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2 5 14 1009] gelth.
EE P oune] Wy n¥Ae el 38 F stz EAEE Ao] mEgsth

A7 AellA, k, m 0.5°]3L, n 5 WA 1002 AHFo]t},

2 o] wmE g mixle] FERgEAES 10,000 WA 100,00091 Ao] wigrAsith, FaFy R abEkol
10,000 mIwkQl Aol Zelum A uEabvke] A4ehg obA Fahe] migbA sk Hehal, 100,000& E3ehe

Aol gelme] FAL WAL vhgEst Ratt,

Bodgol A 4 A7) sheka 19 g wEA SEY des, 22(09,9' -HolAA-9F-EH /) (1-Alof
ool §1-1,2-t}e]d ) (9,9-H] 2=~ (6-7I0}E-9-d -4 ) -9/ Z & 2 ) (2- Ao} o o ©-1, 2-T} o] ) ) (Poly((9,9'-
dihexyl-94fluorene) (1-cyanoethene-1,2-diyl)(9,9-bis—-(6-carbazol-9-yl-hexyl)-9/#f luorene) (2-
cyanoethene-1,2-diyl)), ©l&} CzCNPFV1olgkar 3hc}.), Z&((9,9'-tho]dA-9f-Z 2 &) (1-Al o} =0 El-1,2-t}
°1'd)(9,9-Hl - (6-7HatE-9-9 -3 ) -9 2 d) (2-A] ob 2ol ’I-1, 2-Tho] ) -co-((9, 9 ' -t -9 &2 ) (1
—Alobiel |l-1,2-tFe] D) (9,9 -tho] A A -9/ F 2] 7)) (2-Al o} ol | -1, 2-T} o] ) (Poly((9,9'-dihexyl-94~
fluorene) (1-cyanoethene-1,2-diyl)(9,9-bis-(6-carbazol-9-yl-hexyl)-9H~f luorene) (2-cyanoethene-1,2-
diyl)-co-((9,9'-dihexyl-94~f luorene) (1-cyanoethene-1,2-diyl)(9,9'-dihexyl-9/4-f luorene) (2-cyanoethene-
1,2-diyl)), oIt CzCNPFV2elgl &bch.), E2]((9,9'-tho] I A-9-F 2 ) (1-Alo} o ’l-1,2-Tt}o] ) (9-3) A -
(6-7habE-9-d -3 2)-9F-Z 2 &) (2-Al b o ’I-1,2-T}o] ) (Poly((9,9'-dihexyl-9#~f luorene) (1~
cyanoethene-1,2-diyl)(9-hexyl-(6-carbazol-9-yl-hexyl)-94-f luorene) (2-cyanoethene-1,2-diyl)), o] s}
CzCNPFV3ol}l gtt}.) & & & oW, o5 adake dnbAl 7] &ujol] 2 xom W g8o] Fol 7]
W ke AmEA fFEE ol8E F AT

A7) e T 3] ek 12 dde e seeRe, 99,9 -t -9 /) (1-A of el ol '
-1,2-tho]d) (9,9-8] 2= (6-7HkE-9- -3 ) -9 F el /) (2-Alop ol o ©-1,2-t}o] ) (CzONPFVD),  E¥
((9,9'-tpol -9/ 3l (1-Alobreoll -1, 2-t}o] ) (9, 9-H] - (6-7hihE-9-d - 4)-9/-& 2 /1) (2-A] o} =]
§l-1,2-tko]d)-co-((9,9'-thol 3 -9 Z 2] ) (1-Al ool ’l-1, 2-tF0] ) (9, 9" -Tho] B -9 -E 2] /) (2- Al o}
Mol §l-1,2-tFe] ) (CzONPFV2) , - E2]((9,9'-the] S -9-Z 2] 7l) (1-Al ob o ¥-1, 2-tho] ) (9-3) - (6-7}it&
—9-d-Fd)-9/-E 2 /) (2-A ool §1-1,2-tho] d)) (CzCNPEV3) o] $itt.

471 e 4 WS, 2,7-tolBRR-g-Ze e 47 Xsr)e}t FhuES 7 28]
xS AREEH] %ﬂ]cﬂe ES8letel EFYd 9RAE 5o, drRuAE F
condensation reaction) < E3dlo] thd3 X417 X3td Zejdl nEAE F55E A4S E

HA, o] g AER o] 8¥ e Tl Aok F2E TR dRAE AR 9 =AY Y W
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[0046] Z2((9,9'-tFo] Al A -9f-Z & 7)) (1-Aofxof o ’l-1, 2-TFo] ) (9, 9-H] 22~ (6-7M}E-9-d -8 ) -9/ Z 2] &) (2-A]
ohizoel®-1,2-tko]d))  (CzCNPFV1), E2]((9,9'-tho] A Ed-9-Z 2 7) (1-Aohi=ol ©-1,2-tho] d) (9, 9-H] 2=~
(6-7hihE-9-d-3 ) -9/ F 2] /) (2-Al b el 1 -1, 2-tko] ) ) - co-((9,9 ' -Tho] 3 -9 Z 2] ) (1-A of ol 'l -
1,2-the]d)(9,9'-tho] A -9f-F 2] jl) (2-Al b ol |1-1,2-tke] ) (CzCNPFV2), 2 £ ((9,9'-thol N Ad-94-F
2 &) (1-Alobieol |l-1, 2-t}o] d ) (9-F A - (6-7hatE-9-d-F ) -9/ 22 dl) (2-Alofieel| §l-1,2-t}o] ) )
(C2CNPEV3) 9] A h4& whga] 1 5wk 20 Z=AJSkgiT).

o
Hre-4) 1
C6H13 CSH13 C6H13 C6H13 o

NaOH (aq) 4-Formylmorpholine

Br Br + GCgHisBr ——— pgr Br -
DMSO nBuli/THF  H H

1 2 3 4
CeHis. CeHis CeHiz._Cetis Cehia Catia

DIBAL-H ' PBrs ' TMSCN '
THF  HO O O OH Br O O Br TBAFMeCN NC O O N
6

7

i )
NaH B
O O v B~ - I N
Br DMF
3 9 10

0

NaOH

4-Formylmorpholine
1 + 2 + 10 ——  Br Br -
DMSO n-BuLi/ THF
11

P 1 L N8

DMSO == n-BuLi/ THF
[0047] s 14

4-Formylmorpholine

048] e 1o] YR ulsl o), SE 2, 7-vholnE-grZed (334 DI 1-RzRaAN (S84 )8 1w
$A7A 2, 7-vhe B2 R-9,9'-thol AU-9Fe W (3314 3)& FE3x, 7] 2,7-Tho|nREE-9,9'-rho] dAl-
OFE e (3H4 3)% 4-EDEXLA LAA 9,9'-Thol 8-/ el -2, 7-thol A E e o) (shekA] 4)E
S5k, 7] 9,9'-thol -0/ Fel -2, 7-Thol AR A Ao E (31514 1) F Tholofe] ARF AT o]}
ol=sh whgake] (9,9'-tholsld-7-stol =R A e g Sejd-o-d)-lge  (shekd 5 FSa, A7)
(9,9'-Thol 9| A-T-sto] EE A |0/ FelAl-2-d)-s ek & (843h4] 5)& Eaxes Evto|zvlel ol uhgs
of 2,7-M2(BERWE)-9,9'-tho] -0 Fel Al (345HY 6)& FEeka, 7] 2,7-u (R RAE)-9,9' -t}
o1 -g/- e A (81314 6)% EetolrlguBAohto =5t WEahe] (7-AlokerE-9,9'-tho] 810/ Fe] U
2-d)-oHELe| 23 (31514 )€ S5,

[0049] 9F-7MitE (3184 8)3} 1,6-tolB R alA (3182 9)S W33l 9-(6-B 2R )-9/-7lntE (382 10)S

S5,

[0050] 2,7-tre| B2 R-9f-Z (3484 1), 1-BEREIAARD (3434 2)9F 9-(6-B 2R3 H)-9F7hkE (8184 10)

_8_



[0051]

[0052]
[0053]

[0054]
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& WMSAA 9-(6-(2,7-Tho| B E R~ -9 F el A-0-) 840 At E (3o shat, 471 9-(6-
(2,7-tho] B2 R--0j F el d-0-9) 820 7P e (349H 1) 4-TUEZAD WSAA 9-(6-(9 7
£-9-1) 9 4)-9-3) H-9p-Fe] -2, 7-chol Antesol = (34314 12)& S5t

2,7-thol LE R-0F Felql (81814 D3t 9-(6-B2 R 8)-0f7hE (31514 1002 AZY Wgshe] 9,9-u]
(6-7hH18-9-g-12)-0/F Fel A2, 7-tho] Hzvhol = (81814 13)§ FE5ka, 47] 9,9-82-(6-7hHHE-9-d-
92)-0f el d-2,7-the| LR ulo| = (84314 13)8 4-ERBEAT WESAA 9,9 A-(6-7HubE-9-d -9 41)-
O EelW-2,7-thol b ddlstel = (81814 1)E S5,

gl 2

Bu,NOH
7 + 14 CzCNPFV1

THF, MeOH

Bu,NOH
4 + 7 + 14
THF, MeOH

m=n=0.5 CzCNPFV2

Bu,NOH

7 + 12 _—

THF, MeOH

CzCNPFV3

g2 2% B dgo] o AAdo) wpE g uix B dAAS EAISY. dhg-2] 28 Fastd, (7-4]
ol W E-9,9'-tjo] A A-9-Z & d-2-d) ol Eo| EL (382 7)T 9,9-H] 2~ (6-7H}E-9-d -84 )-9/-Z
A-2,7-tol 7t g dste| = (3184 14), BuwNOH, EHIEZso] =2 FH(THF) 28] MeOHS AFEste] vruUA
%% (Knoevenagel condensation) 22 Z2]((9,9'-tho]AA-9/-Z& ) (1-Alo} ol €-1,2-Tt}o] ) (9,9-H] =
-(6-7HalE-9-d - ) -9f-Z 2] &) (2-A o} ol o §1-1,2-Tt}o] d)) (CzCNPFV1) (3} 15)S 53k,

9,9'-tho| A A-9/FZ A-2,7-tJo] 7t E A ol E (382 4), (7-AloleHE-9,9'-t}o] N A-9-Z&2f7l-2-d)-o}
MEYlER (3g2] 7)3} 9,9-H]| 2~ (6-718}E-9-d-A ) -9/ FH d-2, 7-tol| 7tR & dslo| = (3}8h4] 14),
BuNOH, HIE&}slo]=2FeH(THF) 22]al MeOHE ARE3dle] yruyal F39 (Knoevenagel condensation) o2 &
2 ((9,9'-tho] A A-9f-Z 2 AN) (1-A ok el ’l-1,2-v}o] D) (9, 9-H] - (6-7FutE-9-H - A ) -9 F 2] 3) (2- Al o} .=
ol&-1,2-t}o]d))-co-((9,9' -tho] A A -9/-Z& A) (1-A] o} ol ’|-1,2-t}0] ) (9,9 ' -tfo] & A -9 - &2 &) (2-A]
o}y-ofl§l-1,2-t}o]d)) (CzCNPFV2) (3}&H2] 16)& F573tt}.

(7-Alot oW €el-9 9'-tto| S A -9/ F & dl-2-d)-ol|EYe| EH (8}8H2] 7)) 9-(6-(9/F7HtE-9-d) A ))-9-3)
A-9f-Zed-2, 7-thol 7t g slo] = (3134 12), BudNOH, ElEZ}stol=&FeH(THF) 283 MeOHS AFg&shed
R 239 (Knoevenagel  condensation) o2 Z&]((9,9'-tho| A A-9fF-Z 2] A ) (1-A| o} =0 E1-1,2-T} 0]
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) (9-3141-(6-7huh E-9-d-3140)-9 /- F el ) (2-A ob ol ©l-1,2-Tho] 1)) (C2CNPEVS) (3}5H4) 17)& S5},

o e A7) EF AZAE o &kl AR A TG A R G oA W 2 Aledi

=

2 ool [r) g AxE 79 AR BhREY dE, AE aES, A8A RS 9 25458 exFe=
FAstE, A7) aEx s B oddf| upE W} nEAE ARSsith, B oddof] wpE 7] @ Al A
B2 @ 9w FEAST Alolo] AFAHZE(hole blocking layer) /% HX 4% (electron transport

B =)y Zke] A FdE EAEL A, ® 1S Fastd, §E e Eekiy 7
(1) Aol JF ¥ SAP=(IT0)9] WHE™ A= (semitransparant electrode)(2)S HA3la, A7 HJ-Er”é

A= (semitransparant electrode)(2) ’B]’l"f*oﬂ 4 EE f7IER olFX A¥ FFT
layer)(3)S FAsth. A3 $553) AFdd &3 Bd& T¥Xste] @F 1FEAE o] §3 HFF4) S
shar, A7) wFS(4) - Xéﬁﬂ'L?(hole blocking layer)(5)& ¥ttt B35 (5) ol Hat
T4 % (electron transport layer)(6)& FAsta, Az £435(6) 4F & o =
(< J/F &+ At

ks

B owge Eeds Aohe TAF AT o SA9 ¥F 0 Wt ARE FoAS PR A
el AR GHGoRA, A FES 4B slo] WY DEE L R ohlel, #7] guldl ol
Pedtl BomA Az BHol Golshl Hrh. ohel 4Y] mpd WY A4E TRYel FsE A7 WY &
Ao olg@ & 91 Wk ok, B/, Wt A71H9 AT st FHE A 9

ol3, Moﬂ% Fnz shel ¥ W@ woh A W se ArdE B ouwe pAHon Ags)
5%

= Ao, shrle] Aol ofste] L vk e] W7} A%
AN

<A 1>

Z7((9,9'-tpol AN A 922 l) (1-A] o} .ol o ©1-1, 2-T}o] D) (9, 9-P] 2-(6-7 M} E-9-d -3 A ) -9 -2 2] &l ) (2-A]
olroflol §l-1,2-t}o]d)) (CzCNPFV1) (3}8H4] 15)¢] Az

1) 2,7-tpo]BH 2R -9 9'-to|ANA-g-Zefdll (454 3)9 A

ZFWQEEE@%EH{(ﬂﬂ“1)5g(w43mmﬁ+5ﬂﬂ1élﬁé w ARt Eg ol d LAl
o]= (DMSO) 40 mLel <1 % 60 ColA 1A7F B¢t wHkAZl F -HE R
*@}*?%%ﬂﬂﬂ51P<gPNiﬂH WA Z T, ol " olA IOl E 100 nL & H7}ERaL, 10M“43ﬂ
o FEIAGUT. E f7] &9 &ujE AE TR F A= JALE IFRES ¥ ARvEIYEIE Fot
ol AAES RS 7.22 g (95.0 )] AN AHE &

HONMR (300 MHz, CDCl3): & (ppm) 0.45-0.68 (m, 4H), 0.77 (t, 6H J = 6.6lz), 0.90-1.20 (m, 12H), 1.86-

1.95 (m, 4H), 7.43-7.54 (m, 6H).

13C NMR (75 MHz, CDCl3): & (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'-tjo|AA-9i-FH W-2, 7-to]| FHE A H o E (382 4)9] T4

0] & -78 TolA HA3J
16Mbm$gag14om(m3mmng>Wb®4%”EMP Lﬂw 4-¥UEFA 10,3 mL (102 mmol)
=78 ColA 73 T 24417 H<F wuksla, wg A S Zelo]l= 300 nlS F7Felal, 0.1 M G4k gHo 7 =
stk W 7] &899 &g WF TR F AV dAY AFRES I ARZEIHEZE FIo AAE

_‘IO_
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[0074]

[0075]

[0076]
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[0080]
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S 2yaleh. 2.7 g (67.8 ©) =T LAE AU}

I NIR (300 MHz, 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 (m, 6H), 10.11 (s, 2H).

“CONR (75 MHz, CDCI): 6 (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'-ttolFA-7-sto] Em A WL -9/- Fe] d-2-)-H &S (384 5)9] FA

371 29 BhEA 49 BFE 2.7 g (6.92 mol) & HIEFSIClERFG 10 ale] 59l F, -78 Tl 1
ﬂﬂ%ﬂi¥%%$ﬂaohlﬂM5346m(MﬁmmU£iﬁ%1%ﬂﬂ =78 Toll A 2A17F FRt wkA]
Ak 3 mLe wWeeEE HHE MR F, Aeorm 255 ASA ¥, rdoldd JEHZ 100 nlE
A7bskal, & 100 mL2 FFSAG. w2 7] &9 Sl THE & A7IE A4 AFE % A=
Ead2E Fote] =S Eeslth. 2.6 g (95 99 =

HONMR (300 MHz, CDCls): & (ppm) 0.45-0.68 (m, 4H), 0.78 (t, 6l 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, CDCly): & (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-HA(BREWE)-9,9'-tho] L9/l (3Fe4 6)9] 94

A7) 3)e] 3teta] 59 3 2.18 g (5.52 mmol)S WAl 20 mLoll ¥ ¥ 0 CollA] EAFEP A Eglo]HEn}
NE157m(w57mML1%ﬁaiUﬁ 45 ColA 6 A7 SoF wHkA Y, FEEX2 100 ol & H
7vetal, & 100 mL= FE3Avh. Fe 7] &9 &uE AT TR F Ae dAAH AHFES I A=2v
EIUEZE Bt AAES BT 2.79 g (97 92 T4 AAE A,

'H NIR (300 MHz, CDCls): & (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, 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.

5) (T-A0}2.M9-9,9'~Thol 8 A-0f- Felel-2-d)-ol Aol £ (sh8t4] 7)e] A

271 4)9] 3382 62 3EE 0.39 g (0.89 mmol)S oA EYOEH 10 mLE Ao =9 F Eglojraad
Alofrteo]l= 0.36 ml (2.67 mmol) ¢} HIEZE %&HAEEQME(mm>2mmL@67mME§@ﬂ&ﬂlL
el wdkd BhSES A T IFES & ARMEIYEZE Filo APES FSAY. 0.33 g (90
o)o =T AAE DAL}

'H NMR (300 MHz, CDCls): & (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, CDCls): & (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) 9-(6-BRRIA)-9F-7Iul= (34 10)9] A

9i-7haHE (3}sh4] 8) (10 g, 59.8 mmol) < HIEg}sto]=2F & (100 ml)oll Fo] ALor $413 ~2F 2.9 g
(71.8 mmol) &<Moll HA3] @ﬂﬂﬂl%ﬂlﬂ%aﬁﬂ.L&ﬂﬂﬁiﬁ@&(ﬂ@ﬂ9)wnn(n96mM)

_11_



[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

S=S0d 10-1210529

QoA 1243 B WWAAT. AF FF F volol"elEl= 200 nlE Wrbsha, B
200 L2 FEFAT. & F71809 §E AF FRE F AL AN ARES ¥ AmviEadEE ¥
[e3]

sto] AAES EEsHITh. 12.68 g (64.2 %) o I A&

or}o

' NIR (300 MHz, CDCl3): & (ppm) 1.39-0.55 (m, 4H), 1.77-1.95 (m, 4H), 3.37 (t, 2H, J = 6.9 Hz), 4.32

(t, 2H, J = 7.1 Hz), 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, CDCl3): & (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-te| B2 - -9/ 2] W-9-d) A A)-94-7hikE (313H4] 11) 9] 94

(

217 1)4 3atal 19 3eE 3.0 g (9.26 mmol)S Tho|w € Ad ZAlo] = (DMSO) 40 mLoll =¢1 3 Egto]o
ARy EZgo|nE v HIUkste] 60 CollA 1AZF &9 wRks 3 A7) 1o 38k 29 313t

& =

=
=

s
et
N T
ol
Qon

mL (9.26 mmol)ﬂ} 371 6)¢] 3484 109] e 3.06 g (9.26 mmol) ¥} 50% FAksE A &9 25 nl &

o Aol A 1AZF ek aA ATk, ol obAlElo]E 500 nlE H7kea, B 150 nlE FEEAT. Fe f7]
L] &g MF THI F AVl IAY AFES F AZEIYEZE Tt AES L&Y 2.39
g (37.6%)¢ =M UL AArt.

' NMR (300 MHz, CDCl3): & (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, CDCly): & (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) 0-(6-(0H-7HikE-9-1) 912))-0- 31 -0/ F el W-2 7-thol At stol = (31514 12)9] G

471 79l 3ekA11¢] 3EE 17.10 g (31.17 mmol)S EIEZI3to] =255 63 Mlol =9 3, -78 Cold 1.6 M
=R EYE 42.80 ml (68.58 mmol)S HH3I| H7Fsle] 3087 w3k 2
M

=
oA gof mm%%ﬂ@f»ﬁiﬁﬁ
e £

mol)& B3 A7HE T, AeolA 2443k ok murakeith, 0.1 M 4
St @ f7] S99 W AT FRE F AL Y ARTS ¥ ARvhEIdLE Fael 44E
< Beagin. 11.79 g (64.8%) 9] w3 999 i),

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 (¢, 2H, 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-(6-7IaFE-9-d-AA)-9-Z & dl-2,7-to] L Zulol = (3}82] 13)¢] A

A7 D9 &84 19 F3HE 7.1 g (21.82 mmol)& thelwEd 3 Ato]= (DMSO) 40 mLell 51 5, Etelogxl
ARy FRY=E FuF 747}0}04 60 CollA 1AIZF F<F nuksk & A7) 6)<] gkst2] 109 8H5HE 18.0
g (54.6 mmol)¥} 50% GAtsl 4F €N 25 mLE HUbele] A-2oA 1AIZF o mUEAIFTE oE olAH o] E



[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

SE506 10-1210529
500 mLE #H7}ekal, & 150 L= FE3UTE. F2 f7] &9 gujE ¥ THT T A7e AL FFR=S
I IREINZIE Esld AHES syl 7.72 ¢ (43%)9] =TA 9948 AT},
H ONMR (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, 4H, J=7.2 Hz), 7.21(t, 2H, 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-3)-9/-Z 2] -2, 7-tho| 7t gl gto] = (818t 14)9] A

o

}7)

=

9)2] 34 139] 3}EE 4.11 g (5.0 mmol) S HEZSIo]=2F 63 M o] =9 5 -78 CollAd 1.6 M =
g2]F 6.88 mL (11.0 mmol)& HH3] H7iste] 30&3F wwkdk & 4-¥FEFX Y 3.82 ml (50.0 mmol)<
3 H7FgE &, A2o)A 2443 FoF wwbEdtk. 0.1 M G4k &8 80 mbe HIHE ¥ BEE FE3U).
2 f7] &9 EWE ¥ SHI T A A AFES B ABREIYZE Bt APES 25
o A

ok, 11.79 g (64.8%) 9]

=]
T
Kl

)

32 ol 2

'H MR (300 MHz, CDCl3): & (ppm) 0.45 (m, 4H), 1.06 (m, 8H), 1.65 (m, 4H), 1.97 (m, 4H), 4.15 (t, 4H, J
=7.1Hz), 7.18 (¢, 2H, J=7.2 Hz), 7.27 (d, 2H, 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).

e NR (75 MHz, CDCl3): & (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.

11) Z2)((9,9'-tho| AN A-9fF-Ze] &) (1-A| o} =0 o Bl-1,2-T}o] d ) (9, 9-H] - (6-7HHE-9-I -3 2 ) -9 - Z &)
) (2-Alof=ofl o ®l-1,2-t}o]d)) (CzCNPFV1) (38}sh2] 15)9] A4

271 5)¢ atehA] 79 3gHE 0.32 g (0.77 mmol) T A7) 10)9] 348t 149) 3HgHE 0.56 g (0.77 mmol)S El
Egslo]lmZ S 23 mLeF WEFS 12 nlel ¥, 1.0 M HESREARE slo]=EZAle]= 0.39 LS H7lsle] 65
TollA 12417 FeF vhg-gtt). Ae7tx] WA & WerSe] 3148 "WolEy 0.58 g (80.6 %) w=TA 11
AZS AU},

" ONMR (300 MHz, CDCl): & (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, 40, 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).

<AAA 2>

Z2((9,9' -to] N A -g-Z 2] &) (1-A] o} .= Bl -1, 2-T}o] ) (9, 9-H] - (6-7}0}E-9-I -3 2 ) -9 /- 2] ) (2-A] o}
wo’l-1,2-thold)-co-((9,9' -tho] &l -9 /-F 2 &l ) (1-Al o} ol -1, 2-TFo] ) (9,9 ~Tho| &l A -9 /- F 2 9l ) (2-
Alobr-o®l-1 2-t}o]d)) (CzCNPFV2) (3}eH2] 16)9 A%

12)  E2((9,9'-tol A A-9-Z& A) (1-Al o} o ©l-1,2-t}o] d ) (9,9-0] 2~ (6-FMu}E-9-d - &2 ) -9/ &2 3 (2-
Alotrzo Bl-1,2-t}0)d)-co-((9,9'-tho] N A g2 &l ) (1-A| o} .=l B1-1,2-T}o] d ) (9,9 -Ttho] ) A -9/-Z-2 A ) (2
-Aolwd¥l-1,2-tho]d)) (CzCNPFV2) (a4 16)¢] A

71 5)9 sheha 79 SeHE 0.39 g (0.95 mmol) T 37 2)9 s}eha 49 S5HE 0.16 g (0.47 mmol) = 737
1009 3432 149 3}3HE 0.34 g (0.47 mmol) & HE#Hslo|= 252 23 plet we2 12 nlel ¥, 1.0 M HE
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[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]
[0120]

[0121]

[0122]

[0123]

[0124]

S=S0d 10-1210529

YR F slo]=FAle]E 0.47 L& FH7Fste] 65TolAl 12A13F 5t RESAIAT. A271=] W7 A7l &
Lo AL "WolE” 0.58 g (80.6 %) =&t uAE AT},
'H NMR (300 MHz, CDCls): & (ppm) 0.67-2.07 ( m, 98H), 4.18 (m, 4H), 7.18 (t, 4H, J = 7.5 Hz), 7.32 (d,

4H, 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).

<A Ald 3>

Z2((9,9'-tpo] AN A -9 Z 2] @) (1-A o} ol ©1-1, 2-To] d ) (9-3N A - (6-7}rlE-9-d -3 ) -9 2] &l ) (2-A] o} =
o El-1,2-t}o]d)) (CzONPFV3) (&}3H2] 17)9] A=

13)  Z2((9,9'-tho) A A -9-F 2 A) (1-Al ool ©l-1,2-T}o] d ) (9-A A~ (6-7}R}E-9-d - ) -9/-F 2 9l (2-A]
ool Bl-1,2-tFo]d)) (CzCNPEV3) (3434 17)¢] A

A7) 5)e] &2 72 33E 0.34 g (0.81 mmol) I A7) 8)¢] )8k 129] #3HE 0.45 g (0.81 mmol)S El
Eglslo]l=2FH 23 mLet HlgS 12 mle) ¥, 1.0 M HEZR :} F 3lo|EEA}o)E 0.43 mLS #H7sle] 65
[e)

Toll A 12A13F &9t whgdith. A27k4] YA 5, wghgol HdEs HolEw 0.58 g (80.6 %) =4 11

Zﬂe r:/\}\D]'
1
H NMR (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|Zd 1>

£2)(9,9'-thol A ZF AN IR (34514 5)9] A%

gl 3

CgHiz_ Celhia CsH13 CeHis

CO, dppp, PdCIz
Br ' Br +  2CeHBr ——— '
EtOH Et;N, Benzene

CeHis CeHis CeHiz CeHia CeHis CeHia

D 2,7-"olH2Rr-9 9'-tho]| A U-9f-ZF =l (3} 1)¢] A4

5 g(15.43 mmol)9] 2,7-the| HZR-9/-ZF 0 JlE& tholwd Ao = (DMSO) 40mlol] 521 o] of= 3l
A ZojEEe] Edjoeidgd Ry SRetol=E HUbekal wRkAZAT. 1AIZE §9t 60 T #A4 F, 6.37 g (38.60
mmol)9] n-B 2RSS HkS T35 Hrleltk. 60 CTolA H7F & 1A17F FHell 25 mLe] 50 % NaOHG=& 4 o
2 s Agsta 5ARE w2l wnkAl7]aL old obAlEo]E 500 mlE H7Fslt. #7715 1.0 M

il

Fi

A 150m1 9] B2 FE3iv. @2 7] &9 &viE e SR T AVl AN dFes ¥ Az
Ead=ZE F5te] des %Elﬂo T 7.22 g (95.0 ©)°] AN AAS AU

m.p. 61 C,

R¢ 0.57 (Si0,, 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]

S=S0d 10-1210529

13C—NMR (50MHz, CDCl3): & (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) Tl ® 9,9-Tho] -0/ EF-6.71-2,7-thol AR A ol = (384 2)9] T

oA 20 mle] ogHgo] 2,7-tho] B2 W -9 9'-T}o] &l A-g-FF o &l 7.80g(25 mmol)S <1 EMoll, 6.06 g
(60 mmol)2] Egodoldl, 44.3 mg (0.25 mmol)2] F&HF(11) FZ&o]=, 131.7 mg (0.50 mmol)e] EHd
XS HUE Y. ¥ E3ES 100ml o] dAkstEbAo] 5.1 Mpa ©]s) SUS-316 ~H|l#E2~ 7 é S E o]
B wxIAIFTE. 150 CT= 5A1%F €& 74sk - wb FES 100mle] 1.0M dxtez MHES & J& §f7] &
25

i e
g WS AT FRE T ANE A
} odg

z =
& AZrEOYZE Foto APES Y. 11.85
g (99.0 %)2] = 9 E‘ Lo =

o olo

o
=

'H-NMR (200MHz, CDCls): & (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, CDCly): & (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'-tho] A -7-3to| EEA M -9/ 55 @ #-2-)-H| k-2 (33124 3)9] 94
trolol d-9,9-t}o] A -9 FF 2 -2, 7-the] 7R A o] E 2.57g (5.38 mmol)& 10mle] E|Eg}slo] =& 5Fgko|

=9 F -78 TolA HEZSto|=2rete] M2 =9l tolo] AR ety sfo]=dto]= 26.9 ml (26.9 mmol)E
S 3]

A7vakd el -78ColA 3A7F 5 3mle] wWE FEIIL, A7 REE Y T 200mle] tholdldl ofHZ
S HANEGT. £A8 425 F2dgols X3} 89 1mlE AFIT. 89 F& tololdoEl = 50ml 2 2
H FEsGY. B2 f7] &9 &uE T TR T A= %"iﬂ*é AFES I AZVEIYEZE T
ARES ettt 1.89 g (89 %) < w=&d 2d& At}

'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-HA(FREWE)-9,9' -to]| AL-9FEF 2l (3} 4)9] 94

s8] 39 tho]l& 1.026 g (2.60 mmol)S HAl 10 mlel <1 &g el = & ApojedIReto|=
1.89 mL= 7k §, 3ARF &<k 40 TR 7hdsiid. Weae A

AHOIE 10 mlZ 23 HH3 & J& §7] Mo 8=
aHEE Fatel AAES BEsalvh. 1.04 g (920)9) =3 1AE A

o

Fmru

'H-NVR (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, CDCl3): & (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) Z€(9,9'-tro] AN EF o @lud ) (3814 5)9 A

2,7-8H~(F22vE)-9,9' -t}o]|dA-9/FZZ0d 1.369 g (3.24 mmol)S EH|ET o= FT 20 mlo] =<l &
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[0141]

[0142]

[0143]

[0144]

[0145]
[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

S=S0d 10-1210529

S 40TColA 97.06 mL (19.41 mmol)®] ZE}E

o HAE RSl =g HEB el SR FEA 0.25 N2 391§
2 1A% B9 dojmgth, Arkshe Bok weEe M RN 2S4E A wmgdow W, dut
wol =7 FAhS. WA B, wgRe AedA 1047 B v, 4eAH WA F, o
weol A48 WolEe] 415 ng (56.50)9] e nAE A%

'H-NVR (500MHz, CDCl3): 6 (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, CDCly): & (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|2d) 2>

N-Z g (Helad &7 Anddl) (882 9)¢] Ax

o
o
CeHra_ Cefhis CeHiz_CeHis
= PDC Q ' 2 .
HOO N\ OH DMF H O O H
@ (6)
Bu,NOH
PBr3 \ Benzene THF/MeOH
CeHiz_ CeHis CeHis__ CeHiz
= TMSCN . ]
B\ Br  TBAFMecN NC O O CN
(7) (8)

6) 9,9'-tho| A A-9/FFF o A-2, 7-tho| Fhul-&Hslo| = (}8H4] 6)9] A
oW E X Eolulo|= 15 mlof] 3}8H2] 32] t}o]& 2.28 g (5.80 mmol)=
Hlo]E 5.22 g (13.87 mmol)E H7FsTh. 0 ColA 443 &, & 1 ml
=tk 10 ml B2 2¥ FEI8Y. @2 f7] &9 SulE AT THI
NfEIHEZE 53] YAES EEstl. 1.88 ¢ (83 92 =wA uAE AUt

"H-NMR (200MHz, CDCly): § (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).

13C—NMR (50MHz, 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.

7) 2,7-HA(BERME)-9 9' -to] s A9 o Al (518424 7)¢] A

2.18 g (5.52 mmol)9] 3}st2] 39 tho] &S 20 mle WAl <1 &oMe] 1.57 mL (16.57 mmol)e] ¥EAFT|~

o
Eelnnol S 0 T WIS, 45 CAA A B B F, WFEE 40 5 lsl B2 3
AT £39 FE e B, SEZEE 1012 20 FEHAD. B 401 200 SIS AT TR 5
Wl A RRES B ATMEIAEE Boel JHES RAAAT. 279 ¢ ©7 09 T 298

AT,

'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]

S=S0d 10-1210529

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-Alohuw€-0,0'~thol 8| -0 F 2 91-2-¢))-oh Al Erkol £ (81814 8)9] 4

2,7-H2(BERHE)-9 9'-to]AA-9-ZF 0 0.39 g (0.89 mmol)S ot EV]EZ 10mlo] %2 &l E
g A A olito] = 0.36 mL (2.67 mmol)ar Eﬂeaw—%%%gg Z2g0]= 2,67 nL (2.67 mmol) S -2 H
7etdk. #e f7] &9 EmE ET TR ¥ *Mi G FRES & AREIYZE F3to] AA
55 B3k, 0.33 g (90 %) < %* TAE FA.

9) (N-Zef(HolBdEF2n ) (3hsh4 9)9] 94

E 0.32 g (0.81 mmol)¥} 0.33g (0.81 mmol)9] 62| 3}ES 23.3 ml9 HEE}S} 0]
T2k 5l & WE-E 11.7 nl2} HEGFHEEE sto]EFAlE 0.41 mlE HEHEd IME 50 &

S A7FEGITE. (65-66 C). 12A1%F F<b WAzl & wlge 30 ml 2 FE383 0 TR 58§ YAl
, WEbgo] HHE& "olEH 0.58 g (80.6 1) =& mAE AU}

'H-NMR (200MHz, CDC1): & (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).

FC-NMR (50MHz, CDCls): & (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.

2212 4 pPLEA] HU}

e 1 WA AA e 34 §HAd3EE CzCNPFVL, CzCNPFV2 2 CzCNPFV3E 2zt f7] fuloll ¢-43] &aiA T,
GPCE ol8ste] A S8, S4E wAFE 78 LAl 7,700 - 37,0000, F
©] 13,000 - 94,0000]™, FA=7F 1.6 - 2.60TF. ©]E2 437 - 443 mnoll A Ho F5F WER
501 - 504 nmoll Al o @S vebar A A g A o) o] el A wgeqith,

r—{E_l

Hlaze] 1 gl wlate] 204 FHdske] Alxg PRV, ONPFVE Z42F f7] Gwlol $bd8] &siAIATH. GPCE o] 831
BAFS S, Y EAFS FHAE EAFS 7800 - 390000]3L, #AFEE 1.54 - 2.280]%ith. PLS
53

5059} 535 nmell Al YEFSTE. Alolx ZHE7)7F =QEHA ok 30 i/ o= o]lg:g].%ﬂ]:]._
T 2v 2 U] dAAdd e fHoM e FEE B 3 AFEYS Ui agZelr, = 32 B oy
o AR WE WY DEAE ol §F BEAMY FYE P WY AAEPL vehd TETelth, % 4E

S8 rE ZgseE T AR QFE B Lx}o|E(IT0)Y WHEW A (semitransparant electrode) S
3 5

= A (semitransparant electrode) A¥-o A %4Z=(hole transporting layer)< &

= =
gdsta, A7 24 ‘ﬂa“ < ”?01] g
Z

2 axje] S4B
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