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dE S0, 318k 504, R1, R2, R3, R4, E R5E, MZE LAY Aolata, 4, 2 == EA4 Cl-
€20 &27], A = BX4 2-C20 ¢AL7], = F T 24 C2-C20 &7d7]o)H,

dE S0, 3382 694, Y&, F, Cl, Br =& Io|n, uigtdstA & Brolil, R,

" oA AEs, Ra WA

A wE 22 2-020 &AL,

o
o
1o
Lot
&
1>
(o))
fr
=
>
i
rlr
o
1
Y
Ll
St
jines
o
2
N}
o\
o

5 E°], Ful=, Pd(0) E&= PA(ID) Zebs &% Fvolw, bis(dibenzylideneaceton)palladium(Pd(dba),);
Bis(triphenylphosphine)palladium(II)dichloride(PdCl,(PPhs),);
Pd(PPh3)4(tetrakis(triphenylphosphine)palladium(0))s & 4 AT},

d& £, 7] wlol2E, K.03,Na,COs,Nall,KH,NasP0, ,KsPOy, 2= NaOR1 =& KOR1(417]1A, R12, C1-C6 &Z o]
th). A7) dlolzw, 884 6 el el 0.1 WA 8 ¥ e 5 WA 8 WHoR HrkE & Q.
AE 5o, A7l Wt WA=, e 5 3 ek 69 stEEs Zhzh &l el A Balgk o] 5 wo]x
A7kstel £@etar, Fuje] EA spellA A= WA 100 T B A= WA 90 CollA 1 AIzF WA] 30 A7
= 10 AR A 24 AZE E9E wakelA Rk3-S FEE o Qlrh. Whg o] Fo] o wtne] Y] FofdlA o
| 2 7!

|
Hor o3 Fo e, =, AAAd, AxvtEIdY SO AAl, Ax 5 ol8ste] vt
[e]

;
oo op R

ol 5ol, St 5 L shsh 69 SRR, 27 10 A 40 Mol FEE gvlel gHel EdE & Ao
A7) g SRS sk 47 We el £ WS SRR FF F7h) mE FAE 42T PAs,
#% ool HE £E B2E AT + Ak

wowge, AAuNy 2Rl B Aom, B wme o AAdd] utE, AAMAY RS, B w
og ¢l nR¥AS A g, FUT HEN FUD WAL 2= v AZT 5 9

Bowyel o WAl wet, 4] AAMNY B, B owgel of EeddolwA mid w g §
9%+ A

2ol o oz, 4] Belsldolwl miabs, 2AE 100 Rl dla 1WA 10 FHR R 1A
5% = EgE A, 7] 49 el ZHEw s el wede] 4F ol e giw 7
2% PAREA, A wekel Az A #U@ o 9L AFeekA @

® w9 AAde] wel, 7] S, dEREUE, FREEE, NN-UADEeltlel SN, ER, o
98, ¥ % AEGRSRERY T 1F o4S £IT 5 A

® ool oz, B ouwe) AAUNY TS, B oduel /1% Ropld A8 S U 23 &
govl, dg Sol, Y waAl, BAAl, olWSETI0), A5 okA(zm0) Bl ¥R 5U 4 e, ¥
HAAelE e AshA et

Bowge, AANA 2 B A0E, B odye] o Axd] wE, AAWA A, B oude o =9
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=
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CuHg Br

Pﬂdbah,DPEPhos ;
+ N
Na'OBu Toluene ©/ O\ " /©/ O\
NH, Br ) CeHs

nBuli, THF

3E(1)
4-B-g-N N-t]# dopd & (4-butyl-N,N-diphenylaniline, 1)

B 2 2l A (Bromobenzene, 26.69 g, 170 mmol), 4-%F-€old@ (4-butylaniline, 8.344 g, 56 mmol) ¥ AFH-H
E-RYExlo]E(sodium  tert-butoxide, 19.23 g, 200 mmol)o] EZA ‘7oA EFA(160 mL) W
DPEPhos (bis[2-(diphenylphosphino) phenyl Jether) (0.914 g, 1.7 mmol) =
Pd(dba)2(bis(dibenzylideneaceton)palladium)(0.789 g, 1.3 mmol)2] &Ho| H7/FHAT. =& &AL, 90 C
ol4 24 h FF WWHETE. W EFES AAR7MA WASIAL, 500 nl B HUbet, £FES g ofAl
HolEx FZHEUH2 X 250 nl). EFEH F71F5S, PAUERFLRE FEE AASIL Fdsd ¥ ar,
A7t Add AZefE T (A Yo 10% ole ofMElc]E)d old] AAlE o] w=ghdo]ar o A
AE 14.02 g (83 )& 53T

f

=
A8

M ooN r u:?L'
T U T

=
[€)
o

-

W ONMR (300 MHz, CDCls):8 7.17-7.08 (m, 4H), 7.01-6.83 (m, 10H), 2.52-2.44 (t, J=7.7Hz,2H),1.57-
1.44(m, 2H),1.35-1.21(m, 2H),0.90-0.81(t ,J=7.3Hz, 3)ppm; CNMR(300MHz,CDC1;): 6  148.1, 145.3, 137.7,
129.2,  129.1, 1247, 123.7, 122.1, 35.0, 33.6, 22.4, 13.9 ppm; IR  Vuinem
'(inCHC14):2930, 1589, 1508, 1491, 1276, 1075,903, 833, 723, 649, 621; ESI-MS: 302 [M+H ]

33HE(2)

4-B 2 R2-N-(4-B 2 123Hd)-N-(4-F-= ¥4 )o}'d A (4-bromo-N-(4-bromopheny! )-N-(4-butyl phenyl )aniline, 2)

getsE 2=, Xy FAH(Hong H, Jo MY, Ha YE, Kim JH. Synthesis and characterization of thermally
cross—linkable trimer based on triphenylamine. Macromolecular Research 2013;21:321-6)°] <3 A==
t}. N-H =2 EZAolu]=(N-bromosuccinimide, NBS) (5.69 g, 32 mmol)2, DMF (70 mL) 9] 4-%-€-N N-t]¥
Jold A (4-butyl-N,N-diFldobd®, 1) (5.032 g, 16 mmol) &Nl A7}=AT. EFES, 294 12 h &
QF WWHE I, 200 mLo] Eo] H7tHI, £RES oY ofMHER FEHUT(2 X 150 mL). EFEH 7]
2, FHIEFROR SRS AAGL FFE oo, At AFY ARvEIHI(IAL ] 10% " ofAl
olE)ol| & AAlF] wmghA A3 e Ao WAE(6.85 g, 93%)S 5.

= ofy

T NR (300 MHz, CDCly):6 7.27-7.21 (m, 4H), 7.04-6.97 (d, J=8.3Hz,2H),6.93-6.80(m,6H),2.54-
2.45(t,J=7.71z,20),1.58-1.46(m,2H),1,37-1.22(m,2H),0.91-0.82(t ,J=7.3Hz,3H)ppm;13CNMR(300MHz,CDClg)1 6
146.7, 144.4, 138.8, 132.3, 129.6, 125.0, 115.0, 35.1, 33.7, 22.5, 14.1 ppm; IR Vincm
1(inCHC13)23014,2957,2929,2858,1578,1508,1483,1310,1280,1214,1176,1102,1071,1006,908,820,748,667;ESI—

MS: 460N+ T
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34=(3)

4-5E-N N-8B|2(4-(4,4,5,5-6| E&}HE-1,3,2-T] SALE 2 3-2-d) #'d ) o}'d & (4-buty1-N,N-bis(4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl )phenyl)aniline, 3)

33tE 38, Buy FAH(Chu Y-L, Cheng C-C, Yen Y-C, Chang F-C. A new supramolecular hole
injection/transport material on conducting polymer for application in light-emitting diodes. Advanced
materials 2012;24:1894-8)°l wa} A=At F= THF (45 nL) o] 4-H2E-N-(4-H223d)-N-(4-3¢
Hd)obd#(1.97 g, 4.3 mmol) &AL, AA ®97] sl -78 T7HA W24 AT, nBuli (2.5 M/&3F, 4.3
mL, 10.7 mmol)e] AahgAo H7twa, EFES, U koA 1 h Fek avEdrt, tFor, 2-oli
I 239-4 4,5 5-HEZE-1,3,2- EiﬁlA}ﬁiié ZH(2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane, 2.7
ml, 12.8 mmol)o] HA7}¥ 1, EFEL, -78 ColA 2 h T iy, wge Eo HIylE AA ¥, oY
opAHl| ER FEH T, %71%—%, FAHEFoR FES AASAT. Sl AAHL, IF= YHES Hw
=5 o8 AR Oo® FAHo] sto]E A (1.26 g, 53%)E &S5kt

1H NMR (300 MHz, CDCl3): & 7.63-7.55 (d, J=8.3Hz,4H),7.04-6.90(m,8H),2.55-2.47(t,J=7.6Hz,2H),1.60~
1.46(m,2H),1.35—1.22(m,24H),O.91—O.83(t,J=7.3Hz,3H)ppm;13CNMR(6OOMHZ,CDC13)Z § 150.3, 144.4, 138.9,
135.9, 129.9, 125.8, 122.4, 83.5, 35.0, 33.5, 24.8, 22.4, 13.9  ppm; IR vmmincmi

1( inKBr):3028,2975,1592,1271,1213, 1139, 857,826, 738,673 ; EST-MS: 554[M+H+]+.

Az 2
3EE 4 K 3HEHE 82 31719 A~ 20 wiEt g Eki.
(=7 2]

ﬂ NBS = Fuming HNO; O;N NO,
————— ——
s CHCl,, CH,C00H Br~— g~ ~Br Fuming H,S0, BrnBr

Conc. H,S0, S
5
SnCh
v HCI, EtOH
/ \ K H;N NH,
2/ \g
Br CHCI,, TFA S
5 s
8 7 6
313HE(4)

2,5-t/B 22 E] @ #(2,5-dibromothiophene, 4)

3stE 45, B 3 (Kellogag RM, Schaap AP, Harper ET, wynberg NDH. Acid-catalyzed brominations,
deuterations, rearrangements, and debrominations of thiophenes under mild conditions. J Org Chem
1968;33:2902-9)°l whel AzH AT, N-B2RSom=(60 g, 0.33 mol)o] opAEA Bl FREIE 50:50
(v/v)e E3E 250 nL Wlol B (14.0 g, 0.16 mol)e &N HrtHAT.  EFEE, 158 ot
Fo, Zo] AEa, EFES, FREY¥FORE FEHUY. 7S, it
TR FHHJT. AFE 2AES, Mo Ay aEntEadgaE A

1

AEo] dare] Ast= FFHE(31.5 g, 84%)S F S5 HNMR(600MHz,CDCl5): & 6.75 (s, 2H) ppm;

rlo

)

PONMR(300MHz,CDC1,): 6 130.2, 111.5 pm; IR V angd0ICID

'(inCHC14):3095.2953, 15671516, 1202, 1032, 779,710, 689; ESI-MS: 241 [M+H 1"
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33E(5)
2,5-tB22-3 4-tUERE 3(2,5dibromo-3,4-dinitrothiophene, 5)

getE 5=, HauE FAHMozingo R, Harris SA, Wolf DE, Hoffhine CE, Easton, NR, Folkers K, et al.
Hydrogenation of Compounds Containing Divalent Sulfur. J Am Chem Socl1945;67:2092-5, Hailu H, Atsbeha
B, Admassie S, Mammo W, Raju VJT, Chebude Y, et al. Variable denticity of a multidentate terthiophene
derivative towards ni(ii) and zn(ii) structural studies. Bull Chem Soc Ethiop 2011;25:221-31]2.2 A
¥tk HE HS0,(110mL),HE HNOs(60mL) 2 &FH H,S0,(73mL)7F Fek2== el Al &= ar, ofo]2
2 Yol dZEder. 2 5-t]B 2R E Q3 4(2,5-dibromothiophene, 21.54 g, 89 mmol)o] F 3} W2low
ZhE A, EE 20-30 TR §AEHJAT. WSS, 4 h B wwkg o] Fo] ofo]zo] ©A Ak, A
AFEL, Y 22 AHE 01%011 A9 ARvEIHI(20 ¢ AL el olE opAlHe|E)® HAlste] <
o =gk B(25.94 g, 880)S F 53T

C NMR (600 MHz, DMSO-ds) : & 139.7, 116.5 ppm; IRV . incm.
1( inKBr) :2850,2627,1536,1496,1452,1079,800, 748,733, ESI-MS: 330[M—H+]+.

B13HE(6)

3] @ #-3,4-t]o} 9l (Thiophene-3,4-diamine, 6)

3eE 62, Huw FAH([Liu X, Li L, Sun J, Yan Y, Shu X, Liu B, Sha W, Feng H, Sun S, Zhu J, et al. A
Coordination complex system for generic, ultrafast, and sensitive multimode fluorescent staining of
biomolecules. Inorg Chem 2012;51:188-92)°0. & A|Z%Ucl. 3}E 5 (3.53 g, 11 mmol) = HCl/o¥te =3t
E(48 nL/69 nL)S, Zekaa el ks, ololx w2 Wellx WZE Y. ®’(11) FR2gto]|= tlsto| =4
°]E(81 g, 360 mmol)¥, 25 T &£&55 FASES Agoz H AT, wheES, A anksa, 47 &

|

Mol pH 107} F=F 4 M KOHO] 7M=L, 8L, oE olAHER FE5H I, §7]52, 3 UEFOZ
AzE o]|Fo] Ay FZulE I (70 % i W] oE olMHIE)E AAE ZA 1A(0.5 g, 4005 F
53ttt

HONMR (300 MHz, CDCl):6 6.17 (s, 2H), 3.35 (s, 4H) ppm:  CNMR(6OOMHz,CDCls): & 136.9, 101.4 ppm: IR

V a1 ncmil( inKBr ) :3355,3279,1605, 1475, 1442,1259,1090,772,702,645.

3HE(7)
2,3-t¥dEl o =[3,4-b] ¥ 8} (2,3-diphenyl thieno[3,4-blpyrazine, 7)

= 6 (0.45 g, 3.95 mmol)&, ol¥(85 mL) Wlel WA (0.91 g, 4.34 mmol)ell b=, WA
et gfde 7ol Zuyy Ad F2eleE I (@A U9 10% g olAEH ol E)R AAF o] kA
A(0.81 g, 71%)E 583}

Hrﬁﬁ

H NMR (600 MHz, CDCl3): & 8.05 (s, 2H), 7.46-7.29 (m, 10H) ppm; BCNMR(GOOMHZ,CDCI,@):S 153.4, 141.6,
139.1, 129.6, 128.8, 128.1, 117.5 ppm; IRvmaXincm_
l(inKBr)23084,3054,1597,1576,1231,1074,839,816,723;ESI—MSI289[M+H+]+.

3H3HE(8)

5,7-t] B 2% -2,3-t]¥dE o] =[3,4-b]¥ A (5, 7-dibromo-2,3-diphenylthienol3,4-blpyrazine, 8)

NBS(0.97 g, 5.4 mmol)=, FE2ZE/EZZFQ 2olMEA chloroform/trifluoroacetic acid, 16 mL; 1:1 v/
v E£3E JY F3FE 7(0.75 g, 2.6 mmol)el] HIUFHENL, EI}EL, o] AuE AJHCA A
WHEHSY. EFES olE oMAHER FEHa, SMIVEFOZ FEE AAT o|Fd A FHeta, A
v}
)

=
T
H ARvtEI I (Fah o] 50% UEREve)R Aol 2Hul-mek 314(0.86 g, 740 E 5SS

I MR (300 MHz, CDCl): & 7.46-7.27(m, 10H) ppm; 13CNMR(GOOMHZ,CDClg)IéS 154.7, 139.3, 138.2, 129.8,
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129.3, 128.1, 104.9 ppm; IR vmincmil(inKBr)13051,1596,1523,1253,1025,811,763,739;ESI—MSI447[M+H+]+.

Az 3
33HE 9 WA e 159 FAL, 8719 27 30 whet A xE ATt

Br
CgHyy CgHyr CeHir
. G o
nCgHy7 _—
s NI(DPPP)CI; Br SnBu;CI g~ ~SnBug
1

O:N  NO RN N
No;  Nog Catir Pd(l) i F\ i SnClp st N _s
/ﬂ\ ‘[X ’ s s § HCI, EtOH \ s "/
Br s~ Br 8~ "SnBuy  Toluene ./ W/ ' CoHry CoH
. " CoHrr CoHay o
12 o o
- EtOH
Ph Ph
NN e N N
e S M S s_ g TFACHCl s J/\ s
N/ S\ NS N
CgHyz CgHay CgHyr CgHiy
15 14
3HE(9)

3-2€E 3 (3-octylthiophene, 9):

3stE 9%, Xal® FAH(Chochos CL, Economopoulos SP , Deimede V, Gregoriou VG, Lloyd MT, Malliaras
GG, Kallitsis JK, et al. Synthesis of a soluble n-type cyano substituted polythiophene derivative: a
potential electron acceptor in polymeric solar cells. J Phys Chem C 2007; 111:10732-40)°l oJ3l #|Z%]
Aot 1-BERSE(1-bromooctane, 28.7 mL)<, ¥ Tlold o€ Z2(130 mL) W] ml1uld (4.63 g, 193
mmol) &Holl A3} WAooz HrEUr. EF}ES, 2 h T A& EH7|NA "73}5]9114. HF 12 A
oFo] 3-H 2 X E]2#(19 g, 116.6 mmol) % Ni(dppp)Cl,(0.31g,0.571mmol) =
2 H7EAG. 24 h B wgk @ JpE o] Fof | WhE E3EL, ofo]~ H) (
qEdHZEZR FEHAT. FVFS, FMUEFOR TS AAHL, Y LR F55HL, IiS o] &
A4 AmvtEagdel os) FAwe]l FA ©U(15.54 g, 68%)S 58T

>
=
e
oft
Y
>
k]
jem]
=

IHNMR(SOOMHZ,CDCI:;)Zﬁ 7.20 (m, 1H), 6.90 (m, 2H), 2.61 (t, J=7.68,2H),1.67-1.55(m,2H),1.38-

1.19(m,10H),0.88(t,J:6.52HZ,SH)DDHI;13CNMR(300MHZ,CDC13):6 143.2, 128.2, 124.9, 119.6, 31.8, 30.6,

30.3, 29.4, 29.3, 29.2, 22.6, 14.1 ppm; IR V max101CM

1( inCHC13) :2926,2855,1462,1379,1082,904,725,649;EST-MS: 197[M+H+]+.

3}13HE(10)

2-122-3-2"E Q3 (2-bromo-3-octylthiophene, 10)

3eE 102, Bay FA4Me M, Leslie TM, Sinicropi JA. Synthesis of chromophores with extremely high
electro-opticactivity. 1. thiophene-bridge-based chromophores. Chem Mater 2002;14:4662-8)°l <J&f A%
HAE, %= 9 (5.49 g, 28 mmol)E DMF (30 mL) WS N-HEHEZA|u]=(NBS) (5.76 g, 28 mmol) &-<fo
U5 A3k AeolA HaphgAoz HrrEdek, EFES, Ao 12 h ek whkE ATk, E(150 mL)o] #
7tH A, HE EGES, oY ofAHOIE(2 X 150 mL)E FEHATE. F7EFS, 3 YEFOR FES AA
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3ta, FHEJT. AFE APEES, A4S oS Ay AZvtETHT Y 93] GAlEo] T4 2U(6.95 g,
90%) 2] Yt =S IS5
WOMR (600 MHz, CDCl):& 7.18 (d, J=5.5Hz,1H),6.80(d,J=5.6Hz,1H),2.57(t,J=7.7Hz,2H),1.62-
1.55(m, 2H),1.38-1.24(m, 10H),0.89(t , J=6..9Hz, 3M)ppm; CNMR(300Mz,CDCl): 6 141.8, 128.3, 125.0, 108.9,
31.9, 29.7, 29.4, 29.2, 29.2, 22.7, 14.1 ppi; IR V naxinem

1(inCHClg)12953,2922,2853,1539,1462,1408,991,757,713,683:ESI—M51276[M+H+]+.

33hE(11)
EEE(3-2dE 2 3-2-U) 2l H(Tributyl (3-octylthiophene-2-y1)stannane, 11)

33tE 112, RuE FAH(Usta H, Risko C, Wang Z, Huang H, Deliomeroglu MK, Zhukhovitskiy A, Facchetti
A, Marks TJ, et al. Design, synthesis, and characterization of ladder-type molecules and polymers.
air-stable, solution-processable n-channel and ambipolar semiconductors for thin-film transistors via
experiment and theory. J Am Chem Soc 2009;131:5586-608) we} A|Z= k. 10 (2.1 g, 7.6 mmol)2o] &N
2, § THF (10 mL) 9] U}iltﬂff (0.17 g, 7 mmol) 9] E5FE AMz=HAMo A3l o=z HutHAY. &3
Eo] 2 h B¢ 7% o]Fo F4 THF (10 mL) We] EfHF-EdE Z2Zo]=(tributyltin chloride, 1.90 mL,
6.5 mmol)o] &<fo] 0 ToA @4‘%ﬂii»ﬁﬂﬂ%ﬂa s -@%%° BENA 2EE Eelar, WA ugk

Effeel & rtetn o FEAAG. £7)

olo

)

<, A EFoR £Es Arsta, e A

ofj

HONR (300 MHz, (DClz):8& 7.53 (d, J=4.6Hz,1H),7.10(d,J=4.6Hz,1H),2.59(t,J=7.9Hz,2H),61.77-
1.49(m,8H),1.42—1.18(m,16H),1.16—1.07(m,6H),0.97—0.79(m,12H)ppm:wCNMR(300MHz,CDClg)Z6 150.7, 130.8,
130.6, 129.1, 32.9, 32.2, 31.8, 29.8, 29.6, 29.3, 29.0, 27.3, 22.6, 14.1, 13.6, 10.8 ppm; IR Vyincm

1(inCHC13)13097,1568,1517,1033,980,947,783,727,649;ESI—MSZ486[M+H+]+

33E(12)
3' 4'-tyE=2-3,3''-t]*d-2,2':5' ,2""-E|E¥ 2 #(3',4'-dinitro-3,3"' '-dioctyl-2,2':5',2"' '~
terthiophene, 12):

e 125, Huyd FA4(Beaupre~ S, Breton A-C, Dumas J, Leclerc M. Multicolored electrochromic
cells based on poly(2,7-carbazole) derivatives for adaptive camouflage. Chem Mater 2009;21:1504-513)2.
2 AZHAC. 3+E 5 (2.2 g, 6.6 mmol) ¥ 11 (6.77 g, 13.8 mmol) ©°] EF<l (30 mL) e
PdC1,(PPhy)»(98mg) 8-l H7F= ATt Whg E3HE2, 12 h B¢t A& #9704 &FHATG, g E4EL

F27A Yzkelsith. Sl AAELD, AFE APAES, AEI A d9 azetEad g (A U] 10% oE
@ﬂﬂﬂéﬁ;@ﬂﬂﬂswvuﬂggwag,w%ﬂ%ﬁ%fﬂ&ggﬂéaﬁﬂ.
OMR (300 MHz, CDCly):6 7.49 (d, J=5.1Hz,2H).7.03(d,J=5.0Hz,2H),2.58(t,J=7.6Hz,4H) 1.64-

1.53(m,4H),1.33—1.18(m,20H),0.86(t,J=6.le,6H)ppm;BCNMR(600MHZ,CDClg)26 146.2, 134.7, 129.5, 129.2,

128.9, 120.3, 31.8, 30.4, 29.3, 29.2, 29.2, 29.1, 22.6, 14.1 ppm; IR  v,xincm
l(inCHClg)22926,2856,1543,1512,1461,1093,723,675,668;ESI—M82563[M+H+]+.

33HE(13)

3,3''-g=2d-[2,2':5',2"'-E|E¥ 2 #H]-3',4'-t]o}%1(3,3"' '-dioctyl-[2,2':5",2"' '~terthiophene]-3' ,4'-
diamine, 13)

3EE 12 (3.03 g, 5.4 mmol)E, HCl/olere E3-E(24 mlL/35 mL) oAl matsar, ofo]2 Hj2 oA @Bz}
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Hag., ®(11) E2&el= tslo]l=d o] E(Tin(II) chloride dehydrate, 40 g, 177 mmol)+, 25 T2 X9
A FAEES Ao HAEJr. whgEo] W) mwkE o]%el, pH7F 4 M KOHO. 2 10744 XA, &
2, g opHelEo R FEHAUT. H71FS, i YEFOR Fio] AAFEL, A ARnEIHF(70%

o] ole oM ElolE) o2 AAlste] A o (1.96 g, 72%)9] YIe IJHES IS

KX
=

1% ]

'HONVR (300 MHz, CDCIy): 6 7.29 (d, J=5.3Hz,2H),6.99(d,J=5.1Hz,2H),3.35(s,4H),2.62(t,J=7.7Hz 4H),1.65-
1.52(m, 4H),1.37-1.15(m, 20H),0.87(t ,J=6.5,61)ppm; CNMR(600MHz,CDCI1;): 6 142.33, 134.57, 129.28, 127.88,
125.29, 109.01, 31.88, 30.81, 29.45, 29.39, 29.25, 28.94, 22.65, 14.08 ppm; IR Vumincm
"(inCHCL,) :3413,3325, 2922, 2852, 1613, 1572, 1496, 1451, 904, 829, 725, 648 ESI-NS: 503 [M+H 1 "

3E(14)

5,7-H]1 2 (3-2dE| 2 #W-2-9)-2,3-t]H dE 9| =[3,4-b] H &} R (5, 7-bis(8-octyl thiophen-2-y1)-2,3-
diphenylthieno[3,4-blpyrazine, 14)

s}3HE 13 (1.85 g, 3.7 mmol)o] o &k2(65 mL) We] ¥l (benzyl, 0.85 g, 4.0 mmol) &Mool 715, ¥hA|
SGREAT. fAE A TEE FF5H1, Ay AZeEIHIEA U] 10% d ol EHeIE)d o] A
Aol B 3A (2.32 g, 92%9)9] Y3te IFHES IS5

_rﬂi,%

—

H NMR (300 MHz, CDCly):8  7.50  (m, 4H), 7.41-7.29 (m, 8H), 7.03  (d,
J=5.1Hz,2H),2.97(t,J=7.7Hz,4H),1.81-1.68(m, 4H) ,1.43-
1.14(m,20H),0.86(t , J=6.5Hz, 6H)ppm;  CNMR(600MHz,CDC13): 6 152.3, 141.0, 139.1, 137.7, 134.8, 130.0,
129.5, 128.8, 127.9, 126.8, 125.3, 31.9, 30.4, 30.3, 29.7, 29.5, 29.3, 22.7, 14.1ppm; IR V incm
"(inKBr) :3083,3060,2951,1577, 1511, 1246, 1209, 713, 694, 640; EST-NS: 678 [M+H 1.

3}3HE(15)

5,7-9]|2(5-H2 R-3-SHE 2 9-2-YU)-2,3-t] ¥ dE| o] = [3,4-b] | &} (5, 7-bis (5-bromo-3-octyl thiophen-2-
y1)-2,3-diphenylthienol3,4-blpyrazine, 15)

NBS (1.14 g, 6.4 mmol)o] FEEF/EYZTFLZMNEA14 nL; 1:1 v/v)o] EFE U9 & 14(1.97 g,

2.9 mmol)e] &Nell H7pHa, FFEE Hl& Ade AuelA g wutE g ke EEEE, olE opAlE

ﬂEii%ﬂ ,§VP4E3%14%%ZWﬁ¥ﬂ51f@ﬂﬂiﬂEZﬂl Ak vief 500 HE =R
gAEe], 258, o HepA aA(2.39 g, 98%) = sk s FS58H

1HNMR(SOOMHZ,CDClg)Z ) 7.55 (d, J=6.2Hz,4H),7.39-7.30(m,6H),6.98(s,2H),2.91(t,J=7.7Hz ,4H),1.78-

1.66([11,41‘]),1.45‘1.18([H,20H),0.87(t,J:6.7HZ,6H)DDIH;13CNMR(6OOMHZ,CDC13): 6 152.79, 141.14, 138.80,
137.65, 132.14, 130.07, 129.62, 129.06, 128.10, 124.24, 114.44, 31.87, 30.53, 30.06, 30.08, 29.73,
29.49, 29.29, 22.66, 14.08 ppm; IR vmaxincm_l(inKBr)13019,1215,905,753,726;ESI—MSZ835[M+H+]+.

AN FeH A

B 27 4o weh Azdeld AR AFBE olgste] FevE Axs,
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Ar

CaHn CgH1z

Ay s 0,

THF, K,CO4

+ Br-Ar—Br
Pd(0)(PPhy),

CaHs CsHy

AAld 1

8 (4-FE-N-(4-3,4-"UE=Z Eed-2-d)3d)-N-gdeld&A  (Poly(4-butyl-N-(4-(3,4~-dinitrothiophen-
2-y1)phenyl )-N-phenylaniline (PJK 1)

Q,

C4Hg

PIK1e] 2, 4-F"-NN-H[2(4-(4,4,5,5-H Eepv|E-1,3 2-t SAR 2 -2-) s d)obd#1(0.2 g, 0.37
mmol), 2,5-T/B2%-3 4-tJUEZE Q2 (0.12 g, 0.37 mmol), Pd(0)(PPh3)4(0.02g,0.017mmol), ™= aqueous 2 M
KoCO3(5mL)e] THE (15 mL)ol H7b=lck.  EFELS, 48-72 h &<t 85-90 ColA dAahA muks| ek, §ofo)
Feow Yy oo, ¥hg EFEL, wivhE/Hol24(10:1 v/v) o A7k E¥E W H7bskalv. aiAl
e oaEo] FHH A vgkeR AHEST. ad ZEve Yoy B S IFES AlAET] 916
A obAlES ARESEe] Soxhlet A E 24 h wF AHEAT. HIFHom, vl FEEIF U &iHu
27V WEeR HAFER AFE (112 mg, 61%). 1HNMR(6OOMHZ CDC13): 67.42-7.38(m,4H) ,7.22-
7.09(m,8H),2.63(t,J=7.5,2H),1.66-1.60(m,2H),1.43-1.35(m,2H),0.96(t,J=7.24,3H)ppm.

AAe 2

EZ7(4-5FE-N-(4-(9,9-0d-9H-EF 2 d-2-) | d)-N-sdo}dd (Poly(4-butyl-N-(4-(9,9-dioctyl-9H-
fluoren—2-y1)phenyl)-N-phenylaniline, (PJK2))

PJK2¢] 2,  4-FE-NN-H]2(4-(4,4,5,5-H EgtrE-1,3, 2-H SA R 2 e-2-2) sl d)obd =1(0.2 g, 0.37
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mmol), 2,7-fE2X-9 9-t]2E-9-ZFZ2#(0.2 g, 0.37 mmol), Pd(0)(PPh3),(0.02g,0.017mmol ), THF(15mL )%

M KoCOs(BmL) 2 A}&3ke] RA&E YT, 48 (140 mg, 56%). 1HNMR(600MHz,(:[)(:13):67.76—7.72(m,2H),7.60—

7.54(m,8H),7.24-7.19(m,4H),7.15-7.11(m,4H) ,2.64-2.59(m,2H) ,2.60-1.92(br ,4H) ,1.66-1.60(m,2H) ,1.43-
1.37(m,2H),1.31-1.02(m, 16H),0.99-0.94(t,J=7.34,4H),0.83-0.77(m, 9H) ppm.

AAe] 3

28 (4-F4-N-(4-(2,3-d ¥ E ol =[3,4-b] H FA-5-U) Hd)-N-H Do} d = (Poly(4-butyl-N-(4-(2,3-
diphenylthienol[3,4-blpyrazin-5-yl)phenyl)-N-phenylaniline, PJK3)

C4Hy

PJK32] AL, 4-FE-N N-H]=(4-(4,4,5,5-8EgiE-1,3,2-0 AR 2d-2-A) A d)old = (0.2 g, 0.37
mmol), 5,7-0B2%-2,3-tddE o x=[3,4-b] 7 2}71(0.17 g, 0.37 mmol),
Pd(0)(PPh3)4(0.02g,0.017mmol ), THF(15mL) 2 2M  K,00,(5mL)&  AF&-3}9lt). (108 mg, 51%).

1HNMR(6OOMHZ,CDC13)I §8.23-8.17(m,4H),7.55-7.50(m,4H) ,7.36-7.27(m,6H) ,7.25-7.21(m,2H) ,7.18-
7.07(m,6H),2.64-2.57(m,2H),1.67-1.60(m,2H),1.43-1.37(m,2H),0.99(t,J=7.53, 3H)ppm.

A 4

Z28(4-FE-N-(4-(4-5E-5-(7-(3-SEH 3-2-9)-2,3-HH dE o] =[3,4-b] H A -5-L) E] .3-3-L) ¥ D )-
N-#do}d A (Poly(4-butyl-N-(4-(4-octyl-5-(7-(3-octyl thiophen-2-y1)-2,3-diphenyl thienol[3,4-blpyrazin-
5-yl)thiophen—3-yl )phenyl)-N-phenylaniline, PJK4)

CyHy

PJK49] AL, 4-FE-NN-H]2(4-(4,4,5,5-EHEZHE-1,3,2-UFALR 2 H-2-A) A d)otd U (0.2 g, 0.37
mmol ), 5,7-H| 2= (5-HE2R-3-SHE e 3-2-9)-2 3-t o dE | =[3,4-b]F2}X1(0.31 g, 0,37  mmol),
Pd(0) (PPh3),(0.02g,0.017mmol ), THF (15mL) 2 2M K,CO5(5mL)S AF&3le] RP=Act.  F& (184 mg, 52%).

1HNMR(6OOMHZ,CDC13)I §7.63-7.53(m,8H),7.37-7.29(m.6H) ,7.21-7.09(m, 10H) ,3.03-2.97(m,4H) , 2. 64~
2.58(m,2H),1.84-1.16(m,28H),0.99-0.79(m, 9H)ppm.

=

%/\

(1) GPC &4

Zyn o i Ex}F(number-average molecular weight, Mn), =% o A} (weight-average molecular
weight, M)% T2 (polydispersity index)+, THF (HPLC grade, Aldrich) €2 €9 2 "Waters model

2690 instrument"Z ©]-&3&F= GPC(gel permeation chromatography, "Waters model 2690")E o]&3dto] =A%)
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[0251]

[0252]

[0253]

[0254]
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[0257]
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=
(2) €84
ZYH e AL, TGA(Thermogravimetric analyses, Mettler Toledo AF)+=, 50 mL/min®] A E$7]oA 20

[e=]
C/min & $22 SA5] & 19 JeEpiid.

1
%"E] ‘:'1 Mn Mw PDI Tdec
@)
PJK1 5419 12398 2.3 288
PJK2 4743 15021 3.1 467
PJK3 2618 4210 1.6 502
PJK4 5312 21590 4.0 460

E 1S AYEd, AAd 1 WA A 4o o&] Axd ZEZWE, 2600 WA 5400 Z 4200 WA 21,6002
M, 2 ME e gla, daAodlA e E S WERE, 400 T7HA 5 %] A HAE HoFEr.
(3) AlolE8EE 22 (Cyclic voltammograms)

nt~3E o]&3te IT0 FHlo|ES] &4 ®WH Aol FAF I, A W3 (0.1 M TBABF,/F WE#d S22
o), FY AFow WMF fiad, VF AFOE Ag/Agt AT P FEEH AFom wF glojojE ¥ s A
=& o] g3, 18 T, 50 mV sflﬁﬂ 2AMEER Alo|FeEeE R O] =AY, I A3E=E & 2d e
o}.

% 28 Awmy, A6 19 PIKLE, +0.66 V ESHSA shte] sk Ash/Ed A%l HAst(=
24). Atk Alelut Eelsdobrl deld ool B4 S@ Aol -0.85 vl B TAAL vhel
k. Aol 29) PIR2E, 40,42 40,68 V SWAA 1] Jhelg Ao/ B AL depde e

t, 203 molo]

kel golus Egddoln| g ol29] Ao o3k Foja, F WA A3l Yeolr
Elo] Ab3lo] 7]¢lg Aolw, -0.58 V 3+ FEHIES HolF

Ao 39] PJK3E, +0.21 2 40.62 VS F /9 FElES HolE ®ulolygl -0.58 2 -0.90 Vo] F 719
4 ZAAS HFETH(E 2(0)). T, AAld 49 PIK4 = +0.32 2 +0.63°14 F ] Abst TRl S HolF
I, -0.55 @ -0.84 VoA 39 FElES B

wgh, Ag/Agt o ®lE] -1.1 ¥ +1.5 V Ato]9] AAJd| 19] PJK1S] CV gto] F=32(0.28 V)] 2Fike] o5 3
500 A}l o]Fo 20 %9 HFE W= A A Ao 29 PJK29] CV k% &= I = (+0.39 V)7} <
7F o]FEaL, 500 Ato]E o] Bol&Erh, Ao 39 PIK39 CV #t% %= 93 (+5 m
Vo] olF3} oF 30 %9 AF{F UE HAh Ao 49] PJKAE, %= A (+15 mV) 9 A9 20

%] AHUE 408 wE

Nt

@
2
s
)
P
M
N}
S

Lo
N
P>
2

ol AF "= U dAe] olee, atdl HACAM FheH ol F= 4
(insertion)ol &g HAE Eev AFolA A7|@dstd AR WY E= IF G749 Wstel 791 Ae=
o et

(4) FARAEAR (A7 EF5A)

ITO(Indium tin oxide)-FZHW ¥ 8 &EZ}o]=(AE: surface resistivity: 8-12 Q/sq, 25 mm x 25 mm x 1.1
mm, Sigma-Aldrich) “go =¥ 2 | AAlel 1 WA 49 Z2w 5 mg/ml)o] FEAFE ] AN A
= 25 FA4T olFel, Edn A" Tl A HdaE(0.1 M TBABF,/F wWE=dl E=2ko]=, Beaupre S,
Dumas J, Leclerc M. Toward the development of new textile/plastic electrochromic cells using
triphenylamine-based copolymers. Chem Mater 2006;18:4011-8)& &A3lx, ttE 10 AFL FAsle] AL
Aetn, fel 2oz nAsdth theow, d%A dow £45 293, Az LA % 3o
YER AT
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A 1 WA 42 AzE 23] 0.0 WA 2.8 VIDC AYS 7ste] Mwists

rH

bate] & odel] yERYITE

A71E33EA (Spectroelectrochemical data)2, DC A2 “Instek model GPS-3303
o SAHJA, FF A7|EF ~FEHL & 53 YA = 5do YERNAT

PIKIE ©@lx Aol tha a@ow WAEs, A 29 PIK2E, 4 wghal

4% Asuw, 4Ad 19 Al
AN Few mebeow WAE, AAd 39 PIK3:, ¥ BRI Z#elz WAEn], AAd 49 P4,
oA EFY agog wAE Ao Ik 4 ity md, Al 1 WX AAd 49 ZEW IE A
& A 2Aspl AuslEe AL FAE + 9

= SaE AR, AAld 19 PIKI=, 0.0 VAl 2714 Aojuf, = 5914 438 mmell A A FE vehiv,
°of ¥4 M= Agke] <dvbel mel A3, 580 A M2 F5 I27F AL, NIRGS 900 nm ©]
doz A%Hm, Ak A7k Al AAle] 19] Pl 2@ ew WstEh. 7] M2 5 WEE, 2 VellA
o B2 FHAFE dea, olFdl asn, PIK1dl ok AAWMA Ao Mo Fev AFelA wUsA @

& 22011, 1.5 V7HA] o 598 mne] F+E et DC AY
I, R &5 3} 680 WA 900 nm G HellA veRH | PIK3E

T 508 AHRW, AAd 49 PJK4E, 0.0 VoA 2@AL JehH, o] Ho 655 mme] o] #E W)
Aol 7t upgl, = I A7F 700 nmoll Al A]ZFSEe] NIR 99391 900 nm o] 4o =2 0474&]“% PIK4= EFH

2 oo 8ol Fa, -3 719 AAEA EAS 2t Efddelyl dgE 2 EudoluA £
HE Az, oy3t ZHE s sk s PAste A 9 Ak AElel wel -3k 71
AWIE ZH= AAMA A2E AT 5 9 T, 2 age] Egmdolyl sEE 9 Eddelvi &
=, o] §-ske] AAWA Az} o 7t AAEA EAS o] &35l tdd AE] H8E 4 9l
I, odE S, AEA FE(conductive textile) 5o A&= 4 r}.

=g

R=2u

N

%lOb

—20
................... 30 10

\grma

7
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