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oh. 283l 92 29 wh2& THR(tetrahydrofuran)® H,09] E3g oA 349 5+ 9t}.
[0156] slahal 249 sl3tEo] 314 289 SFHEQ] A9, SFsha 289 3RHE whEA 49) o] 3EhA] 299 3RHE
3} g}ea 309 SFFES HHSAIA AT 4
[0157] <3}8t4] 28>
R,
™
AN
|
[0158] N™ “Br
[0159] sleha] 289] Ry A, ©AaF 1 UlA 209 42 EE wAS 1 UlR] 209 EL Aot
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R,
PO(OEt),
OHC + Potassium t—butoxide NS
R, = dry-THF
| X
NZ>Br |
N Br
<alefA{29> <33HAI30> <zlstal2g>

32 49] ¥kE-& potassium t-butoxideE A H7bete] FaqT 4 vk, 2 wHE2] 49 7RG THFO A
s4d 4 Ak,

o}
shela) 240] shghmol Fh4 310 HHE A9, HHy 319 AL WA 59 o] et 320] A
o

Ll A
3 seha) s00] SHEHEe WeAA Ax 5 vk

<514 31>

3lsha 319 RiE S, B4 1 WA 209 974 = BAh5 1 WA 209 A8 Aol

R.
S
PO(OEY), 7
ﬂ\ + Potassium t—butoxide
Ry —Ng-~CHO | dry-THF
7 AN
N Br |
P
N Br
<&}stA{32> <5}5HAl30> <&lsrAlg]>

A 1: JK-85(3 3t 129] F{HE)o A=
JK-859] AZGAS & 19 YeERSTH

1) 2-bromo—4-(5-hexylthiophen-2-yl)pyridine, F7tA 3FE 1-1 A4

2-bromo-4-iodopyridine(651  mg, 2.3 mmol), 2-(5-hexylthiophen-2-y1)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane(677 mg, 2.3 mmol), Pd(PPh3).(133 mg, 5 mol%) % Na,C03;(244 mg, 2.3 mmol)E THF(30ml)$}

H,0(20 ml) &del &3A]7]aL 15 AF B¢k FFAFHG. 283 ggsted & FLEAZ =, 1,050 ml)<}
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methylene chloride(50 ml)S 7}t tt. F71%(organic layer)S E88}al, MgSO,E AXAIZ 3, AA St

=8 3F¥, 2-bromo-4-(5-hexylthiophen-2-yl)pyridineE 8& 4 YA, F&2 70 %ol A},

I NMR (CDC13): 8.25 (d, 1H, J = 5.1 Hz), 7.58 (s, 1H), 7.34-7.30 (m, 2H), 6.79 (d, 1H, J = 3.9 Hz),

2.82 (t, 2H, J = 7.4 Hz), 1.66 (qu, 2H, J = 7.4 Hz), 1.32 (m, 6H), 0.89(t, 3H, J = 6.6 Hz).

“CNIR (CDCl3): 150.5, 148.3, 147.8, 140.7, 139.1, 125.8, 124.3, 123.3, 117.8, 31.8, 31.6, 30.4, 28.5,
22.8, 14.5.

2) N-hexyl-4,4'-di(5-hexylthiophen-2-y1)-2,2'-dipyridylamine, =Ztd] & 1-2 T4

2-bromo-4-(5-hexylthiophen-2-yl)pyridine 1-1 (550 mg, 1.7 mmol), hexylamine(0.1 mL, 0.8 mmol),
DPPP(1,3-bis(diphenylphosphanyl)propane) (27 mg, 0.07 mmol),
Pd,(dba)s(dipalladiumtris(benzylideneacetone))(30 mg, 0.033 mmol) % sodium t-butoxide(220 mg, 2.3

mmol)S AALEH7|NA E3t & =go] EF(dry toluene)(50 mL)S H7}3kar, 80 TolA 24 A|zF =<t
AolFEdeh, g 7Zgsle] &nE 2UA7 & H,0(50 ml) 9} methylene chloride(50 ml)E H7Fskdch. &

71%(organic layer)S ®&slal, MgSO,E  AXAZ ., AAS g8,  N-hexyl-4,4'-di(5-

hexylthiophen-2-y1)-2,2'-dipyridylamined €2 < AJT. & 52 %] }.

I NMR (CDC13): 8.31 (d, 2H, J = 5.7 Hz), 7.30 (s, 2H), 7.23 (d, 2H, J = 3.9 Hz), 7.02 (d, 2H, J = 5.7
Hz), 6.74 (d, 2H, J = 3.0 Hz), 4.24 (¢, 2H, J = 7.5 Hz), 2.80 (t, 4H, J = 7.7 Hz), 1.69 (m, 6H), 1.32
(m, 18H), 0.89(m, 9H).

“CNIR (CDCl3): 158.3, 148.9, 148.0, 143.0, 139.0, 125.4, 124.9, 113.5, 110.4, 48.6, 31.8, 31.6, 31.5,
30.4, 28.8, 28.5, 26.8, 22.8, 22.6, 14.1.

3) JK-85(cis-bis(thiocyanato)-(2,2'-bipyridyl-4,4'-dicarboxylato)[{N-hexyl-4,4'-di(5-hexylthiophen-2-
y1)}-2,2'-dipyridylamine]ruthenium( II )di (tetrabutylammonium) 2] &3

N-hexyl-4,4'-di(5-hexylthiophen-2-y1)-2,2'-dipyridylamine 1-2 (90 mg, 0.153 mmol)¥} dichloro(p-
cymene)ruthenium( II )dimmer (46 mg, 0.077 mmol) <& DMF(15 mL)oll ¥ar 70 ColA 47 <k A5
o}, ALK o7 2 2'-bipyridine-4,4'-dicarboxylic acid(37 mg, 0.153 mmol)S #7}staL, 160 ColA 4 Azt
e AolF vk, 1¥ Al NLNCS(116 mg, 1.53 mmol)& H7Fskir, 140 ColA]l 4 AZE §<¢F whgo] dojues

A% I8 F, 4202 AT, ARG $AE FLARD. T BE WA AAHa AR
T, AN AXAAY. AzE BAS GASHE, oA J-6F 2 & Ak, FHE 30 sl A

I NR (CDOD): 9.56 (d, 1H), 8.96 (d, 1H), 8.85 (s, 1H), 8.78 (s, 1H), 8.29 (d, 1H), 8.16 (d, 1H),

7.74 (m, 3H), 7.53 (m, 2H), 7.42 (d, 1H), 7.15 (s, 1H), 6.94 (m, 2H), 6.80 (d, 1H), 4.21 (t, 1H), 3.78
(t, 1), 2.90 (t, 2H), 2.79 (t, 2H), 1.64 (m, 22H), 1.36 (m, 50H), 0.98 (m, 24H), 0.86 (m, 9H).

AA 2: JK-86(3}8H4] 139] 3131E)2] A X
JK-869] AZGAS & 20| YEFSTH

1) 2-bromo-4-(2-hexylthieno[3,2-blthiophen-5-y1)pyridine, F7tA 33E 2-1 A

2-bromo-4-iodopyridine(405 mg, 1.43 mmol), 2-(2-hexylthieno[3,2-b]thiophen-5-yl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane(500 mg, 1.43 mmol), Pd(PPh3),;(83 mg, 5 mol%) = Na,C0;(152 mg, 2.3 mmol)S THF(30m

Dot H0(20 ml) &9l &aA]7]aL 10 AIZF &<t SFAIZT. 28]a 7ekete] &vls LA F, HO0(50
ml) e} methylene chloride(50 ml)& #H7}eF3ith. 715 (organic layer)S #83haL, MgSO,2 A=A &, A

Askar B2)8HH, 2-bromo-4-(2-hexylthieno[3,2-blthiophen-5-yl)pyridineS 9L + AUAT}. FE&

Atk

2

()]

%°]
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' NR (CDCly): 8.19 (d, 2H, J = 5.1 Hz), 6.84 (s, 2H), 6.67 (d, 2H, J = 5.1 Hz), 4.10 (t, 2H, J =
7.5, 7.8 Hz), 2.54 (s, 6H), 1.66 (m, 2H), 1.29 (m, 6H), 0.85(t, 3H, J = 5.1 Hz).

BC MR (CDCl): 158.5, 148.8. 147.6. 146.0, 139.6, 128.1, 126.0, 124.9, 124.8, 113.6, 112.5. 48.8,

31.8, 31.7, 31.6, 30.6, 28.9, 28.8, 28.6, 26.9, 22.8, 22.7, 14.2.

2) N-hexyl-4,4'-di(5-hexylthieno(3,2-b)thiophen)-2,2'-dipyridylamine, =74 3}g% 2-2 A
2-bromo-4-(2-hexylthieno[3,2-b]thiophen-5-yl)pyridine 2-1 (550 mg, 1.7 mmol), hexylamine(0.1 mL, 0.8
mmol), DPPP(27 mg, 0.07 mmol), Pd,(dba);(30 mg, 0.033 mmol) 2 sodium t-butoxide(220 mg, 2.3 mmol)< &

ot 5, =gho] ER(dry toluene)(50 mL)S H7letar, 80 TolA 24 AR Bk Ao},
= o, H,0(50 ml)9} methylene chloride(50 ml)E #7133 th. +7]%(organic

layer)S E#slal, MgSO,E AXAZ &, AAst  EashH, N-hexyl-4,4'-di(5-hexylthieno[3,2-

[
Ach
&
ol
A
ol
2 rlot
o0 (ot
=2
il
om
1
T
>
ﬁi
{d

blthiophen)-2,2'-dipyridylamines €& 4 AATF. F&2 56 %] T}.

'H NMR (CDCly): 8.34 (d, 2H, J =4.8 Hz ), 7.51 (s, 2H), 7.36 (s, 2H), 7.07 (d, 2H, J = 3.9 Hz), 6.90
(s. 2H), 4.25 (¢, 2H, J = 6.6 Hz), 2.86 (t. 41, J = 6.8 Hz), 1.72 (m. 6H), 1.33 (m, 18H), 0.90 (m,
6H) .

“C MR (CDCly): 158.3, 150.2, 149.0, 143.3. 141.5, 139.4, 138.1, 117.5. 116.5. 113.5, 110.4, 48.07,
31.8, 31.6, 31.5, 31.3, 28.8, 28.5, 26.9, 22.8, 22.7. 14.2.

3) JK-86(cis—bis(thiocyanato)-(2,2'-bipyridyl-4,4'-dicarboxylato) [{4,4'-di(5-hexylthieno(3,2-
b)thiophen)}-2,2'-dipyridylamine]ruthenium( II )di (tetrabutylammonium) 2] ¥4

N-hexyl-4,4'-di(5-hexylthieno[3,2-b]thiophen)-2,2'-dipyridylamine 2-2 (90 mg, 0.153  mmol)}
dichloro(p-cymene)ruthenium( I )dimmer (46 mg, 0.077 mmol) &3H&ES DMF(15 mL)oll €3l 70 TolA 4A13F &
oF AoJFt. d&H o= 2 2'-bipyridine—4,4'-dicarboxylic acid(37 mg, 0.153 mmol)S #7}slaL, 160 C
ol A 4 AZF FoF Ao} e, 1ela NHNCS(116 mg, 1.53 mmol)S H7F8lar, 140 ColA 4 Azt 5k uk-g-ol

Jolux= gt 18 F, Aeom YA, 7gste] gnE ‘é1ﬂﬂ.1ﬂ¢~%§%bﬁw4ﬂﬂa
I AFE 3 AFol AZAZY. dzxE EAS AAste, o3std JE-86S IS 5 AJT. FELE 27 %
ol T},

' NIR (CDOD): 9.56 (d, 1H), 8.97 (d, 1H), 8.85 (s, 1H), 8.78 (s, 1H), 8.28 (d, 1H), 8.16 (d, 1H),

8.05 (s, 1H), 7.76 (m, 3H), 7.60 (s, 1H), 7.38 (d, 1H), 7.21 (d, 1H), 7.06 (s, 1H), 6.96 (s, 1H), 6.88
(d, 1H), 4.26 (t, 1H), 3.80 (t, 1H), 2.81 (m, 4H), 1.60 (m, 22H), 1.34-1.21 (m, 50H), 0.94 (m, 24H),
0.81 (m, 9H).

AAd 3: JK-104(3}sH2] 149] E3HE) 9 A=F
JK-1049] AZTAS & 39 e

1) N-hexyl-4,4'-dimethyl-2,2'-dipyridylamine, &7t 3IE 3-1 IA
2-bromo—-4-methylpyridine(2.0 g, 11.62 mmol), hexylamine(580 mg, 5.8 mmol), DPPP(191 mg, 0.47 mmol)
Pd,(dba);(212 mg, 0.23 mmol) ! sodium t-butoxide(1.56 g, 16.27 mmol)=S HAAEH7]oA &3 & =glo]

EF<el(dry toluene)(50 mL)S #H7}skar, 80 TolAl 21 Az &9t A=At a8 Fgste] &wlE T4
21 3, H0(50 ml)9} methylene chloride(100 ml)E #H7Fstitt. 715 (organic layer)S +23laL, MgSO,=

Al Z ) AAE L BEadH, N-hexyl-4,4'-dimethyl-2,2'-dipyridylamines 9<& & YA, & 75 %

I NIR (CDC13): 8.19 (d, 2H, J = 5.1 Hz), 6.84 (s, 2H), 6.67 (d, 2H, J = 5.1 Hz), 4.10 (¢, 2H, J =
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7.5, 7.8 Hz), 2.54 (s, 6H), 1.66 (m, 2H), 1.29 (m, 6H), 0.85(t, 3H, J = 5.1 Hz).

BC MR (CDCl): 158.5, 148.8. 147.6. 146.0, 139.6, 128.1, 126.0, 124.9, 124.8, 113.6, 112.5. 48.8,
31.8, 31.7, 31.6, 30.6, 28.9, 28.8, 28.6, 26.9, 22.8, 22.7. 14.2.
2) N-hexyl-4,4'-dihexyl-2,2'-dipyridylamine, 7+ &S 3-2 A

THF(15 mL)oll &&l¥o] ¢+ N-hexyl-4,4'-dimethyl-2,2'-dipyridylamine 3-1 (0.5 g, 1.76 mmol)<&

LDA(lithium diisopropylamide)oll Z7}&tar A2 1 AlZF FeF Ao]FAh. o] E3Eo] THF(10 mL)o] &3l

=] o] %%meleMﬁﬂQm 2.11 mmo)E FH7FskaL 1 AF <k Aok, aglar 7gste] s

ZHA1 7] & H0(50 ml)¢} methylene chloride(100 ml)E 7}ttt H71%(organic layer)S glstaL,
Az

MgSO,2 AZRAZ & AA stz E2]5hH, N-hexyl-4,4'-dihexyl-2,2'- dipyridylamines 9& F At =&
2 75 %0 AT}

1H NMR (CDCl3): 8.21 (d, 2H, J = 5.4 Hz), 6.85 (s, 2H), 6.67 (d, 2H, J = 3.6 Hz), 4.11 (t, 2H, J =
6.9, 7.2 Hz), 2.49 (t, 4H, J =7.5, 7.2 Hz), 1.65 (m, 2H), 1.56 (m, 4H), 1.27 (m, 18H), 0.85(m, 9H).

13C NMR (CDCls): 158.1, 152.9, 148.2, 117.6, 114.8, 77.4, 48.6, 35.6, 31.8, 31.7, 30.4, 29.0, 28.6,
26.9, 22.8, 22.7, 14.2.
3) JK-1049] 34

N-hexyl-4,4'-dihexyl-2,2'-dipyridylamine 3-2 (120 mg, 0.283 mmol ) @} dichloro(p-
cymene)ruthenium( II )dimmer (88 mg, 0.142 mmol) &3E-S8 DMF(15 mL)ol ¥iL 70 TollA 4A1ZF &k A5
o}, d&x o2 2 2'-bipyridine—4,4'-dicarboxylic acid(70 mg, 0.283 mmol)<S H7}slar, 160 CeolA 4 A7+
EQF Ao]Fork. 1e]al NLNCS(215 mg, 2.83 mmol)& Z7Febal, 140 CellAl 4 AZF F3F wkgo] dojupre s
ﬂﬁq. di§ Ao WZhA7aL, st §wlE SHAIZT. g B8 FHUleke]l ofdstal AlA g
5, AFeA AxART. Az =45 FASL, o3t JK-1045 €& F AT FE2 60 bol ATt

' NIR (CDsOD): 9.54 (d, 1H, J = 5.4 Hz), 8.90 (d, 1H, J = 6.0 Hz), 8.84 (s, 1H), 8.77 (s, 1H), 8.24

(d, 1M, J = 5.4 Hz), 8.15 (d, 1H, J = 5.7 Hz), 7.75 (m, 2H), 7.45 (m, 3H), 7.13 (d, 1H, J = 3.3 Hz),
7.07 (s, 1), 7.04-6.90 (m, 4H), 6.78 (d, 1, J = 3.6 Hz), 6.71 (d, 1H, J = 5.1 Hz), 6.64 (d, 1H, J =
16.5 Hz), 4.18 (t, 1D, 3.72 (t, 1D, 3.22 (t, 16H), 2.84 (t, 20), 2.79 (¢, 2H), 1.63 (m, 22H), 1.35
(m, 34H), 0.98 (m, 24H), 0.87 (m, 9H).

AAd 4: JK-95(3}8H4] 159 F3HE)] A=
JK-95¢] AXGAE = 40 YRS

1) 2-(4-bromophenyl)-5,5"'-dimethyl-1,3-dioxane, E3tA| 3FE 4-1 FA

4-bromobenzaldehyde(2.0 g, 10.8 mmol), neopentylglycol(1.7 g, 16.2 mmol)3} p—toluenesulfonic ac1d(410
mg, 0.2 equiv)E WlAl(benzene)ol &3l|A171aL 7 AIZF &< #FsIATE. 28] Fgste] SulE FEAZ £
H,0(50 ml)9} methylene chloride(50 ml)E H7F8FATh. 715 (organic layer)& &dta, MgSO,= AZAIZ]

AT &2 90 %ol ATt

T, AAE 2 E]slA, 2-(4-bromophenyl)-5,5'-dimethyl-1,3-dioxanes €&

22

I NIR (CDCl3):  7.50 (d, 2H, J = 8.1 Hz), 7.38 (d, 2H, J = 8.7 Hz), 5.35 (s, 1H), 3.76 (d, 2H, J =
11.1 Hz), 3.63 (d, 2H, J = 11.1 Hz), 1.28 (s, 3H), 0.80(s, 3H).

PC NMR (CDCls): 137.7. 131.5, 128.1, 123.0, 101.1, 77.8, 48.3, 30.3, 23.1, 22.0.

2) 5,5'-dimethyl-2-(4-hexylphenyl)-1,3-dioxane, T3t IFE 4-2 YA

A 9719 -78 TolA THF(50 mL)o] 2-(4-bromophenyl)-5,5'-dimethyl-1,3-dioxane 4-1 (1.0 g, 3.7
mmol)o] A eIA 9le &Mo n-BuLi(1.6 M(Erie &b, 2.8 mL, 4.4 mmol)& FH7Fskal 30 & 5 Ao+
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1-bromohexane(0.56 mlL, 4.0 mmol)<S 78l 4 A7+ FoF AojFr). agla 7Heksle] {u)E
A=)

al
T HO0(50 ml)eF methylene chloride(50 ml)E H7}8tdtt. 715 (organic layer)<

1H NMR (CDClz): 7.41 (d, 2H, J = 8.1 Hz), 7.18 (d, 2H, J = 8.4 Hz), 5.37 (s, 1), 3.77 (d, 2H, J =
11.1 Hz), 3.64 (d, 2H, J = 11.1 Hz), 2.60 (t, 2H, J = 7.7 Hz), 1.58 (m, 2H), 1.30-1.27 (m, 9H), 0.88
(t, 3H, J = 6.6 Hz), 0.80(s, 3H).

13C NMR (CDCls): 143.8, 136.0, 128.5, 126.1, 102.0, 77.8, 48.2, 35.9, 31.9, 31.5, 30.4, 29.0, 23.2,
22.7, 22.0, 14.2.

3) 4-hexylbenzaldehyde, =7t & 4-3 FA

THF (25 mL) <} H0(10 mL)ol =ollE 5,5'-dimethyl-2-(4-hexylphenyl)-1,3-dioxane 4-2 (640 mg, 2.3 mmol)oll

TFA(trifluoroacetic acid)(0.65 mL)S FH7Fstar, A0 4 A7F FoF AojFEdet. gl 74stsle] &qj=

Z2A171 5 H,0(50 ml)9F methylene chloride(50 ml)E H7Fstth. f7]%(organic layer)S ¥&|3}aL,

MgSO,2 AZXAIZ & AAsta 22)slH, 4-hexylbenzaldehyded S 4 AATh. F+HE 87 %o|UT}.

ol

I NMR (CDCl3): 9.97 (s, 1H), 7.81 (d, 2H, J = 8.1 Hz), 7.34 (d, 2H, J = 8.1 Hz), 2.68 (¢, 2H, J = 7.7

Hz), 1.63 (qu, 2H, J =7.6 Hz), 1.43-1.29 (m, 6H), 0.90(m, 3H).

PCONMR (CDCLy): 192.2, 150.6, 134.5, 130.0, 129.2, 36.4, 31.8, 31.2, 29.1, 22.5, 14.1.

4) 2-bromo—4-[4-(hexyl)styryllpyridine, S J}FE 4-4 FA

4-hexylbenzaldehyde 4-4 (310 mg, 1.62 mmol), diethyl(2-bromopyridin-4-yl)methylphosphonate (500 mg,
1.62 mmol) E potassium t-butoxide(289 mg, 2.6 mmol)<S THFel] &afA]|7]az, 1 A|ZF Bt o], 28x

7etsle] &ulE A7l 3 H0(50 ml)9 methylene chloride(50 ml)E H7bsldth. 47]%&(organic laye
1S E83ta2, MgSO,= AZXAI 3, AAsta Fe3td, 2-bromo—4-[4-(hexyl)styryl]lpyridines €5 4+
Aok, &S 90 %o},

" ONMR (CDCly): 8.29 (d, 1H, J = 4.8 Hz), 7.54 (s, 1H), 7.44 (d, 2H, J = 8.1 Hz), 7.30-7.19 (m, 4H),
6.89 (d, 1H, J = 16.2 Hz), 2.63 (t, 2H, J = 8.1 Hz), 1.67-1.59 (m, 2H), 1.42-1.25 (m, 6H), 0.91(t, 3H,
J =7.5Hz).

PCONR (CDCls): 150.4, 148.0, 144.6, 143.0, 134.8, 133.2, 129.1, 127.3, 124.9, 123.5, 119.9, 35.8,
33.6, 31.8, 29.1, 22.5, 14.1.

5) N-hexyl-4,4'-di(4-hexylstyryl)-2,2'-dipyridylamine, =34 33= 4-5 A

2-bromo-4-[4-(hexyl)styryl]lpyridine 4-4 (340 mg, 1.0 mmol), hexylamine(50 mg, 0.5 mmol), DPPP(15 mg,
0.035 mmol), Pdy(dba)s(20 mg, 0.022 mmol) % sodium t-butoxide(120 g, 1.3 mmol)S HALFH7]o|A &3tst
%, =gto] 54 (dry toluene)(35 mL)S H7Fsta, 80 TolA 13 A7 &< Hol=ddet. 28] 7<she]
71 %, H0(50 ml)9} methylene chloride(100 ml)Z 7}t tt. 715 (organic layer)S ¢

=

op

ol
ol

KeN
=

AL, MgSO= AZRAZ 3, AA st Fe35tH, N-hexyl-4,4'-di(4-hexylstyryl)-2,2'-dipyridylamine

T AAqT. FES 55 bol A

I NIR (CDC13): 8.32 (d, 2H, J = 5.1 Hz), 7.41 (d, 4H, J = 8.1 Hz), 7.19 (d, 2H, J = 16.2 Hz), 7.16

(d, 41, J = 7.8 Hz), 7.11 (s, 2H), 7.01 (d, 2H, J = 5.4 Hz), 6.90 (d, 2H, J = 16.2 Hz), 4.20 (t, 2H, J
=7.2Hz), 2.60 (t, 4H, J = 7.8 Hz), 1.73 (m, 2H), 1.60 (m, 4H), 1.30-1.23 (m, 18H), 0.88 (m, 9H).
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“CNIR (CDCl3): 158.5, 148.7, 146.3, 143.9, 133.9, 132.7, 129.0, 127.1, 125.8, 113.9, 112.8, 53.6,
48.8, 35.9, 33.6, 31.8, 31.5, 28.6, 26.9, 22.8, 22.7, 14.2, 14.1.
3) JK-959 ¥4

N-hexyl-4,4'-di(4-hexylstyryl)-2,2'-dipyridylamine 4-5 (105 mg, 0.167 mmol)¥}  dichloro(p-
cymene)ruthenium( I )dimmer (51 mg, 0.084 mmol) =& DNF(15 mL)oll Wil 70 TCellAl 4A1ZF St Ao+
o}, ALEH o2, 2,2'bipyridine-4,4'-dicarboxylic acid(41 mg, 0.167 mmol)& #7}staL, 160 TolA 4 Az
e AolFoArk. 1E A NLNCS(127 mg, 1.67 mmol)S H7Fskir, 140 CTolA]l 4 AZF §<¢b whgo] dojues

sty 29 %, Aeom WAL, sl SulE FUAZT 2en B¢ Arbele]l ofueta A @
F, ATl AxAZ, Ax8 242 AASL, e K-95% D& 5 ATk, FEE 60 %ol
1H NMR (CDsOD): 9.55 (d, 1H, J = 5.1 Hz), 8.94 (d, 1H, J = 6.0 Hz), 8.85 (s, 1H), 8.78 (s, 1H), 8.27

(d, 1H, J = 6.0 Hz), 8.16 (d, 1H, J = 5.4 Hz), 7.75 (d, 11, J = 4.8 Hz), 7.67-7.14 (m, 15H), 7.01 (d,
2H, J = 16.2 Hz), 4.21 (m, 2H), 3.21 (t, 16H), 2.61 (m, 4H), 1.64 (m, 22H), 1.36 (m, 34H), 0.98 (m,
24H), 0.86 (m, 9H).

AA 5: JK-99(3}8H4] 169] 3131E)e] A X
JK-999] A Z=AE & 59 LERQICH.

1) 2-bromo—4-[2-(5-hexylthiophen-2-y1)vinyllpyridine, $3tA =& 5-1 A

5-hexylthiophene-2-carbaldehyde(190 mg, 1.0 mmol), diethyl(2-bromopyridin-4-yl)methylphosphonate(310
mg, 1.0 mmol) 2 potassium t-butoxide(200 mg, 1.8 mmol)<L THFe| &a)A]7]a, 30 ¥ H<F AolFt. 18

I Ztsle] gulE A7l & H0(50 ml)9F methylene chloride(50 ml)E H7Fetdch. 715 (organic
layer)S ®&8ta, MgSO.E AXAZl & AAst  Eyskd,  2-bromo-4-[2-(5-hexylthiophen-2-
0 %) ATt

yl)vinyllpyridines €< 4 JJY. F5&

©

1H NMR (CDCls): 8.26 (d, 1H, J = 5.1 Hz), 7.47 (d, 1H, J = 1.8 Hz), 7.35 (d, 1H, J = 15.6 Hz), 7.23
(dd, 1H, J = 5.1 Hz), 6.98 (d, 1H, J = 3.6 Hz), 6.71 (d, 1H, J = 3.3 Hz), 6.60(d, 1H, J = 15.6 Hz),
2.81 (t, 2H, J =7.5, 7.8 Hz), 1.68 (qu, 2H, J = 6.6, 7.8 Hz), 1.33 (m, 6H), 0.89(t, 3H, J = 6.6, 6.9
Hz).

13C NMR (CDCls): 150.3, 148.5, 147.8, 143.0, 138.9, 129.2, 128.1, 125.2, 124.5, 122.4, 119.6, 31.7,
31.6, 30.6 28.9, 22.7, 14.2.

2) N-hexyl-4,4'-di(5-hexylthiophen-2-y1)vinyl)-2,2'-dipyridylamine, &7+#| 3}3& 5-2 A

2-bromo-4-[2-(5-hexylthiophen-2-y1)vinyl lpyridine 5-1 (900 mg, 2.6 mmol), hexylamine(130 mg, 1.3
mmol), DPPP(43 mg, 0.10 mmol), Pd,(dba);(48 mg, 0.05 mmol) 2 sodium t-butoxide(350 mg, 3.64 mmol)< &

2RBQ7I A £33k & =glo] EFl(dry toluene)(50 mL)S H7F8FaL, 80 TollA 24 A|ZF FoF 45},
a8 AgEte] s A7 3 H0(50 ml) S} methylene chloride(50 ml)E H7}sF3dth. 715 (organic
layer)S E8]slal, MgSO,= AZRAZ F AAstar E2shd, N-hexyl-4,4'-di(5-hexylthiophen-2-yl)vinyl)-

2,2'-dipyridylamines ¥ 4 AATF. FE&2 60 %] U T}.

' NMR (CDCly): 8.28 (d, 2H, J =5.1Hz), 7.25 (d, 2H, J = 15.9 Hz), 7.02 (s, 2H), 6.92 (m, 4H), 6.67

(d, 2H, J = 8.3 Hz), 6.62 (d, 2H, J = 15.9 Hz), 4.16 (t, 2H, J = 7.5 Hz), 2.78 (t, 4H, J = 7.8 Hz),
1.66 (m, 6H), 1.31 (m, 18H), 0.88(m, 9H).

BC MR (CDCl): 158.5, 148.8. 147.6. 146.0, 139.6, 128.1, 126.0, 124.9, 124.8, 113.6, 112.5. 48.8,

31.8, 31.7, 31.6, 30.6, 28.9, 28.8, 28.6, 26.9, 22.8, 22.7, 14.2.
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3) JK-99¢ A

N-hexyl-4,4'-di(5-hexylthiophen-2-y1)vinyl)-2,2'-dipyridylamine 5-2 (112 mg, 0.174 mmol)3} dichloro(p-
cymene)ruthenium( II )dimmer (54 mg, 0.087 mmol) €S DMF(15 mL)oll Wil 70 CTolA 4AF & Ao
o}, A&FH o2 2 2'bipyridine—4,4'-dicarboxylic acid(43 mg, 0.174 mmol)S H7}3FaL, 160 CTolA 4 Azt
QF Ao]Fork. 1e]al NLNCS(132 mg, 1.74 mmol)& F7Febal, 140 CellAl 4 AZF F3F wkgo] Yojupre s
st 19l geo® YANT|A, et &WlE AT, a8 BS HUbele] oqieta Al
T, AFo AxARAY. Az BES AAsta, oeid JK-995 4 . 8L 60 w0l

' NIR (CDsOD): 9.54 (d, 1H, J = 5.4 Hz), 8.90 (d, 1H, J = 6.0 Hz), 8.84 (s, 1H), 8.77 (s, 1H), 8.24

(d, 1M, J = 5.4 Hz), 8.15 (d, 1H, J = 5.7 Hz), 7.75 (m, 2H), 7.45 (m, 3H), 7.13 (d, 1H, J = 3.3 Hz),
7.07 (s, 1), 7.04-6.90 (m, 4H), 6.78 (d, 1, J = 3.6 Hz), 6.71 (d, 1H, J = 5.1 Hz), 6.64 (d, 1H, J =
16.5 Hz), 4.18 (t, 1D, 3.72 (t, 1D, 3.22 (t, 16H), 2.84 (t, 20), 2.79 (t, 2H), 1.63 (m, 22H), 1.35
(m, 34H), 0.98 (m, 24H), 0.87 (m, 9H).

ﬂ%—ﬂ°:<ﬂ(ka:ﬂ1ﬂA<uo)1ﬂ£ﬂ A=(120), g A=(130),
=(

A7 (110)2 A=A FER o]Fod ¢ vt vEAsAE Fel(glass) 713 #el IT0(indium tin
oxide), FTO(fluorine-doped tin oxide)”} ZEH o] v}, ze]x A17]3(110)F ¥H=A AZ(120) Alolo+=
TiClL,Z (AN FA44E 4 S},

HEA] A=(120)2 A17133(110) Aol @AEH, d87F S35 s veda a&48e s oot 1t
EA HA5(12002 5 ~ 15 um AR FAR FFE 7 vk d=dA S5448E S oS EH(TI0), oliks)
FA(5n0y) HE= AFstolA(Zn0) o2 o] FoAM, ¢k 5 ~ 30 nm A= AVIE 7§ vk el YAt
wErskEel FAE Sl= dEE s 19 SFgER o|FofA = FHEIIY sFEe] olddn. e 1
o] 3HEo At upel o ulgAs A= 38 19 RS} Ryol U3 3EAS XY, 6L vtk e
= 3Hek] 12 WA shek 199 sHetEo] duw ol gHT

A27]13(140)2 A17](110) 7 vp7A 2 A 78, S 110 =5 FI07F 29 H) e 78 713Y 5 3
o},

g d=5(130)2 A27]19(140) Aol FA=H, W (Pr)oZ o] Fod 4 glvh, gl tfg A=(130)2 W=
A A=Z(120) 2 = =F wix ).

Asd N(150) wh=A A=(120)0% gk A=(130) Aol FRFE A= RO 2A, 1-vinyl-3-methyl-

imidazolium iodide$} 1,2 3-methoxypropionitrileo] &31A17) 1, /I ¢ AadA &N &= glr}).

FEASE] F2E st 19 e
Abe thegiat F4abskE e e

%
o 9 %XH 40}04 e
} = A ARE okl A1) ALHTL 9% A

A7 Aolel Atz stste du ExE ddd 9(150) Wel 8ex o]2o] kst 3¢l 28(31 -1, +2e )l
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