2= (6-7FukE-9-d -3 A ) -9 2 dl) (2-Alof ol o ’1-1,2-T}o]d))  (CzONPFV1), &%
((9,9'-tpol A -9/-Z 2] &) (1-A o} o ¥l-1,2-t}0]1 d) (9, 9-H] 2~ (6-7}H}E-9-d -2 -9 - Z 2] 9l ) (2-A] o} 0]
H-1,2-the]d)-co-((9,9'-tho] A -9/ Z 2] ) (1-A of .ol §l-1, 2-T}o] ) (9,9 -tho] A A -9/-F 2] 2l (2-A] o}
o 'l-1,2-t}o] d)) (CzCNPFV2), &2 ((9,9'-to] A -9/-Z 2 ) (1-A ok el ’l-1,2-tho] D) (9-F A - (6-7HiE
-9-d-AA)-9F-E ) (2-Al ok ’l-1,2-tho]d)) (CzCNPEV3)©] <tk

A7) e 3 W, 2,7-te|BER-g/-E e & Aok ThtES TR AEE =Y §, 2

it

H
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[0046] Z2((9,9'-tho] A A -9 Z &) &) (1-A o} ol o ©-1,2-T}0] D) (9, 9-H] - (6-FH}Z-9-I -3 2 ) -9 - Z &) A ) (2-4]
ofoflof ®|l-1,2-t}o]d))  (CzCNPFV1), Z]((9,9'-the]A-9f-Fe]dl) (1-A] o} ®l-1,2-t}o] d)(9,9-H] 2=~
(6-7F0tE-9-d-32) -9 &2 Al (2-A o} o ’|l-1, 2-The] ) ) -co-((9,9' -Tho] A -9/ Z 2] 3l ) (1-A] o} o] 'l -
1,2-tho] ) (9,9 -tho] AN A-9-Z ] &) (2-A o} o €l-1,2-t}o]d)) (CzCNPEV2), @ Z&]((9,9'-tho] N A-9-Z
2 @l) (1-A ol ol ’l-1,2-T}o] d) (9-3 - (6-71u}E-9-d -3 ) -9/ Z 2] 3l ) (2- Al o} .ol ’l-1,2-T}o] )
(CzCNPFV3) ] A7 Wk 1 2 whg-2] 20 ZA8}Sit).

[e)
w4 1
CeH1s_ CeHis CeHis CeHis
NaCH (aq) 4- Formylmorphollne
Br ' Br +  CgHysBr T e ' '
bMsO n-BuLi/ THF
1 2

CeHiz CeHiz CGH13 CoHiz CeH1s CeHis
DIBAL-H

- ' PBrs _ TMSCN '
THE  HO O O OH Br TBAFMeCN NC O cN

5

+ Br\/\/\/\Br _— Br\/\/\/\N

NaOH

4-Formylmorpholine
1 + 2 + 10 _ Br O Br —_—

DMSO n-BuLi/ THF

1+ 10 NaOH Br O O Br 4-Formylmorpholine
DMSO n-BuLi/ THF

[0047] 13 14

[0048] WA Lol vhebdl uks) o], B 2,7-vhelmEm-gr- Al (884 D3} I-RZRAA (384 2)E
AA 2,7-tho| Hmi-9,9'-thol -9 Zel A (3844 3)2 53w, 47] 2,7-The|HRw-9,9'-tho|d -
OFES (B84 3)S 4-ERBEAT WAA 9,9'-thol A A-9- Fel -2, T-thol AE Ao E (5814 H)E
FEHAL, 47 0,9'-thel A A-0f el -2, -tk A AU E (884 HEF Tolofol xR U TrE stol=e}
oJEsh whgsle] (9,9'-thel A A-T-stol EEA -0 Sef A2 RS (e 5% FEeAL, A7)
(9,9'-thol A A-7-sko] EZ A | W-0p Fel fl-2-)-vl ek & (84814 5)& EA%e 2 Evtolnzviel sl ukgs
of 2,7-H| 2R R E)-9,0' -tho] 1 A-0f-Fef Al (8314 6)& FEehi, A7) 2,70 A(HEmmE)-9,9' -t}
oA A9 S (314 6)2 Ectolrg U A olrtol =5t wSete] (7-AlokeE-9,9'-Tho] #4104 Fe] 9
2-d)-ohi e (84814 )& 5B,

[0049] Of-FhetE (8514 8)3} 1,6-TholnEw el (5314 )& whgate] 9-(6-H R A)-9f7HHE (5314 10)S
FEg,
[0050] 2,7-Chol BER-9-Z)dl (31344 1), 1-H2REA (381 2)9 9-(6-H=Re)-947huhE (38H 10)

_8_



[0051]

[0052]
[0053]

[0054]

[0055]

SIHSd 10-2011-0069451

S HHeAA 9-(6-(2,7-to| B R R -FA-gi-Z e dl-9-d) A A )-9/-7HuLE (3] 11D)S 58, A7 9-(6-
(2, 7-tfol H 2R -AN A9 Ze]dl-0-d) &) -9f-70tE (384 1D)E 4T EXAY JEAA 9-(6-(94-78)
Z-9-9)dA)-9-A A -9/ F Y2, 7-to] Tt L slol = (88hA] 12)E 53T},

2,7-tel B2 R-9F-Z e (3h8h] 1) 9-(6-H R R A)-9f-ukE (81314 10)& AZY whgslo] 9,9-u]2-
(6-7h1HE-9-d-1 )0/ F ] -2, 7-the| mwwlo] = (3184 13)& 5813, 7] 9,9-H12-(6-7hHE-9-d-
)9 Zejal-2, 7-Thol LErlo| = (848t 13)8 4-TUEX A} WSAA 9,9-8] A (6-FulH-9-d-81 4] )-
IF-Z ] d-2 7-tho]FtR & slo| & (3184 14)E FE3IT),

W84 2

Bu,NOH
7 + 14 CzCNPFVA
THF, MeOH

BuyNOH
4 + 7 + 14
THF, MeOH
m=n=0.5 CzCNPFV2
=
L/
BuyNOH
7 + 12 CzCNPFV3
THF, MeOH

H

g2 2 2 2] A Aol mE g adA Ede o wbgA 25 Farskd, (7-4)
ol H|E-9,9'-tho] N H-9f-F el d-2-d)-obH EYe| EY (3484 7)3} 9,9-H| - (6-7huE-9-E -3 )-9F-=2]
-2, 7-tho| LR g Hslo] = (3}8h4] 14), BwuNOH, HIEZSIo]=2FeH(THF) 18] MeOHS AF8-3te] YruA
%% (Knoevenagel condensation) 2.2 Z2]((9,9'-tho] A A-9/-Z & ) (1-A]o} oo El-1,2-Tt}0] ) (9,9-H] =
-(6-7HE-9-d-8) ) -9 Z 2] €ll) (2-Alobimo o ©-1,2-t}o] d)) (CzCNPRV1) (3FsH4] 15)& $=53hu}.

9,9'-tpo|AA-9-Z & dl-2, 7-tho] 7} F A H ol E (8184 4), (7-AlofeH€-9, 9'-t}o] A A-9/-F ¢ gl-2-d)-o}
MEYVo|ER  (3}e] 7)3 9,9-H] 2~ (6-FME-9-d-N2)-9f-F 2] 9-2, 7-tho| 7t R & d|slel = (8}E4] 14),
BwNOH, HIEZ}stol=2F&(THF) 2831 MeOHS AME-3Fo] YA F3HH (Knoevenagel condensation) o @ =
21((9,9'-tho| @ A9 ) (1-Alol ol ®l-1,2-t}0]d ) (9,9-H] 22~ (6~} E-9-H - A ) -9F-Z & ) (2-A] o} =
Al ®l-1,2-t}o|d))~co-((9,9'-tho] NA-9/FZ & &l ) (1-A] o} o /-1, 2-T}0] ) (9,9 -to| A A -9-F & ¢ ) (2-A]
ol-oBl-1,2-t}o]d)) (CzCNPFV2) (3} 16)& 53k},

(7-Alot oM e-9,9'-to| A -9[-F 2 d-2-d)-ofNEYe| EY (33h24] 7)3} 9-(6-(9F7HE-9-d) A4 ) )-9-3)
A-9-Z8W-2,7-tpo] 7t A |slo]| = (3184 12), BudNOH, ®lE&}slo|=ZFeH(THF) ZE]il MeOHS AF&-3}o]
yxy2 3 (Knoevenagel  condensation) &2 EZ2]((9,9'-tho] A -gf-Z el ) (1-A] o} ol §1-1,2-T} 0]
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D) (9-AA-(6-7HtE-9-H-AA)-9F-Z 2 2) (2-A o} ol | -1, 2-T}o] d)) (CzCNPFV3) (38182 17)& F53tt.
B e A7 g AEAE ol &ste] Az Y] G A H G duyA] ME aaE Al

zZhe] A FEE =AEA . & 18 Fastd, 8 =25 EaY 7

W A= (semitransparant electrode)(2)S FAsta, 47| HEd
7<45|L(Sem1transparant electrode)(2) o 84 E&= fF7I8Z o|Fo AF —’F’So(ho e transporting
layer)(3)& FA3GITE. BF F535(3) 47 23 E24E& =xdte] &d 1845 o)&

S HA

O [e) = O O

Stal, A7) whagE(4) AR AFAwrE(hole blocking layer)(5)S dAdsgith. AEx }%%(5) AR =)
%% (electron transport layer)(6)S ¥Astal, A $£45(6) dFd ZHCa): &¢FuEAl) 35 A=

(N& 342 & At

B omge et Aohe TEE AT o] SA9 B U st A U 9FAZ A
el FEAS GHGoRA, A4S £EE 989 sol WY BEE S P ohle, #71 gvid a7
Psabl omA Az g0l folsbl At okgdl A7) A W 248 Fdel AAsT A g &
Aol o & & Wl ohle, ¥/, Wk A71H ATl pgeirhe P Aa At

oleh, AAE FuE sho] ¥ wHE mrh AsA FPaTh srle) ANdE B uge FAgeR Ays

\

/\E]
2t Aol al7lel AAldel oJete] B wnel Wt ARHAL gt
AR o

<AAld 1>

Z2)((9,9'-tpo) AN A -g-Z 2] @) (1-A o} ol o -1, 2-T}o] ) (9, 9-H] - (6-7}H}E-9-I -84 -9 - Z 2] &l ) (2-A]
ol o Bl-1,2-t}o]d)) (CzCNPFV1) (884 15)9] A%

1) 2,7-tpe| B2 R -9 9'-tto| A -9p-Zeld (8}54] 3) FA

2,7-tol B2 2 -9i-Zeld (382] 1) 5 g (15.43 mmol)¥} Efoloduldd gy F2Efo|=S rtlo|wEMdZA}
o= (DMSO) 40 mLell =<1 = 60 ColA 1A17F BQF wWHkAZ 3 1-B 258l ¢l (33H4 2) 25 L 50 % &
et AFS H7IeR 5A1RF BQF Ao wREAIFTE olE oA EC]E 100 nL & F7Fskal, 1.0 M 44k &
o FEAYh. EE #7] &9 $ulE ¥ FHRT F AE GAE IFES @ A2vtEIYZE T

i—“

1H NMR (300 MHz, CDCly): & (ppm) 0.45-0.68 (m, 4H), 0.77 (t, 6H J = 6.6Hz), 0.90-1.20 (m, 12H), 1.86-
1.95 (m, 4H), 7.43-7.54 (m, 6H).

PC NR (75 MHz, CDCly): & (ppm) 13.98, 22.57, 23.63. 29.56. 31.45, 40.18. 55.66, 121.11, 121.45,
126.15, 130.13, 139.04, 152.53.

2) 9,9'-tpo| A A-9/FE /-2, 7-tho] 7 A e o] E (354 4)9] A

71 Dl 3kehA 39 Sk 5.0 g (10.2 mmol) = EIEZHSFO]=R4FE 20 nL of =91 F, 78 TolM A3
1.6 M =ZHgelF 14.0 ml (22.3 mmol) & H7bske] 308 F<F wwbdth, 4-¥WE¥ 10.3 ol (102 mmol)
=78 ColA 7R F 2472 gt andkshar, WG Rekel= 300 nle H7bskaL, 0.1 M @4t gelow S
it & f7] &9 SuiE AT S F AVIE AN AFRES W ARvEINZE Tt A8

5
=
d
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[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

Z2IHE3 10-2011-0069451
S 239t 2.7 g (67.8 )9 =M uAE A},

I NIR (300 MHz, CDCl): & (ppm) 0.40-0.64 (m, 4H), 0.74 (t, 6H J = 6.6Hz), 0.80-1.20 (m, 12H), 2.03-
2.12 (m, 4H), 7.92 (m, 6H), 10.11 (s, 2H).

“C NMR (75 MHz, CDCls): & (ppm) 13.91, 22.47. 23.74, 29.47. 31.40, 40.02, 55.56, 121.30, 123.34,
130.31, 136.39, 145.59, 152.84, 192.19.

3) (9,9'-tlol&A A -7-3}o| E2 AW -9 Z & A-2-d) - ek-& (8}84] 5)9] FA

A7) 2)9 3heha 49 FFE 2.7 ¢ (6.92 mmol) & HEZsto|=2F e 10 mLol]l HQ 3, -78 TolAl 1.0 M
tlololol AR E 2 u)E dto]l=glo]= 34.6 mL (34.6 mmol)S HH3] H7}ak F 78 TollA 2A17F H<F kA
Ak, 3 nLe WEES HHI HIMAZ F, H2om 2EE G4
A7beaL, 100 al2 FESAT. B f7] SA9f gulg A TR
EITE F3lo AAES B3I 2.6 g (95 99 = o o

7%, toldd ﬂ]EﬂE 100 mLE
A7 E AN AR B ARt

H NMR (300 MHz, CDCl3): & (ppm) 0.45-0.68 (m, 4H), 0.78 (t, 6H J=6.6Hz), 0.90-1.20 (m, 12H), 1.90-

1.98 (m, 4H), 4.77 (s, 4H), 7.31 (m, 4H), 7.66 (d, 2H, J=8.4Hz).

13C NMR (75 MHz, CDClz): & (ppm) 13.91, 22.51, 23.68, 29.63, 31.42, 40.28, 54.93, 65.53, 119.56,
121.44, 125.69, 139.71, 140.28, 151.22.

4) 2,7-°| (B2 EYE)-9, 9'-tfo]| A A-9/-ZH A (3}8H4] 6)2 3

A7) 3)e] 3}eka 59 F3E 2.18 g (5.52 mmol)S WAl 20 mLol| < ¥, 0 Colx FAFeA Effo]HZn}

ﬂElS7M(M57mMPLiﬁﬂ%ﬁﬁl§45tﬂﬂ6fﬂl%%iﬂﬂﬁq FEEIZE 100 oL & H
ZFetal, & 100 nLZ 239, F2 f7] 899 gulE AT SHe & AU AN AHES F A=Zv)
EFYZE T3t AAHAES s8I, 2.79 ¢ (97 9o 74 AAE AU,

I NIR (300 MHz, CDCl;): & (ppm) 0.45-0.68 (m, 4H), 0.78 (t, 6H J = 6.6Hz), 0.90-1.20 (m, 12H), 1.89-
1.98 (m, 4H), 4.60 (s, 4H), 7.34 (d, 4H, J=2.2Hz), 7.64 (d, 2H, J=8.0Hz).

13C NMR (75 MHz, CDCly): & (ppm) 13.99, 22.48, 23.62, 29.53, 31.35, 34.47, 40.07, 55.12, 120.04,
123.64, 127.99, 136.86, 140.72, 151.63.

5) (7-Aohem9-9,9'~thol 8-/ F o] Al-2-d)-ohAl Evte 2T (88H4 7)e] 4

7] 4] ﬂﬂd6ﬂ:ﬂ FE 0.39 g (0.89 mmol)2 ohAEU|EY 10 ale AolA 39 F, EtoryaY
Alolfol= 0.36 mL (2.67 mmol) ¢ HE#HFEAEH ZZgo]= (TBAF) 2.67 mL (2.67 mmol)S FH7}sle] xL
HEsklth, ek L%% g 7 AFes @ ARvEIYEZE Soto] Ad=S el 0.33 g (90
%) = 1AE AU

—Emloﬂ

I NIR (300 MHz, CDCl;): & (ppm) 0.40-0.64 (m, 4H), 0.74 (t, 6H J = 6.6Hz), 0.90-1.20 (m, 12H), 1.90-

1.99 (m, 4H), 3.84 (s, 4H), 7.28 (d, 4H, J = 7.4Hz), 7.67 (d, 2H, J = 8.4Hz).

13C NMR (75 MHz, CDCly): & (ppm) 13.57, 22.08, 23.28, 23.34, 29.12, 30.96, 39.72, 54.94, 117.76,
119.95, 122.04, 126.39, 128.72, 139.77, 151.39.

6) 0-(6-1 228 2)-0i7hikE (54514 10)9] B4

9IF7kvkE (3hsh2 8) (10 g, 59.8 mmol) & ElEZFsto]=R4Fe (100 ml)ell =o] Aol 1kst 2F 2.9 g
(71.8 mmol) &Mo] A3 H7lste] 1087 watslgdct. 1,6-tho]lB @z alxk (848k2] 9) 19 ml (119.6 mmol)

_11_



[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

ZIHEd 10-2011-0069451

S WS 5o HUbste] Ao 1247 FoF wHkAIAT. AF FF F doldddElE 200 mLE H7bsla, =
200 L2 FE3AY. F2 f7189e] s AT SHIT = I ARvEIYREE 5
slo] AAES 23T, 12.68 g (64.2 %) FA ux=s A

)
aly
52
2
oX, —~
23
e
o
tlo

I NIR (300 MHz, CDCl): & (ppm) 1.39-0.55 (m, 4H), 1.77-1.95 (m, 4H), 3.37 (t, 2H, J = 6.9 Hz), 4.32

(t, 24, J=7.1Hz), 7.26 (t, 2H, J = 8.0 Hz), 7.42 (d, 2H, J = 8.0 Hz), 7.45 (t, 2H, J = 8.0 Hz),
8.10 (d, 2H, J = 8.0 Hz).

13C NMR (75 MHz, CDCls): & (ppm) 26.81, 28.29, 29.19, 32.96, 34.25, 43.14, 109.07, 119.24, 120.79,

123.23, 126.07, 140.78.

7) 9-(6-(2,7-tol B 2 R-3 92 2] dl-9-H) A A )-9-7hakE (3484 1D 9] 34

A7 19 steh 19] 3EHE 3.0 g (9.26 mmol)S tholwlE A ZALo]= (DMSO) 40 mLell <91 %, EgfoloEql
Aolnly Zzolol=2 Zuj@ Asbske] 60 ColA 1417 EoF wukek 3 Aby] 1) 38+4 29 3R 1.65
mL (9.26 mmol)TF A7) 6)<¢] ekl 109] 3}3HE 3.06 g (9.26 mmol) T} 50% AL AE %%gﬂ 95 ul & A7}et
o Aol 127 Fe WA, old olAH Ol E 500 mLE H7leta, B 150 mLE FEIATH. E f71
ol gujE AT FHF T A= AAH FFHES P ARnEIYZE Sito] APES st 2.39
g (37.6%)° =T ods AT},

' NMR (300 MHz, CDCl): & (ppm) 0.58-0.49 (m, 5H), 1.12-0.70 (m, 14H), 1.92-0.84 (m, 4H), 4.18 (t, 2H
J=7.1Hz), 7.19 (t, 2H, J=6.9 Hz), 7.31 (d, 2H, J = 8.3 Hz), 7.39-7.45 (m, 6H), 7.49 (d, 2H, J =
8.0Hz), 8.07 (d, 2H, J = 7.7 Hz).

13C NMR (75 MHz, CDCls): & (ppm) 10.55, 14.24, 23.94, 27.03, 27.27, 28.26, 29.53, 33.80, 35.15, 41.30,

43.10, 43.66, 55.64, 108.84, 118.91, 120.54, 121.38, 121.46, 123.01, 125.79, 126.95, 130.42, 139.32,
140.59, 152.57.

8) 9-(6-(9/F7Hul E-9-4)812))-9-8 -0/ E ¢l el-2, 7-chol hr ckvlshol = (s3h4] 12)¢] G4

A7) 79 3ska119] 3EHE 17.10 g (31.17 mmol)S HIE#ZSo =2 FE 63 Mo =9 =
EIHEEEE 42.80 mL (68.58 mmol)S A3 Hriste] 308z7F mwwre 5 4-¥AEXH 23.90 nL (311.41
HAZ] 7P 3, A2oA 2447 FoF wHkskItk. 0.1 M a4t A7Me 3 BR F&H
st Ee f7] £ &uE Y SHIT T A E AN AFRES F AREIYZE
g o

S Bk, 11.79 g (64.8%) 9] w=#A 0AS A,

1H NMR (300 MHz, CDCls): & (ppm) 0.43-0.06 (m, 23H), 4.18 (t, 2H, J = 7.0 Hz), 7.22 (t, 2H, J = 7.2
Hz), 7.29 (d, 2H, J = 8.0 Hz), 7.43 (t, 21, J = 8.0), 7.90 (s, 6H), 8.09 (d, 2H, J = 7.7 Hz), 10.09
(s, 2H).

13C NMR (75 MHz, CDCls): & (ppm) 10.51, 14.18, 23.62, 27.06, 27.06, 27.20, 28.21, 29.82, 33.82, 35.26,

41.19, 43.05, 43.63, 55.57, 108.82, 118.94, 120.55, 121.61, 122.98, 124.14, 125.79, 130.50, 136.46,
140.56, 145.87, 152.88, 192.25.

9) 9,9-¥]2-(6-7I0l=E=-9-d-dA)-9/-Z -2, 7-tlo| H 2rlol = (382 13)¢] Al

71 1)) shsha 19 33 7.1 g (21.82 mmol)S tholHlE A FAFe] = (DMSO) 40 mLoll 591 3, Egfoloeql
AGEg F2Ho|=E FulmF Hrkste] 60 TollA 1A13F &< wtet & 7] 6)9 s34 109 33E 18.0
g (54.6 mmol)¥} 50% FA4Fsl &F €9 25 mLE HUIse] A-ZolA 1AI7F & AHAIFTE, oE olAH o] E



[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

SIHEd 10-2011-0069451

500 mLE #H7}etal, & 150 nlZ FE3UTH. F2 f7] £99 & AT THI & A7E A4 FAHRES
o IAREIYIE Fdlo] YHES HEt. 7.72 g (43%) 9] =T o o

" NMR (300 MHz, CDCls): & (ppm) 0.55 (m, 4H), 1.10 (m, 8H), 1.69 (t. 4H, J = 6.8 Hz), 1.81 (m, 4H),
4.18 (t, 41, J = 7.2 Hz), 7.21(t, 21, J = 7.1 Hz), 7.31 (d, 2H, J = 8.0 Hz), 7.37 (s, 2H), 7.41-7.50
(m, 6H), 8.08 (d, 2H, J= 8.0 Hz).

“C MR (75 MHz, CDCls): & (ppm) 23.7, 27.1, 29.0, 29.8, 40.3, 43.1, 55.7, 108.8, 118.9, 120.5, 121.5,
121.8, 123.0, 125.8, 126.3, 130.5, 139.5, 140.6, 152.4.

10)  9,9-H]2=(6-7htE-9-d-FA)-9/-Z 2 d-2, 7-tho] 7k g gto] = (31844 14)9] ¢4

471 9)9 heha] 139) 3§HE 4.11 g (5.0 mol) S HEZSto| =2t 63 M o %<2 F, 78 CTollA 1.6 M =
GREE 6.88 ol (11.0 mmol)S A=A HA7tsle] 3087 waket & 4-¥UEXH 3.82 pl (50.0 mmol)<
A8 A7k $, AZA 2443F F<h ﬂas}%ﬂu}. 0.1 M @2F 89 80 nLg #H71st &, B2 F&319t).
T f7] & &uE AF Ea2 2

k. 11.79 g (64.8%)2] =4
' NMR (300 MHz, CDCl3): & (ppm) 0.45 (m, 4), 1.06 (m, 8I), 1.65 (m, 4I), 1.97 (m, 4H), 4.15 (t, 41, J
=7.1Hz), 7.18 (t, 20, J = 7.2 Hz), 7.27 (d, 21, J = 8.3 Hz), 7.40 (t, 2H, J = 7.2 Hz), 7.85 (m, 6H),
8.06 (d, 2H, J=7.7 Hz), 10.04 (s, 2H).

“C MR (75 MHz, CDCL): & (ppm) 23.8, 27.3, 29.2, 30.0, 40.9, 43.4, 56.1, 108.9, 119.2, 120.9, 121.7,

122.1, 123.4, 125.9, 126.5, 130.9, 139.8, 140.8, 152.9, 194.2.

1) Z2((9,9'-tho) A -9 Z 2] ) (1-A o} ol o §l-1, 2-t}o] ) (9, 9-H] 22~ (6-7}H}E-9-I - A ) -9 -5 &
#) (2-Alololl o ®l-1,2-t}o]d)) (CzCNPFV1) (348 15)9] 34

A7) 5)¢) 384 7¢] &S 0.32 g (0.77 mmol) 3 A7) 10)e] 313
Eglslo|l=2F & 23 mLof WEre 12 mLel &, 1.0 M HEZFYgn
TollA 12717 &9 v}, A27b4] YA 7l &, wgkgo

AE I

1>
—

4¢] 3}8E 0.56 g (0.77 mmol)<
slo]|=2x10]= (.39 mLS H7lsle] 65
ol E e% .58 g (80.6 %)9 =& 1

o

]

Ll

et}
filo
il

I NR (300 MHz, CDCls): & (ppm) 0.65-2.16 (m, 46H), 4.19 (t, 4H, J = 7.1 Hz), 7.17 (t, 4H, J = 7.4

Hz), 7.31 (d, 4H, J = 7.9 Hz), 7.40 ( t, 40, J = 6.9 Hz), 7.68-7.96 (m, 12H), 8.05 (d, 4H, J = 7.7
Hz).

<AA o 2>

Z2((9,9' -tol N A -g-Z2f &) (1-Al o} o Bl -1, 2-t}0] d ) (9, 9-H] 22— (6-7}R}E-9-d - A -9/-Z 2] ) (2-A] o}
o El-1,2-t}old)-co-((9,9'-tho| A A -9f-Z & ) (1- A o} ol -1, 2-t}o] d ) (9,9 ' -t}o| Al A -9 -Z 2] &l ) (2-
Alotol Bl-1,2-tFo]d)) (CzCNPFV2) (3}3H4] 16)¢] Alx

12)  Z2((9,9'-tho] A A-9-Z & dl) (1-A]o} o El-1, 2-T}o]d ) (9,9-H] - (6-Fu}E-9-d -8 2 ) -9 - Z 2] ) (2-
Alo}reo ®l-1,2-tFo] d)-co-((9,9' -tFo] A A -9f-Z 2]l ) (1-A| o} ol §1-1,2-TF0] D) (9,9 ' -tho] & A -9 -2 &l ) (2
-Alo}x-e Bl-1,2-tho]d)) (CzCNPFV2) (3}8h4) 16)9] 34

471 5)9 s}ska] 79 &3E 0.39 g (0.95 mmol) T} “F7] 2)9] e 49] FFHE 0.16 g (0.47 mmol) T 7]
10)9] 382 149] 3FE 0.34 ¢ (0.47 mmol) & HEFSo|=ZHed 23 Lo} WErL 12 Lol T, 1.0 M HE
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[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]
[0120]

[0121]

[0122]

[0123]

[0124]

SIHSd 10-2011-0069451

S YEE Sto]EEAMO|E 0.47 mL& FH7Fste] 65CelA 12413 St whgAIZT. A7 W7 A1 F
kol HHdS "HolEH 0.58 g (80.6 %) =4 1AE LAt

1
H NMR (300 MHz, CDCly): & (ppm) 0.67-2.07 ( m, 98H), 4.18 (m, 4H), 7.18 (t, 4H, J = 7.5 Hz), 7.32 (d,

41, J=8.0 Hz), 7.41 (t, 4H, J = 8.3 Hz), 7.69-8.00 (m, 24H), 8.05 (d, 4H, J = 8.6 Hz).

<AA o 3>

Z2((9,9'-thol g A -9-F & &) (1-Alof ol Bl-1, 2-T}o| ) (9-& A - (6-7}0}&-9-d - A ) -9-F 3 &l ) (2-A] o} =
o Bl-1,2-t}te]d)) (CzCNPFV3) (3}8H2] 17)¢] Az

13)  EF(9,9' -to] AN A-9-Z 2] ) (1-Al ool §l-1,2-T}0] d ) (9- 3 A - (6-7}utE-9-d -8 ) -9/-Z 2] 7)) (2-A]
olreol¥l-1,2-t}o]d)) (CzCNPEV3) (&}shAl 17)¢] &4

A7) 5)9 81skA 79 SFE 0.34 g (0.81 mmol) F 7] 8)9 32 129 FFE 0.45 g (0.81 mmol)S H
El
=

Egfelo]l =2 23 Lot wWekE 12 nlQl -, 1.0 M HEZSFEAEF so]=FAtel= 0.43 nL& H7lste] 65
d4& "olEH 0.58 g (80.6 %) =4 11

= -
Tell A 12A17F S whgdth. A27b4] WA4A1 &, wgkgo] A

AE I

I NIR (300 MHz, CDCl3): & (ppm) 0.65-2.07 (m, 49H), 4.18 (m, 2H), 7.18 (m, 2H), 7.32 (d, 2H, J = 6.4
Hz), 7.38-7.44 (m, 2H), 7.66-7.98 (m, 12H), 8.05 (d, 2H, J = 7.7 Hz).

<H|nLd 1>

Z2(9,9'-te|gd EF e dnjddl) (33h2] 5)9 Az

o4 3

CeHiz_ Cethis CsHm CeHis

Co, dppp PdCl,
Br ' Br + 2CeHBr ———— Br '
EtOH Et;N, Benzene

CeHiz_ CeHia CgHiz_ CeHis CgHya_ CeHis

1) 2,7-tje] B2 R-9 9'-tlo]dl -9 2= o (3184 1)9] A

5 g(15.43 mmol)&] 2,7-tpo| B2 R -9f-ZF o A5 tlo|uedZAlo]= (DMSO) 40mlel =91 &olo] ol= 3o
A Eulje] Ejoeilddry SR =S %! 7Vekar WRAIA T, 1AIZE 59 60 T 4 F, 6.37 g (38.60
mmol) 9] prBER2EIAS WhE Z3E HIULsIth. 60 TollA H7b $ 1413 Fell 25 mLe] 50 % NaOHG-& 4o
® EFES AEsta 5A7F FoF ALdlA] wykAl7) I g olAElolE 500 mlE AT £71ES 1.0 M
Azt 150mle] B2 FEEUTE. #& f7] &9 &g M FHT T e AN AHFES F =20
EOYZE 539 PAHES BEed. 7.22 ¢ (95.0 9] A AHS AT}

m.p. 61 C,

Ry 0.57 (Si0y, hexane 100 %)

'H-NMR (200MHz, CDCl3): & (ppm) 0.45-0.68 (m, 4H), 0.77 (t, 6H J=6.6Hz), 0.90-1.20 (m, 12H), 1.86-1.95
(m, 4H), 7.43-7.54 (m, 6H).
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[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

SIHSd 10-2011-0069451

13C—NMR (50MHz, CDCls): & (ppm) 13.98, 22.57, 23.63, 29.56, 31.45, 40.18, 55.66, 121.11, 121.45,
126.15, 130.13, 139.04, 152.53.

2) thold g 9,9-tho] AA-9f-ZF ¢ #l-2 7-to|FtE Aol E (334 2)9] aA

oo A 20 mle] olErLel] 2 7-tholH @ -9 9'-Tho| A A-9H-Z =0 # 7.80g(25 mmol)S =01 folel 6.06 g
(60 mmol)e] Egoldo}dl, MSmngSmmﬁ]ﬂﬂ%“DE%R%],1m7mg®50mm,qgaﬂ@
IS A7kt ibg EfwE 100m1e] Abshetao] 5.1 Mpa o]} SUS-316 ZH|QI# A AHd L =S ol
Bl WANAT. 150 C2 5 4 AR F 0 SPEE Wonle) LOw FLo AT £ G ) §
Ao grjg AF FHE F AV AN AFES B AREIYLE B YR Lt 11.85
g (99.0 %)o w7 2 dS AT,

o

A
W

'H-NMR (200MHz, CDCl3): & (ppm) 0.42-0.63 (m, 4H), 0.74 (t, 6H J=6.6Hz), 0.90-1.20 (m, 12H), 1.99-2.08
(m, 4H), 7.78 (d, 2H, J=7.6Hz), 8.06 (d, 4H, J=11.4Hz).

13C—NMR (50MHz, CDCl3): & (ppm) 13.94, 14.39, 22.50, 23.67, 29.53, 31.44, 40.04, 55.50, 61.07, 120.23,
124.10, 128.79, 129.97, 144.39, 151.78, 166.88.

3) (9,9'-t}o) A A-7-to| =2 AW Y -9-ZF 0 d-2-A)-H|EF-E (332 3)¢ A

tlolo|d-9, 9-t}o] A A -9/ ZF 0 Wl-2 7-T}o] 7} A o] E 2.57g (5.38 mmol)E 10mle] EHEg}sto] &2 F et
=0] T -78 CoA HEZ3o|mEFede] IME 3¢ tlolo|aR e F dlol=glo]= 26.9 mL (26.9 mmol)E
A7be k. -78T el A 3A1ZF & 3mle] WEER FE3aL, F7HA %E% <9 % 200mle] thold € oEHZ

S HA7sksith. 98 4F FE2eol= 3 =89 1mlE AFH3SIT. =89 & toldEdHE 5ml = 2
FEAUT. H2 f7] &9 &ujE ¥ FHS F AFES I AZEIHEZE T3
AAES k. 1.89 g (89 %) & =M U8 AT,

rE o

o
=

'H-NMR (200MHz, CDCls): & (ppm) 0.45-0.68 (m, 4H), 0.78 (t, 6H J=6.6Hz), 0.90-1.20 (m, 12H), 1.69 (s,

2H), 1.90-1.98 (m, 4H), 4.77 (s, 4H), 7.31 (d, 4H, J=7.6Hz), 7.66 (d, 2H, J=8.4Hz).

13C—NMR (50MHz, CDCls): & (ppm) 13.91, 22.51, 23.68, 29.63, 31.42, 40.28, 54.93, 65.53, 119.56, 121.44,
125.69, 139.71, 140.28, 151.22.

4) 2,7-H2(ZREME)-9,9' -to]| AN L-9F-=F 2.7l (3134 4)¢] 944

815k 39 thol& 1.026 g (2.60 mmol)S WAl 10 mlo] =< %%‘—g— el A el -, Aleled R}l =
1.89 mL& #H7bgk 9, 3A17F 59F 40 T2 7FE3Qleh. vhs 2 50% B4k 2 ml2 FE3%T. old o}
AEolE 10 mlZ 29 AHE & & {7] 899 &g ¥ %—?—r?‘& F A E A AFES P AR0E
g EE Fote] AEES HElsklvh. 1.04 g (9290) 9] w3k

4ov

'H-NMR (500MHz, CDCl3): & (ppm) 0.50-0.70 (m, 4H), 0.78 (t, 6H J=7.3Hz), 1.03-1.20 (m, 12H), 1.94-1.97

(m, 4H), 4.68(s, 4H), 7.45 (d, 4H, J=9Hz), 7.66 (d, 2H, J=7.5Hz).

13C—NMR (125MHz, CDCls3): & (ppm) 13.86, 22.37, 23.57, 29.45, 31.24, 40.02, 46.63, 55.04, 119.88,
123.06, 127.44, 136.53, 140.63, 151.45.

5) F2(9,9'-the] A EF o dn ) (313H4] 5)9 4

2,7-0~(Z229E)-9,9' -tho]|AA-9/F-ZFZ0a 1.369 g (3.24 mmol)E EHEgstol=2Fe 20 mlo) < &

_15_



[0141]

[0142]

[0143]

[0144]

[0145]
[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

[0152]
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NS 40CoA 97.06 mL (19.41 mmol)2] X ElE E|MZF-EAIO|=E HEZISIo| =25

2 1A% B9k "ojmgt), Wrkshe Bt A o g

of HA FAhskT. A7 B F, #$ES Aol 1043 B UG, A2 AN F, oW
o]

'H-NMR (500MHz, CDCl3): & (ppm) 0.50-0.74 (m, 4H), 0.74-0.90 (m, 6H), 0.94-1.24 (m, 12H), 1.90-2.20 (m,
4H), 7.12(d, 1H, J=33Hz), 7.30 (d, 2H, J=10.5Hz), 7.50-7.62 (m, 4H), 7.68 (d, 1H, J=33Hz).

13C—NMR (125MHz, CDCl3): & (ppm) 13.93, 22.59, 23.74, 29.76, 31.54, 40.58, 55.04, 119.59, 120.66,

122.94, 125.86, 128.67, 130.55, 140.66, 151.58.

<H| 2L 2>

N-Z g (teldld EF e dnjdall) (33h2] 9)9 A=

o)
¥rs-4) 4
CeHiz_ Cetis CeHiz_ CeHis
) I S O
Ho O O . DMF H O O H
(3) (8)
Bu,NOH
PBr; ‘ Benzene THF/MeOH
CeHiz__CeHia CeHiz__CeHia
' TMSCN .
it ]
Br O O Br  TBAFMecN NC O O CN
(7) (8)

6) 9,9'-tho| A L-9/FEF /-2, 7-tho] Tl H|sto] = (3FH4 6)°] A

tholm el E Eoluto]= 15 mlo] 38H2] 39] thole 2.28 g (5.80 mmol)E F¢1 fMo] 0 ColA Fe|grio]a =
HolE 5.22 g (13.87 mmol)E H7}atdth. 0 ColA 4A17F &, & 1 nl&E 3% I tholdd oHZ 100 ml &
H9rk 10 ml B2 2% FETH Fe f7] &9 EmE E F T AE A AFES B AR
HEIHEZE St =S EEledith. 1.88 g (83 9o =T uAE AT

ks

pad

"

'H-NVR (200MHz, CDCl3): & (ppm) 0.40-0.64 (m, 4H), 0.74 (t, 6H J=6.6Hz), 0.80-1.20 (m, 12H), 2.03-2.12

(m, 4H), 7.92 (s, 6H), 10.11 (s, 2H).

FC-NIR (50MHz, CDCl3): & (ppm) 13.91, 22.47, 23.74, 29.47, 31.40, 40.02, 55.56, 121.30, 123.34,

130.31, 136.39, 145.59, 152.84, 192.19.

7) 2,7-8] (MR RWE)-9,9' ~tho] -9 E 7oA (8sh4] 7)¢] A4

OFO

2.18 g (5.52 mmol)®] 3}k 3] tho]&S 20 mle] WlAle] =<1 &ofol 1.57 mL (16.57 mmol)o] EAF 2
EgHgnto]|=5 0 ColA #7183k, 45 TellA 6A1%F
71ekig. 8 S8 Ywe ¥, EEEZXE 10 mlE 29
ANE AN AFES B ARvEINEZE F3o A

ATt

o o\

e Hu o
to ot o
A2 Hor o

'H-NMR (200MHz, CDCl3): & (ppm) 0.45-0.68 (m, 4H), 0.78 (t, 6H J=6.6Hz), 0.90-1.20 (m, 12H), 1.89-1.98
(m, 4H), 4.60 (s, 4H), 7.34 (d, 4H, J=2.2Hz), 7.64 (d, 2H, J=8.0Hz).
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[0153]

[0154]

[0155]

[0156]

[0157]

[0158]

[0159]

[0160]

[0161]

[0162]

[0163]

[0164]

[0165]

[0166]

[0167]
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13C—NMR (50MHz, CDCls): & (ppm) 13.99, 22.48, 23.62, 29.53, 31.35, 34.47, 40.07, 55.12, 120.04, 123.64,
127.99, 136.86, 140.72, 151.63.

8) (7-Alofx=m|E&-9 9'-Tlo]| A A -9/ Z 2 gl-2-% )-o} A Eto| E-(3}8H2] 8)9] &4

2,7-9 (B E2EHE)-9 9" -tlo] AN A-9F-ZF 2@ 0.39 g (0.89 mmol)S olAEYC]EZ 10mlo] =<1 & E
2l W e A A ofLol = 0,36 ml (2.67 mmonur HESYHURE F2eH0]= 2,67 nL (2.67 mol)E LA #
STk B #7] Blel uE AT SR F AT A AFEL B ARFEINZE Folo] A4

2S5 2gsleith. 0.33 g (90 %) < bay TAE AU

9) (N-Zj(HolFdEFodnddA) (3484 9)9] 4

A7) 89l 3}ekA 89 3FetE (.32 g (0.81 mmol)¥ 0.33g (0.81 mmol)9] 69 3}TELS 23.3 mlo HIEZS] o]
T2 =9 g wWEe 11.7 nl¥ HEHFFEIER Stol=FAlol= 0.41 mlE WEHEdd IME 52 &

NS HIFSEATE. (6566 T). 12A17F 5<F kA7l & wEhe 30 ml2 FE33 0 TE 5% ¢ ¥4
T oHErEo] JAE "HojEY 0.58 g (80.6 %) =T uAES LA},

1H—NMR (200MHz, CDCls): & (ppm) 0.50-0.90 (m, 10H), 0.90-1.30 (m, 12H), 1.90-2.20 (m, 4H), 7.60-8.10
(m, 7H).

PC-NMR  (50MHz, CDCl): & (ppm) 13.98, 22.58, 23.80. 29.69. 31.47. 40.29. 55.57, 111.43, 118.53,
120.24, 120.63, 125.21, 133.54, 134.11, 142.55. 152.25.

PR 2 PLEA A7t

AR 1 WA Ao 364 A8 CzCNPFVL, CzCNPFV2 2 CzCNPFV3E Z}z} 7] Lujjo] @bds] L3 A AT
GPCE o] &3le] EAHS AN, SHE EXES 37 EXH] 7,700 - 37,0000]3, FTHAF EAZF
o] 13,000 - 94,0000]", EA%7} 2.60)9 T}, °]5L 437 - 443 mmollA Hu 42 JEly a1, PLE ok

1.6 -
501 - 504 mmol A o s dehfan A4 B Aefie] g ofel M dgatoict.
Alale] 15 Hlale] 2ol A %*30}04 A3 PRV, CNPFVE 717t 7] vllel ehds] &A1 zlTh. GPCE old‘loM
AR A, 44 ApeF2 7800 - 390000] 3L, WHATEE 1

5059} 535 nmell A WERRTE. Al }i 717 =Q4EEA oF 30 kg Fupgow o]%a}giu}.

r{m
;g
r]o
%
o‘ﬂ
Ml
M

g Ex ZEaY 73 AR dF ¥ SA]=(1T0)9] HEER A= (semitransparant electrode)<
=

&
. A7) wrEH A (semitransparant electrode) AH§-o A¥ $=%%F(hole transporting layer)= &

o[\ o
)

7}
W= A, Av] 2d wgE Al xq%—}%%_% Sy atolnh, whgE )
FAdsta, Zw(Ca):¢FraEAD) 55 A58 A48T
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C
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