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[47]

[48]

[49]
[50]

[51]

[52]

O

PN

@) N~ O Br
O —— (O

Oleum Br

O O O o) 0 0

500 mL 37~ &+ vhe Eek2 0
isochromeno[6,5,4-def]isochromene-1,3,6,8-tetraone (17.60 g, 65.64 mmol)-& ¥ 31
oleum 100mL= =<1t} & tFE 500 mL 37 5 B Z8f 29
1,3-dibromo-1,3,5-triazinane-2,4,6-trione (18.83 g, 65.64 mmol)& ¥ 31 oleum
(50mL) & 51T} 22} A ZF 5 9F 2ol A il¥EAI 7] 3 oleumol] 5 <]

1,3-dibromo-1,3,5-triazinane-2,4,6-trione-=

isochromeno[6,5,4-def]isochromene- 1,3,6,8-tetraone -& 9 0] 50 Q1= &} 2~ .9
3L, 40 °Coll A 5AIZE 5 9F REG-A 71T}, 1000mL H] A o] & & %% WD HtSES
WO = A7k oA mHkdlt, B2 o] W AL 5] weke 2 Ao] IEFHe]

AZA A AFA 31421
4,9-dibromoisochromeno[6,5,4-deflisochromene-1,3,6,8-tetraone= & T} (26 g,
94%). Al ¥ 35S 'HNMR 7} IRZ #4713 5= 9J ]t}

'H NMR(300MHz,CDCl5,0):8.71(s,2H);IR(KBr,cm™): 1786,1746.

A Z4 2) 4,9-t}ol B2 2 .2.7-t} o] & & ¥l Z[Imn][3,8]¥ H E 2 H-1,3,6,8(2H,7
H)-H Edh g

Br Octylamine OO Br
oy

Acetic acid, glacial

I
CgH47

500 mL 37~ &+ vhe Eek2 0
4 9—d1br0m01sochr0meno[6 5,4-def]isochromene-1, 3 6,8-tetraone (9.50 g, 22.30
mmol)& ¥ 31 acetic acid, glacial 200 mL= = ¢1 ¥ Octylamine (14.78 mL, 89.21
mmol)g W=t 130 °Col A 1A E SR WEEAI T 2 REg &V]el] BE W1
Hke 7 22 Ao e A1 A2 v E 1 9 (eluent:
dichloromethane/hexane = 1/1) % 7o} A 317 21
4,9-dibromo-2,7-dioctylbenzo[lmn][3,8]phenanthroline-1,3,6,8(2H,7H)-tetraone =
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AN} (2.9 g, 20%). A= H F3E-S HNMRE ¥4 3 4= g1t
[53] 'H NMR(300MHz,CDCl,,8):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)
[54] (A Z4 3)
9-B 2 1. 27.t}0]-8€.1,3,6,8-EH ET}-24-1,2,3,6,7,8- A A} 5} o] = 2 ¥l Z[Imn][3,
SIHFEZ U -4-7l R o] EF 9 A
[55]

(?’SH’l? C}SH17
0 N @] O N @]
Br CuCN CN
oy -
Br DMF Br
0 I}I @] O I}I @]
CgH47 CsH17

[56] 250 mL 37" &+ vl Sk o
4,9-dibromo-2,7-dioctybenzo[lmn][3, 8]phenanthroline—1,3,6,8(2H,7H)—tetraone(10.54g
,16.37mmol)-& ¥ 31 DMF 160 mLE €21 100 °Coll A 1A]ZF &<t 7+ gt 100
mL 37" &< Y & o Cyanocopper (0.8 g,9.01 mmol)< % 31 DMF 20
mLE o] A2 A =t} =2 cyanocopperE A &2 Frol
4,9-dibromo-2,7-dioctylbenzo[lmn][3,8]phenanthroline-1,3,6,8(2H,7H)-tetraone |
HAME WS &7l A8 FAsE 1A E1F RS A
dichloromethane & & %3+ 5 Z &l 3 & v} & 12 3] (eluent:
dichloromethane/hexane = 5/1) % 7o} A 317 21
9-bromo-2,7-dioctyl-1,3,6,8-tetraoxo-1,2,3,6,7,8-
hexahydrobenzo[lmn][3,8]phenanthroline-4-carbonitrile-S A T} (2.8 g, 29%).

[57] 'THNMR(300MHz,CD,Cl,,):9.06(s,1H),9.02(s,1H),4.25-4.19(t,4H),1.81-1.71(m,4H),1
.42-1.30(m,20H),0.92-0.90(t,6H)

[58] Az 4) (B)-1,2-8] 2= (Ho] 2H-2-A)el 7l 2] g4

[59] o
N N
/2 v S
[60] FEepaol Aho] & #-2-7 = k] 8lo] = (5.6 g, 50 mmol)S W AL

s;

| Eg}slo] = 2 FTH(THF) (100 mL)ol] =91 3 -18°CE & 55 4
ElElF(IV)E 2 2Fo] = (6.5 mL) 30%- & QF 3] A 713t} 30+
o A+ (7.8 g)= 300l A F< &t -18°Cell A 304 &<t ulw
Ao B 28l 3A7F30% FFEFAIIT. O - A EE
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[61]
[62]
[63]

[64]

[65]
[66]

[67]

[68]

>
)

171 5l g 8 2728 dedud yaaZzdgo| =g Mojle 25351

WA 7] TSk o g A AA S makd 3l (B

-1,2-8] (o] @ 3-2- 2ol 'S AT (4.7 g, 98%).
'HNMR(300MHz,CDCl;,8):7.18(d,2H),7.05(s,2H),7.04(d,2H),6.99(m,2H).

(A2 5) (E)-1,2-8] 2G-(E W E 2~ el d)ynto] @ #Hl-2-2)ol &l o] 34

|
. —Sn—Cl
se M TMEDA, n-BuLi, | R S\n/ So o~ A N\ __s
\_/ S Hexane / THF \_/ S ST_

Ze Aol (F)-1,2-8] = (AFo] .3-2-)ell €l (1.78 g, 9.6 mmol)S
H Edtato]| =25 2/E 4k o] -8 vl (F-3]48] 2/1, 50 mL)°l| <] ¥ 2359
n-HE 245 o] 9= AlEE AN ml, 22 mmol)& -78°Cell A 3 8] 7Fa}aL
30%-7F WHEA| ZITh AL o & L8] [A]7F Eo HEe A B o] HESES
78°CE 255 Yt 250 A A7) HESE 152 Egved
Z2glo| =7 235 o] = " Egsto] = 2% 222 mL, 22 mmol)S A 3]
S| 7}/\] 7131, oA {F B AF-of| A WHEA|ZIT}, o B 2 B 53} a1,
T I F O R RS A AL, S E 55 T ol e R
Xﬂé%i slo] aQEA o] ulm ROl (E
)-12-8] ~G-(E v e e d)ymlo] @ #ll-2-A)of 'S AT (3.88 g, 80%).
'H NMR(300MHz,CDCl,8):7.11(d,2H),7.08(s,2H),7.07(d,2H),0.36(s,18H).
(A A4 1) 9,9'-([2,2'-4} 0]
Bl 2 #]-5,5'-tho] &)H] 2(2,7-th0] £ ©-1,3,6,8- B E 25 42-1,2,3,6,7,8- A A3} 0]
=2 ZE[Imn][3,8]H FEZJ4-7l B o] EH)9] T A

CBH1/

CeH
B 17 C5H17 CN
j/ o Pd(PPhy), O N \
(HaC)asn - — I I
\], D—@\ toluene \j/
S NC’ 7

Sn(CHg)s CaHyr

07 N0
C5H17 CBH17

100 mL 27~ 532 vl Z el o
9-bromo-2,7-dioctyl-1,3,6,8-tetraoxo-1,2,3,6,7,8-hexahydrobenzo[lmn][ 3,8 ]| phenanthro
line-4-carbonitrile (1.02 g, 1.72 mmol) ¥} 5,5'-bis(trimethylstannyl)-2,2'-bithiophene
(0.34 g, 0.69 mmol), Pd(PPh;),(0.02g,0.02mmol),20mLtoluene-s- Y- Th& A4
715 8ol A 85 °CR 24t FFHEGAIIL SRR F o8 53 5 Ad
A 2 v}E 12 3] (eluent: dichloromethane/hexane = 5/1) %= H A 314 21
9,9'-([2,2'-bithiophene]-5,5"-diyl)bis(2,7-dioctyl-1,3,6,8-tetraoxo-1,2,3,6,7,8-hexahydro
benzo[lmn][3,8]phenanthroline-4-carbonitrile)= & T} (0.71 g, 86%).
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[69] 'H NMR(300MHz,CD,Cl,,):9.01(s,2H), 8.89(s,2H), 7.45(s,4H), 4.25-4.17(m,8H),
1.80-1.75(m,8H), 1.33-1.31(m,40H), 0.92-0.90(t,12H).

[70] (A A4 2)(E
)-9,9'-(5,5'-(° §ll-1,2-tho] &)yH] 2= (#ho] @ 3-5,2-tF o] A))H] 22(2,7-tFo] £ 8 -1,3,6,
8-Hl Ee}£4-1,2,3,6,7,8- N ALsto] = 2 Ml 2 [Imn][3,8] P FE R H-4-7L R Lo E
)l FA

[71] CaHi7

o ﬁ/w
L CN y ﬁgHg g
Br/@% . (Hsc)ssnT;J/(slsn(CHs)s | PePPnel I e l/\>g Ao
O//\E;HED toluene - ‘ Py chw
T

[72] 100 mL 27" &< Bl Sk 0
9-bromo-2,7-dioctyl-1,3,6,8-tetraoxo-1,2,3,6,7,8-hexahydrobenzo[lmn][ 3,8 ]| phenanthro
line-4-carbonitrile (0.2 g, 0.34 mmol) ¥} (E
)-1,2-bis(5-(trimethylstannyl)thiophen-2-ylethene(0.07g,0.13mmol),Pd(PPh;)4(0.005¢,
0.004mmol), 10mLtoluene< &2 v} 2 A& 7|57 8ol A 85 °C= 244 7F &<t
HESAIZIT S22 502 23 5 Ay A2 vt E 18 3 (eluent:
dichloromethane) & w2 31.4|<1 (E
)-9.9'-(5,5'-(ethene-1,2-diyl)bis(thiophene-5,2-diyl))bis(2,7-dioctyl-1,3,6,8-tetraoxo-1,2
,3,6,7,8-hexahydrobenzo[Imn][3,8]phenanthroline-4-carbonitrile) & &2 T} (0.1 g,
63%).

[73] 'H NMR(300MHz,CD,Cl,):8.99(s,2H), 8.86(s,2H), 7.40-7.39(d,2H),
7.21-7.16(d,2H), 4.26-4.13(m,8H), 1.84-1.68(m,8H), 1.44-1.30(m,40H),
0.91-0.88(m,12H).

[74] (AA 4 3)
9,9'-(1,5-t H| B A =& dl-2,6-E)H] 2(2,7-1 £ € -1,3,6,8-Hl E &% 4:-1,2,3,6,7,8
-# AL et o] = 2 {l Z [Imn][3,8]F HE Z A -4-7L B o]l ERY) 9] A

[75]

CBH 7
f on o /9o 2M KoCO3 Pd(pphas
&1 T, T
o NBH‘? o. 0757
[76] 100 mL 27~ 532 vl Z el o

9-bromo-2,7-dioctyl-1,3,6,8-tetraoxo-1,2,3,6,7,8-hexahydrobenzo[lmn][ 3,8 ]| phenanthro
line-4-carbonitrile (0.4 g, 0.67 mmol)Z}
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[77]

[78]

2,2'-(1,5-dimethoxynaphthalene-2,6-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane)(
0.14¢g, 0.32mmol), Pd(PPh;),(0.01g, 0.01mmol), 5mL toluene, 2mL THF = He s
2% 7]5F8tel A 304 8 5 wHEA T Th5- 2M K,CO, 5 % 3L, 85 °CE 484 gk
S HEEAIITH SFR2EXE O R FEe F A7 ARvE 18 9 (eluent:
chloroform)® -2 21421
9,9'-(1,5-dimethoxynaphthalene-2,6-diyl)bis(2,7-dioctyl-1,3,6,8-tetraoxo-1,2,3,6,7,8-h
exahydrobenzo[lmn][3,8]phenanthroline-4-carbonitrile)& A T} (0.41 g, 50%).

'H NMR (300 MHz, CDCls): 9.06 (s,2H), 8.86 (s,2H), 8.04 (d,2H) 7.74 (d,2H),
4.28-4.10 (m,8H), 3.80 (s,6H), 1.81 (m,8H), 1.61 (m,40H), 0.87 (t,12H), FT-IR (KBr,
cm!): 3100 (aromatic C-H str), 2955-2895 (aliphatic C-H str), 2254 (CN), 1719-1652
(C=0)
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Ry WA Rp A2 5P A Q=2 G4, dfo]| E5 AV, o} i,
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