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o]

Ju
>
Al

AR BFAA Qo1A, 471 B 19 DE ] Bk 3 WA s 7= ol
shhel 4

<854 4>

<514 5>

<514 6>
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[0151]

[0152]
[0153]

[0154]

[0155]
[0156]

[0157]
[0158]

[0159]
[0160]

[0161]

[0162]

[0163]

[0164]
[0165]

[0166]
[0167]

[0168]
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<gfsrA 7>

Ris

On

A7) Bheka) 49 Ry 0 A7) S84 69 Rud Fa, Bad 1 ulA 109 RAR o]Fol welq delE ojx
shifolar, A7) sshal 3e] X, 2 A7) shetAl 5ol X a7 BHA 8 UK shela 112 olgold wel A A
8 o] ghjolr,

<5514 &>

-

<5514 9>

pac)

<g}sh4 10>

pas)

<gfshA 11>

:\i
N
/
R

15

rr

7] &8 119 Rise 4, B4 1 WA 109 &2 o] Fo3 FoA Aeld ol Jhjola, 7] 348k
39 R:9F Rs, 371 F8HA 49] Ry} Ry, 471 &F8HA 59 Ripd} Ry, 371 $F8h2A 69] Ry, 2 A7) e 79 Ry
W= 109 &2, a3 1 WA 109 &= A (alkoxy), 3F7] 338H4] 12 WA 32 197 o]

<s}eh4 14>

O~ R
/\’ 18
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[0169]

[0170]
[0171]

[0172]

[0173]

[0174]

[0175]

[0176]

[0177]

[0178]
[0179]

[0180]

[0181]

[0182]

<g}shy 15>

0

<glsh4 16>

CH,
CH,
CH,

<s}sta] 17>

_0 CH,
CH;,

CH,

<gfeh 18>

Ro Roy

998

<g}sh4 19>

71 Feka 129 Ry, 7] &84 139 Ry,

o SlejAl,

=
= =
4 219 B%E F AolE i F 9
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471 BekA 149 Ry, 71 e 159 Ry B A7) 3hek 189
Rood} Ro 4, B4 1 A 109] &2 o]FoF oA A8y o=

CN
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[0183]

[0184]
[0185]

[0186]

[0187]

[0188]

[0189]
[0190]

[0191]

[0192]

[0193]
[0194]
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<g}ehy 21>

off M AEE HEHIAA oA, 7] 55 AstEZd s H7HA(coadsorbent)7F B FEE] &
W A7) H7FAl= DCA--TBA(tetrabutylammonium chenodeoxycholic acid salt)¥ 4= dvb. zear A7)
A Ael(solid-state) AsfEL 4 Qo Ay uA e dHEE Spiro-OMeTAD(2,2',7,7'-

,N-dimethoxyphenylamine)-9,9"'-spiro-bifluorene)d < UAT}.

:%
e
. rlo
R

-
@D
—
—
oo
=
1]
~
=

2 age AR 98 o]8HE A gelwEd-vdd-Eol e oAs dfate SdFEF ol A
e Aot w2 odue Al Algrgk gl ed-ndd-EolE oS ik shiEe] duR
olgHE dRAE HEHAE ATt 2r1e At HellE o d-vddA-EHo B oS Fishe SEE
& BEFAATTT Eob gFe Tils S AHEE 4 gla, a2 8, FAMEEe] 9.5 % AER 4FE] F78)
Aok, aga B2 AA7 B gzl A Aebde F5sks Zlo] Zheskal, 3 (hexyl) 79 =)ol

wAF ko] Sl (aggregaion)o] WAHIL, 47, 34 Aol SoiE. £, nAMNEE AHEsE A

2]
ol FHMEdaEol 4.8 ¢ AEE ofF 5 28-S HERI

M,

5o GAE A FAIY UE
B odgge 3leka 19 FES ¥IsE ok e dA-vddl-E o) =E] . # (thienothiophene-vinylene-
7

thienothiophene) & $Hrsl= 3o &3k AHolt).

<5814 1>

R
SSA
R s AW,
AV AR
DS

R,

3714, D= AA F70(electron doner) Z1i3°]il, A& A} @i (electron acceptor) ZLiol™, Ry WA Ry
), 29 1 WA 109 & (alkyl) 2 o] FoZ oA Adsd o] shifolt),
spsha 19] Ry WA Ry A (hexy) D 4 a1, $H8HA] 19] A= 3}8h2] 24 4= Q).

<514 2>

ag)ar 88k 19 DE 343k 3 WA 3tehy] 78 o] Folx FoA Aeld o s 5= Q).



[0195]

[0196]
[0197]

[0198]
[0199]

[0200]
[0201]

[0202]
[0203]

[0204]
[0205]
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<g}sta 3>

Rs

Ris

<854 7>

Ris

On

A714, R R Ry &, ©ag 1A 109] FAR oo woll A Adee of= shfola, X; B Xpi= 35}
218 Uix] ek 11= o] o3l el AEE o] sjutolth. T12]Al Rs, Rs, Ry, Rs, Ruo, Ru, R ® R
&, B2 1A 109] b, wAag 1 WA 109 Al (alkoxy), BeHA] 12 WA BhehA] 198 o] FofX o]
A AdElE ol shieltt
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[0206]

[0207]
[0208]

[0209]

[0210]

[0211]

[0212]

[0213]
[0214]

[0215]

[0216]

[0217]

[0218]

[0219]

[0220]
[0221]

[0222]
[0223]

[0224]

[0225]

[0226]

<g}st 8>

?

<a}a14 9>

£

<5514 10>

£

<g}eh4 11>

<5514 16>

CH,
CH,
CH,

Iy

<5814 17>

_0 CH,
CH,4
CHj,
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wul

5
209] gt

=

=

=y
5}

o

sherE 3t

st

o]
i

3}
k=]

-5

LR

El o = E] @ #l-n]d dl-E] of] i E]

R19 ‘gl RZOy

R18 ’

R17 ’

s}at2] 18>
a2 19>

\
4714, Ris,
2] 20>

219 3gt=oltt.

<
<
<

[0227]
[0228]
[0229]
[0230]
[0231]
[0232]
[0233]

W

)

I 5
w oF
5o P
BOX
B oy
‘mo .&O Oxﬂ
Mo oSN
of & 4
9p] k)
T 2w
ofs
= ~ M
o iy e
L
BN W
w L o
of o £y
— H
N b =
W
T o
o o))
- ] h
S wu
0 )
gii o W
o=
—_
ofp L
ﬂﬂ N

=
©

skt 209] FehES JK-112%

El o = E] @ #l-0]d dl-E] of] 1= E]
=

<514 21>

o714,

[0234]
[0235]
[0236]
[0237]
[0238]
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[0239]

[0240]

[0241]

[0242]
[0243]

[0244]
[0245]

[0246]

[0247]

[0248]

[0249]

[0250]
[0251]

[0252]

[0253]

[0254]
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94, 4 Aol S,
olef @ HolmE ed-nda-tlol e eAe skt SRS AR HIAA) duw olgarld] A4s
L EldE o] T Aol AFEC] o) FolT gy wla, L. @ol @A Trkste] mol ¢4

T, 2 e gEh] 182 dEE EoeEed-vdA-EolwE oS idte SFE AxUHs 2§
ot gheta 19 sgtE oty 229 B 8heha 239 SES WEAA S5k 249 SgES FAshs
GAE ¥l AFzs)

<s}8ta] 22>
D—Br

<3}eba] 23>

R
g S
R,
S T\
O\ X
o~ S R,

<g}sh 24>

Rs s

S I\
N
D/S\/ )

R

R,

o714, D= AR F 2FolA, Ry WA Rie 4, a9 1 WA 109 d(alkyl)Z o] FoJZ oA A=

g ol sholrt.

5}8hA 220] a2} 88H4] 23¢9 FBES LS A|A 334 249 FTES FAeE WA vl
Wit

<H$-2] 1>

gul

i
olo
1
o,
o
Suj

Pd(PPh,)

D—Br + jj: _Jz_j;_zr/QQ/;f_§;_z K. coj R, . / \ /

<&fef422> <3}5A123> <B}BFAID4>

o714, D= AR F aFola, Ry WA Rie 4, a9 1 WA 109 d(alkyl)Z o] FoJ7 oA A=
¥ o] shfoltt.

Pd(PPhy),(tetrakis(triphenylphosphine)pal ladium) o ¥HAFZH (K000 & B7 A7bste] whga) 19 W& 53
g4 odnk. vkg2 19 Whg-2 TFH(tetrahydrofuran)ell A 32 <+ 3

slalal 249 BES AAEy] Yol o] &EHE shalal 239 FABL olge] w2l 2 U x| w2 4 GHAE =
oﬂ Zﬂ%ﬁ]— 2= 1:]—

g}eka 239 FRMES Axs] s 4, Wk
butyllithium)@} DMF(dimethylformamie)$} <=x}2 o
HL-2-o THRO| A =3lE 5 th.

4 20] vhehal wish gol, sheh 3 -
= WA st e AREE BAGE. e
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[0255]

[0256]
[0257]

[0258]

[0259]

[0260]
[0261]

[0262]

[0263]

[0264]

[0265]

[0266]

[0267]

[0268]

[0269]

[0270]

[0271]
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g 2
R., n—BulLi R
s DMF NEA N
S Ros S Ras
<z}stAl31> <z}stAlD5>

0:17] }\1 ’ RZZQ} RZB% _/’:

I2x

, B 1 UK 109] g2 o] FoH ok

rx
1B
i,
2
r
o
o
o,
uj

<ikg2 3>
R
Ras R, { S
RN TiCl,/Zn S~ I\
[N o THF I\ s” A
S Rzs S R,
<&}ehA25> <&letA26>
ol 714, Ry, Ry, Ry, Ry, Ry & Ry 54, B2 1 YA 109 4R o] Fo]z oA Aelw o] Fhjo|tt
o2, 932 4] e wRe} o], sleha] 269 IRHES shek] 279 sEEI WhEAlA shEk] 239 s}
=S AT o, n-BuLiE H7Fste] whEA 49 whES ST g glow, whEA 49 whES THRO|A
Fhd 5 9l
<HH3-4 4>
R o A, Re s
R 0 NGe) AW,
SO T VT« NS_0 n—-BuLi j: Y AY S .
[ 3 S R o~ THF o 8 R ‘
S R
2
<&}=hA26> <35HAI27> <5}5HAID3>

T

T
oo
1
S
=
>
=
oo
1
S
1o
=
olo
tilo
oft
o
2
N
)
Lot

o
1
[\C)
w
1o
ot
st
i
tilo
o
oo
ol
ol
2
rE
olo
1
—_
1o
rE
oo
tlo
4
o2
i)

o) shska 19 Ax ek 29 4 ok AV shsha] 291 8)sha 19 SEES 8ksha] 324 YERISIY.
<sst4) 32>
R, S
R.
S/ S J\ ) N CN
p—d Y S R: COOH
S R
2

o]714, D= AA F7H aFelaL, Ry WA R Fa, B4 1 WA 109 ¢ o] o3l oA e o=
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aftolct.
[0272] steba] 329] shetEe shebA 249 sRtERREH FAT 4 odvdl, 2 A obEe] whEA 59F wh-gA 6ol

vrebf it
[0273] steba] 329] shetEes FAS] fleiAE 1, wbEA Sell vebd wkeh o] g8k 249 3HES DIFSH Wk

AlA BkebA 339] BgheS @A olw POCL7F H7bE S glth
[0274] <qH-&-2 5>

R R
R s S POCI Ry S
N /N[ PO%k_ S BN
A s” R, DWF I\ s R,
S R, S R,

[0275) <3}stAlo4> <&}5H4{33>
[0276] o714, D& AR FA ZFola, Ry WA RiE F4, S5 1 A 109 SR o] Fofxl oA HEg o=

shitoltt.
[0277] el vk 6o yERd mie gFo], 5h8hA] 339] SHetES AlobmobAlEAt(cyanoacetic acid)S REEAIA 5}

gk 329 sRfes AT ke 69 WkES IFlEd(piperidine) ¥ obAErte] EZ (acetonitrile,

CHCON) & 37 A7bete] =34 5 o
[0278] kS 6>

R
R, NS s
/\S/ AW \OAlofioMIEﬂ Ry NS AY N\—CN
L, $” R, ssaig  pd N s” "R, COOH
R, ofd| ELto|E S° R,

[0279] <&}st4|33> <=heha32>
080]  o71A, D WA FA LEOlm, R WA R A, Bad 1 uA 109 2A2 oFolzl wolA e ofn

aftolt.
[0281] ojwj, 332 32¢] shgtEo] b4 209 HEQl JK-1125 FA 7] A, sHehA 229] SHetEe 5hehA 28

o] s}gtEela, 3}sha 239 sgHES 5eha 299 AFEA 5 Ak
[0282] <8312 928>

NOBr

[0283]
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[0284]

[0285]
[0286]

[0287]

[0288]
[0289]

[0290]
[0291]

[0292]

[0293]

[0294]

[0295]

[0296]

[0297]

[0298]
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<g}sh4 29>

aejar shek 329 sgtee ) 219 sHgHEQl JK-113& @Agskr] SleliA, sheka 229] st
309] sheh=ola, 3eha] 23] shgha2 3hehy 299 sht=d 4 QU

<s}sh4] 30>

s
Lo

>,
Do
—
il
rlo
s
Lo
1>

ojs, ¥ el wE EolkmEled-rdA-EomE oS et sdhe T JK-1129F JK-1138 Alxsh= W
o g HAAAES Bk GAsHA drdnt. olste] AAjdgel osf F w2 FAEA i vE FH

f

A1, olate] AAjelell o] &5 3hehA 299 shetEe] Azl thel WA At
31514 299] 3}§HE9 Az

skl 299 FSFE((E)-2-(5-(2-(3,6-dihexylthieno[3,2-b]thiophen-2-y1)vinyl)-3,6-dihexylthieno[3,2-
blthiophen-2-y1)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane) ¥ AZHAS = 1o YegAT}.

1) 3,6-dihexylthienol[3,2-b]lthiophene—2-carbaldehyde(1-2) &4

0 T, of=Z2&(Ar) £97] 3stollA], 3,6-dihexylthieno[3,2-b]thiophene(1-1)(2 g, 6.48 mmol)o] &3
THF &-fell n-BuLi(2.85 ml, 2.5 M 34k &4)E& H7letqleh. el g AR A3 5, 0 C, of=
oA, DMF(1 g, 6.48 mmol)E H7I3I3Ith. o] &4& 5 % HCl §Hoz AAIT F NgSO4= HEA7|a, &)
2 Z9A)A | 3,6-dihexylthieno[3,2-b]thiophene-2-carbaldehyde(1-2)& 9& = Ut F&L 90 %o r}.

' NR (CDCly): 6 10.09 (s, 1H), 7.26 (s, 1H), 3.09 (t, J = 7.8 Hz, 2H), 2.72 (¢, J = 7.2 Hz, 2H),
1.72 (br, 4H), 1.36 (m, 12H), 0.89 (t, J = 6.8 Hz, 3H), 0.86 (t, J = 6.8 Hz, 3H).

“COHY MR (CDCLy): & 182.1, 142.1, 141.5, 137.5, 135.6, 131.1, 121.3, 31.7, 31.6, 30.5, 30.0, 29.4,
29.2, 28.9, 28.5, 28.0, 22.7, 14.3, 14.2.

2) (E)-1,2-bis(3,6-dihexylthieno[3,2-b]thiophen-2-y1)ethene(1-3) A

0 C, of2F &7 slolA, o} (Zn) ZH$-1(1.165 g, 17.82 mmol)o] &= o] = THF EMo| TiCl,(1.95
ml, 17.82 mmol)& H7bstick. a8z 3 A A & 0 T, ofEE 7] skellA, 3,6-

=
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[0299]

[0300]

[0301]

[0302]

[0303]

[0304]

[0305]
[0306]

[0307]

[0308]

[0309]

2IME35! 10-2011-0013910
dihexylthieno[3, b]thiophene—Z—carbaldehyde(1—2)7} 2350 9= A =
70 ColA 10 AZF &9 Aol , WA AY. a8la f71EAE FE55a, MgS0,= XA &, &uE 5
WAlA, (E)-1,2-bis(3,6-dihexylthieno[3,2-blthiophen-2-y1)ethene(1-3)E 4& 4 UAT}F. F&EE 60 %]
o},
HONMR (CDCls): & 9.82 (s, 1H), 7.65 (t. J = 6.3 Hz, 2H), 7.09 (s, 1H), 7.08 (s. 1H), 6.95 (s, 1H),
2.97 (t, J = 7.8 Hz, 2H), 2.81 (m, 4H), 2.70 (t, J = 7.8 Hz, 2H), 1.73 (m, 8H), 1.35 (m, 24H), 0.89
(m, 12H).

PCUHY NWR (CDCIa): & 146.2, 146.0, 140.9, 140.2, 138.4, 138.2, 136.4, 135.6, 137.7, 133.6, 133.2,

125.9, 122.0, 121.3, 83.9, 31.7, 31.6, 30.5, 30.0, 29.9, 29.4, 28.8, 28.5, 28.1, 22.9, 22.7, 14.2,
14.1.

3) (E)-2-(5-(2-(3,6-dihexylthienol[3,2-b]thiophen-2-y1)vinyl)-3,6-dihexylthienol[3,2-b]thiophen-2-y1)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane(1-4) A

-78 T, o2& E¢7] 3lolA], (E)-1,2-bis(3,6-dihexylthienol[3,2-b]thiophen-2-yl)ethene(1-3)°] -&3&j % o]
AE THF €Yol n-BuLi(0.24 ml, 2.5 M &2k §M)& Hrlslict. a8l & AIZF A3 &, -78 T, o2
E¢7] @dtollA, pinacol borate(2-isopropoxy—4,4,5,5,~tetramethyl-1,3,2-dioxaborolane)(0.121 g, 0.655
mmol)E H7FelYk. o] £ &AS 20 TAAA 1A & Ao &, WAAHY. a8l §71Eds F535)
3L, MgSOE AZRAZ & &S FukA A, sk 339 #stE<l (E)-2-(5-(2-(3,6-dihexylthienol3,2-
b]thiophen-2-yl)vinyl)-3,6-dihexylthienol[3,2-b]thiophen-2-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane(1-4)& €& 4 AATF. F&-2 60 %A},

HONMR (CDC1s): & 9.82 (s, 1H), 7.65 (t. J = 6.3 Hz, 2H), 7.09 (s, 1H), 7.08 (s, 1H), 6.95 (s, 1H),
2.97 (t, J = 7.8 Hz, 2H), 2.81 (m, 4H), 2.70 (t, J = 7.8 Hz, 2H), 1.73 (m, 8H), 1.35 (m, 24H), 0.89
(m, 12H).

PCCUH} MMR (CDCly): 6 146.2, 146.0, 140.9, 140.2, 138.4, 138.2, 136.4, 135.6, 137.7, 133.6. 133.2.

125.9, 122.0, 121.3, 83.9, 31.7, 31.6, 30.5, 30.0, 29.9, 29.4, 28.8, 28.5, 28.1, 22.9, 22.7, 14.2,
14.1.

AAd 1: JK-112(3}sH] 209] E3HE) 9 A=F
JK-1129] AZGAES T 20| JEMAT}.

1) (E)-N-(4-(5-(2-(3,6-dihexylthienol[3,2-blthiophen-2-yl)vinyl)-3,6-dihexyl thienol[3,2-b]thiophen-2-
y1)phenyl )-N-(9,9-dimethyl-9H-f luoren-2-y1)-9,9-dimethy-9H-f luoren-2-amine(2-2) 34

N,N-bis(9,9-dimethylfluoren-2-yl)-4-bromoaniline(2-1)(0.138 g, 0.25 mmol), (E)-2-(5-(2-(3,6-
dihexylthieno[3,2-b]thiophen-2-yl)vinyl)-3,6-dihexylthieno[3,2-b]thiophen-2-yl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane(1-4)(0.191 g, 0.25 mmol), K,C05(0.20g, 1.5 mmol) % Pd(PPh3),(0.029 g, 0.025 mmol )7}

LalHo] e THF &9 12 AF B¢ SFAIHT. o] &HE& WA &, {7]EAE F=313, NgSo.= 1
ZA71 & s FEAIA, (E)-N-(4-(5-(2-(3,6-dihexylthieno[3,2-b]thiophen-2-y1)vinyl)-3,6-
dihexylthieno[3,2-b]thiophen-2-yl)phenyl)-N-(9,9-dimethyl-9H-f luoren-2-y1)-9,9-dimethy1-9H-f luoren-2-
amine(2-2)E 45 4 AT, F&L2 70 %olArt.

1H NMR (CDCls3): & 7.65 (t, J = 7.8 Hz, 2H), 7.63 (d, J = 8.2 Hz, 2H), 7.40 (d, J = 8.2 Hz, 21), 7.35

(t, J =7.8Hz, 20), 7.33-7.25 (m, 6H), 7.24 (s, 2H), 7.16 (d, J = 7.6 Hz, 2H), 7.13 (s, 1H), 7.10 (s,
1), 7.00 (s, 1H), 2.82 (t, J = 7.8 Hz, 2H), 2.81-2.71 (m, 6H), 1.85-1.71 (m, 8H), 1.43 (s, 12H),

1.34-1.24 (m, 24H), 0.89 (t, J = 6.8 Hz, 3H), 0.88-0.86 (m, 6H), 0.85 (t, J = 6.8 Hz, 3H).
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[0310]

[0311]

[0312]

[0313]

[0314]

[0315]

[0316]

[0317]

[0318]

[0319]
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PCCH} MMR (CDCly): & 155.2, 153.6, 147.6, 147.2, 140.4, 139.3, 139.0, 136.8, 135.5, 135.3. 134.6.

132.3, 132.1, 132.0, 131.3, 130.8, 130.1, 129.7, 128.8, 128.7, 128.5, 127.1, 126.7, 125.6, 123.6,
123.3, 122.6, 120.8, 119.6, 119.0, 47.0, 31.8, 31.7, 31.6, 31.5, 30.5, 30.4, 30.0, 29.8, 29.6, 29.4,
29.3, 29.2, 29.0, 28.9, 28.7, 28.5, 28.3, 28.0, 27.8, 27.6, 27.1, 22.7, 14.3, 14.2, 14.1.

2)  (E)-5-(2-(5-(4-(bis(9,9-dimethy1-9H-f luoren-2-y1)amino)phenyl)-3,6-dihexylthieno[3,2-b]thiophen—2-
y1)vinyl)-3,6-dihexylthienol[3,2-b]thiophene-2-carbaldehyde(2-3) A

0 Tl A (E)-N-(4-(5-(2-(3,6-dihexylthieno[3,2-b]thiophen-2-y1)vinyl)-3,6-dihexylthieno[3, 2-
blthiophen—-2-y1)phenyl)-N-(9,9-dimethyl-9H-f luoren-2-y1)-9,9-dimethy1-9H-f luoren-2-amine(2-2) 7} &35
o] & DNF(10 mL) -&o] DMF(0.1 mL)®} POCI;(0.06 mL)SZHE] fojx= Wamlolo] A k(Vilsmeier
reagent)< 7}tk 28]l o] &S 70 TolA 4 AZF Bt Ao F, WAAFT. o] &4& YA
¥, FNEAS FE3a, NgSO,E AFRAY F, gulE FTAA, (B)-5-(2-(5-(4-(bis(9,9-dimethy1-9H-
fluoren-2-yl)amino)phenyl)-3,6-dihexylthieno[3,2-b]thiophen-2-yl)vinyl)-3,6-dihexylthieno[3,2-
blthiophene-2-carbaldehyde(2-3)& A& 4 AAT. =& 85 %A},

I NMR (CbCl3): & 10.05 (s, 1H), 7.65 (t, J = 7.2 Hz, 2H), 7.62 (d, J = 8.2 Hz, 2H), 7.36 (d, J =

Hz, 2H), 7.35 (¢, J = 7.2 Hz, 2H), 7.33-7.25 (m, 5H), 7.24 (s, 2H), 7.19 (d, J = 15.6 Hz, 1H), 7.13
(d, J =8.1Hz, 20), 7.06 (d, J = 15.6 Hz, 1), 6.98 (s, 1H), 3.08 (t, J = 7.8 Hz, 2H), 2.81-2.82
(m, 40), 2.71 (t, J = 7.8 Hz, 2H), 1.85-1.71 (m, 8H), 1.43 (s, 12H), 1.34-1.24 (m, 24H), 0.89 (t, J =

6.8 Hz, 3H), 0.88-0.86 (m, 6H), 0.85 (t, J = 6.8 Hz, 3H).

ScUH} NR (CDC1): & 181.2, 155.4, 153.2. 147.3, 147.1, 140.4, 139.3, 139.0, 136.8, 135.7, 135.3.

134.6, 133.4, 132.3, 132.1, 132.0, 130.3, 130.8, 130.1, 129.7, 128.8, 128.7, 128.5, 128.1, 127.7,
126.6, 124.6, 123.4, 122.6, 120.8, 120.6, 47.0, 31.8, 31.7, 31.6, 31.5, 30.5, 30.4, 30.0, 29.8, 29.6,
29.4, 29.3, 29.2, 29.0, 28.9, 28.7, 28.5, 28.3, 28.0, 27.8, 27.6, 27.1, 22.7, 14.3, 14.2, 14.1.

3) (Z2)-3-(5-((E)-2-(5-(4-(bis(9,9-dimethy1-9H-f luoren—2-yl)amino)phenyl )-3,6-dihexylthieno[3, 2-
blthiophen—2-yl)vinyl)-3,6-dihexylthienol[3,2-b]lthiophen-2-y1)-2-cyanoacrylic acid(2-4)(JK-112) §A

(E)-5-(2-(5-(4-(bis(9,9-dimethy1-9H-f luoren-2-yl)amino)phenyl )-3,6-dihexylthieno[3,2-b]thiophen-2-
y1)vinyl)-3,6-dihexylthieno[3,2-b]thiophene-2-carbaldehyde(2-3)(0.16 g, 0.140 mmol)2} AJo}-o}A|EAL
(cyanoacetic acid)(0.024 g, 0.28 mmol) TFES oA AXRAZ & ofAEL]EH (MeCN) (60 ml)2} I
e (piperidine)(0.012 g, 0.140 mmol)S& FH7bd &AE& A=zttt o] &HE 6 ARF st SdFAN F,
WA 713, f7158  AASS  (2)-3-(5-((E)-2-(5-(4-(bis(9,9-dimethyl-9H-f luoren-2-yl)amino)phenyl )~
3,6-dihexylthieno[3,2-b]thiophen-2-yl)vinyl)-3,6-dihexylthienol[3,2-b]thiophen-2-yl)-2-cyanoacrylic

acid (2-4)(JK-112)E €& 4 AAT. F&2 51 %]}

' NMR (DMSO-dg): &6 8.20 (s, 1H), 7.77 (t, J = 8.1 Hz, 2H), 7.50 (d, J = 8.7 Hz, 2H), 7.42 (d, J = 8.7

Hz, 2H), 7.32 (¢, J = 8.1 Hz, 2H), 7.30-7.25 (m, 6H), 7.24 (s, 2H), 7.21 (d, J = 15.6 Hz, 1H), 7.13
(d, J = 8.4 Hz, 2H), 7.10 (d, J = 15.6 Hz, 1H), 7.08 (d, J = 8.4 Hz, 2H), 3.19 (¢, J = 7.8 Hz, 2H),
2.93 (t, J = 7.8 Hz, 2H), 2.71-2.68 (m, 4H), 1.81-1.71 (m, 8H), 1.37 (s, 12H), 1.34-1.24 (m, 24H),

0.82-0.79 (m, 12H).

PCCH} MMR (CDCly): & 166.1, 155.8, 154.9, 153.2, 152.1, 150.1, 147.7, 146.4, 145.5, 145.3. 140.8,

139.8, 139.0, 138.4, 137.2, 137.0, 135.7, 134.6, 133.4, 132.1, 130.7, 130.1, 129.4, 128.5, 127.8,
127.1, 126.8, 123.6, 123.4, 122.6, 120.3, 119.5, 119.1, 46.4, 31.8, 31.7, 31.6, 31.4, 30.5, 30.4,
30.1, 29.9, 29.7, 29.5, 29.3, 29.2, 29.0, 28.8, 28.7, 28.5, 28.3, 28.0, 27.8, 27.6, 27.1, 22.6, 14.3,
14.2, 14.1.

AAd 2: JK-113(3}sH4] 219] E3tE) 9 A=F
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JK-1139) AZTAE = 30| JeERAATT.

1) (E)-2-(5-(2-(3,6-dihexylthienol[3,2-b]thiophen-2-y1)vinyl)-3,6-dihexylthieno[3,2-b]thiophen-2-yl)-
N,N-bis(9,9-dimethyl-9H-f luoren—2-y1)benzo[b]thiophen—6-amine(3-2) &4

N,N-bis(9,9-dimethylfluoren-2-yl)-4-bromoaniline(2-1) ©HAl, 6-(bis(9,9-dimethylfluoren-2-yl)amino)-2-
bromobenzo[ bl thiophene(3-1) (0.16 g, 0.261 mmol)& o] &3tth= AL AL, HAAld 19 1) IAHZ 5
3 WPHS o] &ste],  (E)-2-(5-(2-(3,6-dihexylthieno[3,2-b]thiophen-2-y1)vinyl)-3,6-dihexylthieno[3,2-
blthiophen—2-y1)-N,N-bis(9,9-dimethyl-9H-f luoren-2-y1)benzo[blthiophen-6-amine(3-2)2 <& F UAT}.

TE&L 51 %o},

' NMR (CDCly): & 7.64 (d, J =9.0 Hz, 1H), 7.59 (d, J = 8.1 Hz, 2H), 7.58 (t, J =8.1 Hz, 2H), 7.56

(s, 1), 7.39 (t, J = 8.1 Hz, 2H), 7.36 (d, J = 9.0 Hz, 1H), 7.32-7.28 (m, 4H), 7.25 (s, 2H), 7.19 (s,
), 7.13 (s, 1H), 7.11 (s, 1H), 7.10 (d, J = 8.1 Hz, 2H), 2.82 (t, J = 7.8 Hz, 2H), 2.81-2.71 (m,
6H), 1.85-1.71 (m, 8H), 1.43 (s, 12H), 1.34-1.24 (m, 24H), 0.89 (t, J = 6.8 Hz, 3H), 0.83-0.86 (m,

6H), 0.85 (t, J = 6.8 Hz, 3H).

SCCUH} MMR (CDCly): & 155.3, 153.7. 147.5, 146.5, 145.4, 143.7, 142.2, 141.1, 139.0, 138.4. 137.5.

136.5, 135.2, 134.8, 134.4, 134.1, 133.9, 133.8, 132.8, 132.3, 131.2, 130.9, 129.8, 128.7, 127.1,
126.7, 126.5, 126.3, 123.2, 122.7, 120.8, 119.5, 118.6, 116.7, 47.0, 31.8, 31.7, 31.6, 31.5, 30.5,
30.4, 30.0, 29.8, 29.6, 29.4, 29.3, 29.2, 29.0, 28.9, 28.7, 28.5, 28.3, 28.0, 27.8, 27.6, 27.1, 22.7,
14.3, 14.2, 14.1.

2) (E)-5-(2-(5-(6-(bis(9,9-dimethyl-9H-f luoren-2-yl )amino)benzo[b] thiophen—-2-y1)-3,6-
dihexylthienol[3,2-b]thiophen-2-y1)vinyl)-3,6-dihexylthienol[3,2-b]thiophene-2-carbaldehyde(3-3) A

(E)-N-(4-(5-(2-(3,6-dihexylthieno[3,2-b]thiophen-2-y1)vinyl)-3,6-dihexylthieno[3,2-b]thiophen-2-
y1)phenyl)-N-(9,9-dimethyl-9H-f luoren-2-y1)-9,9-dimethy1-9H-f luoren-2-amine(2-2) Al (E)-2-(5-(2-
(3,6-dihexylthienol[3,2-b]thiophen-2-yl)vinyl)-3,6-dihexylthieno[3,2-b]thiophen-2-y1)-N,N-bis(9,9-
dimethyl-9H-f luoren-2-y1)benzo[b]thiophen-6-amine(3-2)(0.3 g, 0.249 mmol)S o]&3ttt= AS A Lshd,
AAlel 16 2) A sdd e ol&ste],  (B)-5-(2-(5-(6-(bis(9,9-dimethyl1-9H-f luoren-2-
yl)amino)benzo[b]thiophen-2-y1)-3,6-dihexylthieno[3,2-b]thiophen-2-y1)vinyl)-3,6-dihexylthieno[3,2~
blthiophene-2-carbaldehyde(3-3)& ¥ 4 A}, &2 51 %o|Art.

I NMR (CDCl3): & 10.05 (s, 1H), 7.64 (d, J = 9.0 Hz, 1H), 7.59 (d, J = 8.1 Hz, 2H), 7.58 (¢, J = 8.1

Hz, 2H), 7.61 (s, 1H), 7.39 (t, J = 8.1 Hz, 2H), 7.36 (d, J = 9.0 Hz, 1H), 7.32-7.28 (m, 4H), 7.25 (s,
2H), 7.19 (d, J = 15.6 Hz, 1H), 7.10 (d, J = 8.1 Hz, 2H), 7.06 (d, J = 15.6 Hz, 1H), 6.98 (s, 1H),
3.07 (t, J =7.8Hz, 2H), 2.96 (t, J = 7.8 Hz, 2H), 2.82 (t, J = 7.8 Hz, 4H), 1.85-1.71 (m, 8H), 1.43
(s, 12H), 1.34-1.24 (m, 24H), 0.89 (t, J = 6.8 Hz, 3H), 0.88-0.86 (m, 6H), 0.85 (t, J = 6.8 Hz, 3H).

).

Sc{H} NR (CDC1): & 180.8, 155.6, 154.7. 148.5, 147.5, 145.3, 143.7, 142.2, 141.1, 139.0, 138.4,

137.5, 136.5, 136.2, 134.8, 134.4, 134.1, 133.9, 133.8, 133.4, 132.8, 132.3, 131.8, 131.2, 130.8,
129.5, 128.5, 127.1, 126.7, 126.5, 126.3, 123.2, 122.7, 120.8, 119.5, 47.0, 31.8, 31.7, 31.6, 31.5,
30.5, 30.4, 30.0, 29.8, 29.6, 29.4, 29.3, 29.2, 29.0, 28.9, 28.7, 28.5, 28.3, 28.0, 27.8, 27.6, 27.1,
22.7, 14.3, 14.2, 14.1.

3) (Z2)-3-(5-((E)-2-(5-(6-(bis(9,9-dimethy1-9H-f luoren-2-y1)amino)benzol[b] thiophen-2-y1)-3, 6~
dihexylthieno[3,2-b]thiophen-2-y1)vinyl)-3,6-dihexylthienol[3,2-b]thiophen-2-yl)-2-cyanoacrylic acid(3-
4)(JK-113) A

(E)-5-(2-(5-(4-(bis(9,9-dimethy1-9H-f luoren-2-yl)amino)phenyl)-3,6-dihexylthieno[3,2-b]thiophen-2-
yl)vinyl)-3,6-dihexylthieno[3,2-b]thiophene-2-carbaldehyde(2-3) Al (E)-5-(2-(5-(6-(bis(9,9-
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dimethy1-9H-f luoren-2-y1)amino)benzo[b]thiophen-2-y1)-3,6-dihexylthieno[3,2-b]thiophen-2-y1)vinyl)-
3,6-dihexylthieno[3,2-b]thiophene-2-carbaldehyde(3-3)(0.21 g, 0.175 mmol)< ©]&gti= ZS A|9stH,
A 19 3) A FAF PP ol&dte], (2)-3-(5-((E)-2-(5-(6-(bis(9,9-dimethy1-9H-f luoren-2-
yl)amino)benzo[b]thiophen-2-y1)-3,6-dihexylthieno[3,2-b]thiophen-2-yl)vinyl)-3,6-dihexylthienol3,2-
blthiophen-2-y1)-2-cyanoacrylic acid(3-4)(JK-113)& ¥4 4 Atk 488 53 90U},

I NMR (CDCl3): & 8.19 (s, 1H), 7.77 (d, J = 9.0 Hz, 1H), 7.69 (d, J = 8.1 Hz, 2H), 7.61 (t, J = 8.1

Hz, 2H), 7.58 (s, 1M), 7.39 (t, J = 8.1 Hz, 2H), 7.36 (d, J = 9.0 Hz, 1H), 7.32-7.28 (m, 4H), 7.25 (s,
2H), 7.22 (d, J = 15.6 Hz, 1H), 7.16 (d, J = 15.6 Hz, 1H), 7.13 (d, J = 8.1 Hz, 2H), 7.10 (s, 1H),
3.07 (t, J =7.8Hz, 2H), 2.96 (t, J = 7.8 Hz, 2H), 2.82 (t, J = 7.8 Hz, 4H), 1.85-1.71 (m, 8H), 1.43
(s, 12H), 1.34-1.24 (m, 24H), 0.89 (t, J = 6.8 Hz, 3H), 0.88-0.86 (m, 6H), 0.85 (t, J = 6.8 Hz, 3H).

13C{lH} NMR (CDCl3): & 166.2, 156,2, 155.6, 154.7, 148.5, 147.5, 146.5, 145.3, 143.7, 142.2, 141.1,

139.0, 138.4, 137.5, 136.5, 136.2, 134.8, 134.4, 134.1, 133.9, 133.8, 133.4, 132.8, 132.3, 131.8,
131.2, 130.8, 129.5, 128.5, 127.1, 126.7, 126.5, 126.3, 123.2, 122.7, 120.8, 119.5, 47.0, 31.8, 31.7,
31.6, 31.5, 30.5, 30.4, 30.0, 29.8, 29.6, 29.4, 29.3, 29.2, 29.0, 28.9, 28.7, 28.5, 28.3, 28.0, 27.8,
27.6, 27.1, 22.7, 14.3, 14.2, 14.1.
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T 6ol Z=AJE mpel o], JK-1129F JK-1138 PEFS HIEAA Y dm=z o|&sA W, JK-8129 S
HI8], IPCE ko]l @A 3] 7AA, PAtEE o] A{FE HIHE G8&o] 54 22 & = v,

T 78 JK-1129F JK-1130] 8-S BlYAX e A82 olgd A9, Agdd e AFIEE Yehle EHo]
o},

T 70 E=AE wmpe} o), ]

P R ol§F 7

pud

-1129F JK-1135 9878 HEAA Y 8z o8 A9 K815 duis H
= dlus] B, V,.(open circuit voltage) #< FAFSHY, Jo(short circuit

—{07:

current) FollA 2 2ozt J&S & = vk, =, JK-1129F JK-1139] 497} JK-819] A%l nla] J.7F A
3 AvE AL 4 = JdEd, ol JK-1129) JK-1138 PR o83 HAHAA I} FAE] & AFS Y=

L6 % =79 Ads EIeA JK-81, JK-112 9 JK-1130] == o8¢ dunzhs A FTFA 54
S ¥ 1o YEugh. olw, A A (150)2 ol ELe]E™ (acetonitrile)e] 0.6 M DMPImI, 0.05 I,, 0.1 M

Lil 2 0.5 M tert-butylpyridine®] &3] A= XS AFE3Y T, 1 sun] ElFHFo] ZAE QAT

[% 1]

A= Jsc(mA/CmZ) Voc (mV) F.F.(%) n (%)
JK-81 9.4 710 75 5.1
JK=112 15.7 690 74 8.0
JK=113 17.6 710 72 9.1

% 1o vERd mie} o], F EloimEloglo] o]F AF Fxo o AAdFe] e FRE e dm(K-112,
JK113) 5 AFE3F A97F v Adtel 93] Elo Bl H Alo]E 4% %2 zkE= A& (JK-81)d H|3 J. ak3
FE&(n)ol XA Z71etgeS & + Yrt. E3F] JK-113= JK-81¢] H|&) &8&o] €53 =7H5.1 % — 9.1
B)etF S-S o 4 drt. 2E]ar DCA--TBA(tetrabutylammonium chenodeoxycholic acid salt) H7}AZE JK-113
A8l I F& AEEZo FTAANIA HE, @0l 9.5 WA Z7E AT,

A A (150) 2 &7} AAY o] AA Al A PMMI/EMINCS(13:7) ol 0.2 M I,, 0.5 M NMBI = 0.1 M

GUNCS7} 3w = A3AE o]83 AAE JK-1139 A &80 7.9 % A=)},

.
xe

o =Bl @ H-H dA-E ol =B e A S sk SHtES AA daldE ofyel, A FEje] A
] o 7.

Ao = o] grtesltt. A Aeje] HafAZE Spiro-OMeTAD(2,2 7'-tetrakis(N,N-dimethoxyphenylamine)-
9,9'-spiro-bifluorene)S o83}, 0.1 sun® EjYFo] FAlE 299 JK-112 % JK-1130] I8 =2 o83 o
275 "HEFHAA 9 F3HAEQA EAFS E 20 YEMATH
[E£ 2]

== Jsc (MA/cm?) Voe (MV) F.F. (%) n (%)
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