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T 20~ AAl 5olA AR H f7] v=A sehEe] ¢34 AAdAFH(cyclic voltammetry) =41

wHg A7) 8 A U

o3, B wWE AAel o8] A APk @, 7] Axel L AL ¥ B ANHS] AT A
2,2 wye) gol sy Aol ols) AHE A ohirh,

o], ALEHE 1% ol % Bt olol glolA e Fesk Qrky, o] WHol &3t sl% RoplA B4
A4 A AL BAHR olastn g onE AT, EW, Fesh AT NEH P L A8l AW
v R e gesle s

hit

Brs .Br

05,00 il 0500

00—
Oleum Br

0”00 0”00

500 mL 37 T uvpY Z2}~Fol isochromenol6,5,4-def]isochromene-1,3,6,8-tetraone (17.60 g, 65.64
mol)S ¥ oleum 100mLEZ F¢lth, = v& 500 mL 37+ T vlg ZgkxFo] 1,3-dibromo-1,3,5-
triazinane-2,4,6-trione (18.83 g, 65.64 mmol)= ¥ il oleum (50mL)= =<Qlt}h. Z}z; 1A|7F F<t Ah2oA w

HEAIZL $ oleumo] 591 1,3-dibromo-1,3,5-triazinane-2,4,6-trione2 isochromenol[6,5,4-def]isochromene-
1,3,6,8-tetraone &Ho] Sollis Fafazoe] R, 40 ColA 5AIZF ok WS AIITE 10000l WA o] AL
£ 93 W ES B2 FH IAZE o)A ugkety, B2 ofe] W AS F WeEgE Ao] FEEY AXRAA AT
A A€l 4,9-dibromoisochromenol6,5,4-def ]isochromene-1,3,6,8-tetraones AU} (26 g, 94%). A= A

=S W MR I RZ 2AE 5 9l

H NMR(300MHz,CDCl3, & )18.71(5,2H);IR(KBr,cmil)I 1786,1746.

[AZ4)] 2]14,9-dibromo-2,7-dioctylbenzol lmn][3,8]phenanthroline-1,3,6,8(2H, 7H)-tetraone 34

CgHqz
O~ N O

Oe _Octylamine e Br

acetic amd .glacial gp

05,00

o“ 0" ™o 0N o

CgHqz

500 mL 37 T vty Z2}2~Fol 4,9-dibromoisochromenol6,5,4-def]isochromene-1,3,6,8-tetraone (9.50 g,
22.30 mmol)& Y3l acetic acid, glacial 200 mLZ 9 ¥ Octylamine (14.78 mL, 89.21 mmol)& Y&
al

130 “ColA 1A17F Hok WhEAIZl & wkg gole] B8 Wm wwkd § B2 Hon dEWT, AY FzntEd
Y (eluent: dichloromethane/hexane = /D= ol Al | 4,9-dibromo-2,7-
dioctylbenzo[Imn][3,8]phenanthroline-1,3,6,8(2H,7H)-tetraoneS AJAC}F (2.9 g, 20%). AZ ¥ J}F=& 'H
MRZE &4 3 = A}, 1H NMR(300MHz,CDCl3, 6 ):9.02(s,2H), 4.23-4.18(t,4H), 1.78-1.73(m,4H), 1.44-
1.30(m,20H), 0.92-0.88(t,6H)

[A =4 3]
2,7-dioctyl-4,9-di(thiophen-2-y1)benzo[ lmn][3,8]phenanthroline-1,3,6,8(2H,7H)-tetraoned] ¥4
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[0104]
[0105]

[0106]

[0107]

[0108]
[0109]

[0110]

[0111]

[0112]

[0113]
[0114]
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CgH1z
O N O
XA Br S Pd(PPh
oe + [/)—SnBu:, %
Br toluene
o} f}l [o]
CgHq7

100mL 27+ S wviet Z2}~39l tributyl(thiophen-2-yl)stannane (1.99 g, 5.33 mmol), 4,9-dibromo-2,7-
dioctylbenzol[ Imn] [3,8]phenanthrol ine- 1,3,6,8(2H,7H)-tetraone(1.38¢g,2.13mmol ), tetrakis

(triphenylphosphino) palladium[Pd(PPhs),] (0.07g,0.06mmol), toluene(25mL)S Pa A 7]Fasto]A 85 (&

24X 7 Fot WAk, wh3o] Eud dichloromethaneo® F&38}al, AW AEZuE 192 B (eluent:
dichloromethane/hexane=2/1)3}¢] oA LA 2,7-dioctyl-4,9-di (thiophen-2-

yD)benzol Inn][3,8Iphenanthroline-1,3,6,8(2H, 7 -tetraone AATH0.96 g, 69%). A% F HFZS H NR
2 BA% 4 92tk H NMR (300MHz,CDClo, §):8.74(s, 2H), 7.62-7.61(d,2H), 7.33-7.31(d,2H), 7.25-
7.22(t,2H), 4.31-4.08(t ,4H), 1.75-1.63(m,4H), 1.37-1.30(m,20H), 0.92-0.88(t,6H).

[AZe] 4]

4,9-bis(5-bromothiophen-2-y1)-2,7-dioctylbenzo[ Imn][3,8]phenanthroline-1,3,6,8(2H, 7H)-tetraones] T¥A

CgH1z
O N _O \
! Br
—— e
CHCI3, S
aceticacid Br—=<\ I
o l:l [o]
CgHqz

250mL 37+ < vy Zgt~39] 2,7-dioctyl-4,9-di(thiophen-2-y1)benzol lmn][3,8]phenanthrol ine—
1,3,6,8(2H, 7H)-tetraone(0.67g,1.02mmol ), -bromosuccinimide(0.38¢g,2.15mmol ) S Y1 FEZ=ZXE 20 mL, o}
AEAE 20 mLE 92 tha 244 BF A2olA wEEAIZIT. ¥hgo] FuH &ujE AASt Y ARnED
g2 FZ(eluent: dichloromethane/hexane=2/1)3}] &JHE2 A 4,9-bis(5-bromothiophen-2-y1)-2,7-
dioctylbenzo[Imn][3,8]phenanthroline-1,3,6,8(2H,7H)-tetraones VATt (0.58 g, 70%). #A|Zz H 3}FES

HOMRE 24 8 5 i)

1

H  NMR(300MHz,CD.Cls, 6 ):8.72(s,2H),  7.21-7.20(d,2H), 7.11-7.10(d,2H), 4.14-4.09(t,4H), 1.73-
1.65(m,4H),1.38-1.31(m,20H),0.93-0.88(t,6H).
[Azxe] 5]

4,9-dibromo-2,7-bis(2-decyltetradecyl)benzol Imn][3,8]Iphenanthroline-1,3,6,8(2H, 7H)-tetraones] A

CioH21
CqoH
CqoH 121125
05,00 H\m # 05 N0
Ci2Has
g N
Oy e ey
Br acetic acid Br
0”700 O“'N" ™0
Ci2Ha5
CioHz21

500 mL 37 S wvle Z82~39] 4,9-dibromoisochromenol6,5,4-def]isochromene-1,3,6,8-tetraone (10 g,
23.47 mmol)S ¥l acetic acid, glacial 200 mLZ =9 % 2-decyltetradecan-l-amine (20.75 g, 58.68

mmol)& QETh 130 ColA 1A17F ok wheAIZl £ oukg gole] S @m i § B2 gon
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[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]
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Ayl A=uvE 139 (eluent: dichloromethane/hexane = 1/1)2 <doj2HA A<l 4,9-dibromo-2,7-bis(2-
decyltetradecyl)benzol Imn][3,8]phenanthroline-1,3,6,8(2/4, 7H)-tetraones LAt (10.36 g, 40%). Ax &

SHEs 'H MR R 24 & 4 919t
'H NMR(300MHz,CDCls, §):9.01(s,2H), 4.16-4.14(t,4H), 2.15-2.00(m,2H), 1.27(m,80H), 0.92-0.88(t,12H);
IR(KBr,cm )@ 3048,2926,2846,1710,1655.

[Az] 6]

2,7-bis(2-decyltetradecyl)-4,9-di(thiophen—2-y1)benzo[ Imn][3,8]phenanthroline-1,3,6,8(2H,7H)-
tetraone?] A

Co CqoH21
C12H25 CizHzs
O8N O
§ S, S »
S Pd(PPh
Sy
B toluene S
r M
0 "NNo O“'N"™NO
Cq2H2s krcqus
CioHz1 CioHz1

100mL 27+ S vl Z8~30] 2-tributylstannylthiophene (3.31 g, 8.86 mmol), 4,9-dibromo-2,7-bis(2-
decyltetradecyl) benzol Imn][3,8]phenanthroline-1,3,6,8(2H,7H) ~-tetraone(3.89g,3.55mmol ),
tetrakis(triphenylphosphino) palladium[Pd(PPh3),](0.12g,0.11mmol), toluene(70mL) & P AA 7]F{3}|

A 85 CR 24A7F FoF Wk AZITH W] ZuUd dichloromethane O ® FE33, AY ARuEIIuR B
?(eluent: dichloromethane/hexane=1/1)3sFe] t©}&A 113 2, 7-bis(2-decyltetradecyl)-4,9-di(thiophen-2-
1

yvD)benzo[1mn][3,8]phenanthroline-1,3,6,8(2H,7H)-tetraoneS LA} (2.52 g, 71%). AZ 9 IJIFES H
MRE &4 & 4 USUT}.

1H NMR(300MHz ,CDCl,, § ) 8.77 (s, 2H), 7.62-7.60 (d, 2H), 7.33-7.32 (d, 2H), 7.25-7.22 (t, 2H), 4.08-
4.06 (d, 4H), 1.97-1.94 (m, 2H), 1.26 (m, 80H), 0.92-0.88 (m, 12H).

[A =4 7]

4,9-bis(5-bromothiophen-2-y1)-2,7-bis(2-decyltetradecyl)benzol lmn][3,8]phenanthroline-1,3,6,8(2H, 7H)-
tetraone®] %A

C10H21 c10HZ1
C12H25 C12H25
OO OO
acetic acid
O“'N" ™0 O“'N" ™0
C12H25 C12H25
C10H21 C1o|'|z1

250mL 37 T 3= =g~ 2,7-bis(2-decyltetradecyl)-4,9-di(thiophen-2-yl)benzo
[Imn][3,8]phenanthroline- 1,3,6,8(2H,7H)- tetraone(2.00g,1.81mmol), N-bromosuccinimide(0.65g,3.62mmol)
S Y¥Ya FEEXE 10 mL, oMHEAF 10 nLE ¥ thS 2447 B9k A2olA whgAIZITE, whgo] Eiupd )
E AAsStz A7 a=vEadd= F2](eluent: dichloromethane/hexane=1/1)3} H-24 A 4,9-bis(5-
bromothiophen-2-y1)-2,7-bis(2-decyltetradecyl )benzol Imn][3,8]phenanthroline-1,3,6,8(2H,7H)-tetraoneE

Aot (0.61 g, 87%). A= © TS H MRZ 24 & 4 99T},

i NMR(300MHz,CD:Cl,, § ):8.72(s,2H), 7.21-7.20(d,2H), 7.12-7.11(d,2H), 4.10-4.07(d,4H), 2.04(m,2H),
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[0126]

[0127]

[0128]
[0129]

[0130]

[0131]

[0132]

[0133]
[0134]

[0135]

[0136]

[0137]
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1.27(m,80H), 0.92-0.88(m,12H).
[Alzd 8]

5,5'-(2,7-dioctyl-1,3,6,8-tetraoxo-1,2,3,6,7,8-hexahydrobenzo[ Imn][3,8]phenanthroline-4,9-
diyl)bis(thiophene-2-carbaldehyde) 9] ¥4

CgHiz
O~ N O o
e Br , H%_ PA(PPhs)s2MKsCOs
Br | ,)—B(OH), toluene
o] l:l o
CgHy7

100mL 27 S vlg Z8~39]  4,9-dibromo-2,7-dioctylbenzol lmn][3,8]phenanthroline-1,3,6,8(24, 7H)-
tetraone(0.83g,1.36mmol), (5-formylthiophen-2-y1)boronicacid(0.53¢g,3.4mmol), toluenelsml,2MK,CO; 2.72 mL

2 HAH3] FYsn AL 71FSkA 308 <t wHEEE vl tetrakis(triphenylphosphino) palladium
[Pd(PPhy),](0.01g,0.0lmol ) S 2L, 85 CollAl 24A17F H<F ubgA| 1Tk, whgo] By guje A7 sy, =2

2¥Eor F&3 FH ZAY AzvEadyE FF(eluent: dichloromethane/hexane=5/1)3}e] 5,5'-(2,7-
dioctyl-1,3,6,8-tetraoxo-1,2,3,6,7,8-hexahydrobenzo[ Imn][3,8]phenanthroline-4,9-diyl)bis(thiophene-2-

carbaldehyde) S AU} (0.49 g, 51%). Ax H IJF=E=S 'HONMRZ £ 8 5 ).

I NMR(300MHz,CDsCls, 6):10.04(s,2H), 8.74(s,2H), 7.95-7.90(d,2H), 7.36-7.35(d,2H), 4.19-4.07(t,4H),
1.73-1.65(m,4H), 1.48-1.30(m,20H), 0.92-0.90(t,6H).
[AA4 1]

4,9-di([2,2'-bithiophen]-5-y1)-2,7-dioctylbenzol Imn][3,8]phenanthroline-1,3,6,8(2H, 7H)-tetraoned] A

CgHiz

05 N0 o
Br B Pd(PPh;)s,2MK,CO;
+ S S ~0 s ——

Oe 1 ] toluene
/) \Y
o l;l [o]
CgHy7

Br

100mL 27 S vtg Z8~3o]  4,9-dibromo-2,7-dioctylbenzol Imn][3,8]phenanthroline-1,3,6,8(2H,7H)-
tetraone (1 g, 1.54 mmol), 2-([2,2'-bithiophen]-5-y1)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1.13 g,
3.85 mmol), tetrakis(triphenylphosphino) palladium [Pd(PPhs),](0.05g,0.05mmol),toluene(20mL)S ¥ &

2 7158kl A 302 SoF wuke oS oM KCOdmLE HFH3F] FUSkAL 85 TR 24417 B9k kS 7ITh, wkgo)

1A dichloromethanel. 2 FE3sta, Ay AZvlEad 9 &2 E2](eluent: dichloromethane/hexane=3/1)3}<]
o LA 4,9-di([2,2'-bithiophen]-5-y1)-2,7-dioctylbenzol lmn]1[3,8]phenanthroline-1,3,6,8(2H,7H) -

tetraoneS AT (1.08 g, 86%). Ax B SFES H MRS AFadedon B4 & 5 99},

1H NMR (300MHz ,CDsCly, 6 ):8.78(s,2H), 7.37-7.31(m,81), 7.14-7.11(m,2H), 4.16-4.11(t,4H1), 1.77-
1.65(m,4H), 1.41-1.30(m,20H), 0.92-0.91(t,6H); HR-MS(EI)m/z calcd for C46H46N204S4(M+)3818.2340§found
818.2342.

Az B gFwe vl woh g BeASHS vy,

Td(C) HOMO(eV) LUMO(eV) Eg(eV)
428 =5.61 -4.10 1.48
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[0143]
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[HA4 2]
4,9-bis(benzolblthiophen-2-y1)-2,7-dioctylbenzol[1mn]1[3,8]phenanthroline-1,3,6,8(2H,7M)-tetraoned &4

?8“17
O N0
Br S, Pd(PPhj),,2MK,CO
Q"+ (CLp-sion, Lrmmaneco,
r toluene
o0>N"So
CgH47

100mL 27 S vtg Z8~3o]  4,9-dibromo-2,7-dioctylbenzol Imn][3,8]phenanthroline-1,3,6,8(2H,7H)-

tetraone (1 g, 1.54 mmol ), benzol b]thiophen—2-

ylboronicacid(0.69g,3.86mmol),tetrakis(triphenylphosphino)palladium[Pd(PPhs)](0.05g,0.05mmol),toluene
(20mL) & B3 A% 7)Fatel A 308 SoF wukek the, oM KC04nL S H A3 FY5kaL 85 €& 24A17F Bk uh

LAY, wkgo]  Eud  dichloromethane®®  FE3dta, AYW  IA=EvtEgfdE 2 (eluent:

E

dichloromethane/hexane=2/1) &} A LA 4,9-bis(benzol blthiophen-2-y1)-2,7-
=

dioctylbenzollmn][3,8]phenanthroline-1,3,6,8(2H, 7H)-tetraones AUt (0.99 g, 85%). Ax H IFIES
HNR} dgadEgor ¥4 & 5 i,

1H NMR(300MHz,CDsCls, &§ )  8.84(s,2H), 7.98-7.92(m,4H), 7.50-7.46(m,6H), 4.13-4.08(t,4H), 1.74-
1.64(m,4H), 1.36-1.29(m,20H), 0.91-0.86(t,6H); HR-MS(EI)m/z calcd forC%HmNthg(M+)1754.2899;f0und

754.2898.
Az @ AFES 19 Hot ge BelHEHS ehinh

) HOMO(eV) | LUMO(eV) . Eg(eV)
—-5.85 —4.04 1.81

Td( ¥
39

aile)

[AAd 3
5,5'-(2,7-dioctyl-1,3,6,8-tetraoxo-1,2,3,6,7,8-hexahydrobenzo[ Imn][3,8]phenanthrol ine-4, 9-
diyl)bis(thiophene-2-carbonitrile)?] A4

C3H17 CBH17
CN
OO —
S
3
(o) '}l o]
CsH17 CgHq7

100mL 27 S wve Z2=39] 4,9-bis(5-bromothiophen-2-y1)-2,7-dioctylbenzol Imn][3,8]phenanthroline-

1,3,6,8(2/, 7H)~tetraone(0.58g,0.71mmol) , cyanocopper (0.64g,7. 14mmol ), DMF20mLS Qi1 150 CZ SHFA 71T}
W&ol FEHW fulg AAstE, ZEEXEFoR FEF F, #Hi JA=vEIHEZ EZ(eluent:
dichloromethane) 3} A LA 5,5'-(2,7-dioctyl-1,3,6,8-tetraoxo-1,2,3,6,7,8-
hexahydrobenzo[ Imn][3,8]phenanthrol ine-4,9-diyl)bis(thiophene-2-carbonitrile)S LAt (0.4g, 80%). A

z 9 IS HNREZ B4 3 5 9t
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[0151]
[0152]

[0153]

[0154]
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[0157]
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IHNMR(BOOMHZ,CDQCIQ,6):8.73(8,2}]), 7.78-7.76(d,2H), 7.27-7.26(d,2H), 4.13-4.08(t,4H), 1.69-1.67(m,4H),
1.36-1.30(m,20H), 0.91-0.88(t,6H).

Az @ e 51719 F9 2L =94 542 Uehiddt

Td(C) HOMO(eV) LUMO(eV) Eg(eV)
403 —-6.46 -4.13 2.48

[AAd 4]

5,5'-(2,7-bis(2-decyltetradecyl)-1,3,6,8-tetraoxo-1,2,3,6,7,8-hexahydrobenzol Imn][3, 8]phenanthroline-
4,9-diyl)bis(thiophene-2-carbonitrile)d &4

C1oH21 CioH21
C12Has
O~ _N_O
CuCN '; CN
E 0
DMF
S
NC—\ 1
O” N ™0
C12Has
C1oH21
100mL 27 T lRss R EaE | 4,9-bis(5-bromothiophen-2-y1)-2,7-bis(2-

decyltetradecyl)benzol Imn][3,8]phenanthroline-1,3,6,8(2/,7H)-

tetraone(lg,0.79mmol) , cyanocopper (0.21g,2.38mmol ) ,DNF20mLE Y 150 C2 -HAZITh. ukgo] ZFmuy

L= A AL, dichloromethane©. & FE3 =, Ad AR EIYY R ] (eluent:
dichloromethane/hexane=2/1)3}¢] =l LA 5,5'-(2,7-bis(2-decyltetradecyl)-1,3,6,8-tetraoxo-
1,2,3,6,7,8-hexahydrobenzol Imn][3,8]phenanthroline-4,9-diyl)bis(thiophene-2-carbonitrile)< A

(0.6 g, 66%). AZ P FF=S H NMRZ 24 & 5 2t

H NMR(300MHz,CDsCl, 6 ):8.83(s,2H), 7.77-7.75(d,2H), 7.27-7.26(d,2H), 4.19-4.05(d,4H), 1.93(m,2H),
1.26(m,80H), 0.92-0.88(t,12H).

Az B SR vl weh 2o Beld 542 Y.

Td(C) HOMO(eV) LUMO(eV) Eg(eV)
402 | -6.45 -4.17 2.28
[dAl 5]

2,2'-((5,5'-(2,7-dioctyl-1,3,6,8-tetraoxo-1,2,3,6,7,8hexahydrobenzo[ Imn][3,8]phenanthrol ine-4, 9-
diyl)bis(thiophene-5,2-diyl))bis(methanylylidene))dimalononitriles] A

CaH1z
O~ N O 2 H
IS malononitrile,
(o} piperidine
g . L pwendne_y,
\ 1 MC
H 0"N"No

1
CgHq7

f
i

100mL 29" ElR=s Zef2A0 5,56'-(2,7-dioctyl-1,3,6,8-tetraoxo-1,2,3,6,7,8-
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[0164]
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hexahydrobenzol[ Imn][3,8]phenanthroline-4,9-diyl)bis(thiophene-2-carbaldehyde) (0.49 g, 0.69 mmol),
malononitile (0.11 g, 1.66 mmol), dichloromethane 10 mL, piperidine 1%&<S ¥ A20]A 3A7F &<k vk
S A171t}. Dichloromethane® F%3 % A A=2rnE g9 Z 22| (eluent: hexane/ethyl acetate=5/1)3}]
2,2'-((5,5'-(2,7-dioctyl-1,3,6,8-tetraoxo-1,2,3,6,7,8 hexahydrobenzo[ Imn][3,8]phenanthrol ine-4,9-
diyl)bis(thiophene-5,2-diy1))bis(methanylylidene))dimalononitriles AJtt (0.22 g, 40%). A% = 33
= lH MRZ 4 & 4 A} IHNMR(SOOMHZ,CDZCIQ,8):8.74(5,21'1),7.72(5,2H),7.63_7.61(d,2H),7.33_
7.31(d,2H), 4.13-4.08 (t, 4H), 1.72-1.67 (m, 4H), 1.37-1.30 (m, 20H), 0.92-0.88 (6H).

Az @ BFEL S woh 2o BE 542 vehsid.

Td(C) HOMO(eV) LUMO(eV) Eg(eV)
429 -5.58 -4.09 1.49
L=}
=)
100 ——NDI-dibithiophene
80
i\,\_o’ 60 <
=)
T
204
0 T T T T T T T
100 200 300 400 500 600 700 800
Temperature (C)
R

o

z

ke

L

3

T -10
-1.5-
-2.01

T T T T T T T T T

1
50 100 150 200 250 300
Terrperature (C)
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