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Development of Conjugated Polymers Based on a Monomer Unit with Optimized
Bond-Length Alternation

Yamamoto, Keitaro
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Quinoidal oligothiophenes having optimized bond length alternation and
diradical character were developed by adjusting the chain length of the oligothiophene backbones.
The target molecules were obtained by the palladium-catalyzed coupling reaction of oligothiophene
dibromide and 1,3-indandione. In UV-vis-NIR absorption spectrum measurement, the synthesized
molecules exhibited intense photo absorption derived from the highest occupied molecular orbital
(HOMO)-lowest unoccupied molecular orbital (LUMO) transition which was confirmed by TD-DFT
calculation. Quinoidal oligothiophenes composed of thiophene 4-mer scaffolds were shown to have
selective photo-absorption in the NIR region with absorption maxima above 900nm, indicating the
well-delocalized p electrons in the molecules. In addition, these molecules have almost no photo
absorption in the visible light region. Therefore, they are expected to be applied as sensing
materials that are transparent yet responsive to NIR light.
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2 (R=2-ethylhexyl)

2-Me (R=CHg)

HOMA=0.60, y=043
‘HOMO=5.96 eV, LUMO=3 46 eV

1 (R=2-ethylhexyl)

1-Me (R=CHj)

‘HOMA=0 73, y=052
‘HOMO=503 eV, LUMO=3.62 eV

TQ-ID (n=1-4)

n=1:HOMA=0.63, y=0.25 3 (R=octyl) 4 (R=2-ethylhexyl)
n=2. HOMA=0.72, y=0.41 3.Me (R=CH,) 4-Me (R=CHs)
n=3: HOMA=0.78, y=054 HOMA=0.61, y=0.23 ‘HOMA=0.57, y=0.20
n=4. HOMA=0.83, y=0.85 HOMO=562 eV, LUMO=3.45 eV HOMO=5.67 eV, LUMO=3 44 eV
2
2
1 2 ( 3 ©)
N- (NBS) 4 (5)
6 6 NBS
7 1,3 8
1) 2
3 1 NBS (9) 9 n-
10 9
10 1 NBS 12 12
8 2
3 4 13 14
1,2 3 4
o
S in o
O .y
5 o 8
EH_ EH EH_EH ;gi(gsa)z-Cchg EH_ EH EH_EH BUXPhos-Pd-G3
/—Q—§ NBS (2.1 eq.) [_Q_\ KsPOs s J NBS /_Qf NaH
THE A T THE, Hy0, reflue "'\s \Q THF, rt Br‘L\//\ B THF, 1,0, reflux
J NBS (1.0 eq.)
THF, 1t o
(dbals - . EH__EH EH_,EH 8
EH_EH ) n-BuLi EH_EH B els CHCls (ﬁ_\ - 'BuXPhos-Pd-G3
THF —78°C /—(S—L KsPO4 / ar NaH
Y -
Broy ) BRI e 1,0, refiux S/\\/Q#7 THE, 1t \ / V- H,0, reflux 2
- _OB oFr EH "EH 12 EH EH
-78°Ctort
8 3 8
HWCB CﬁHW {BuXPhos Pd-G3 : EH_.EH 'BuXPhos-Pd-G3
/(\;M hart _ /ﬁ\/%)f}\ M,
THF, Hz0, reflux Br S g7 Br THF, Hz0, reflux
13 14
3
©)
—_
4 — 2
3 4 550-650 nm S| 3
3 4 A —
S 3
c
n 3
4 1 §
909 nm g
2 4
1 = ‘ : :
400 600 800 1000 1200
4 2 Wavelength / nm
1 4
A max=922 nm TD-DFT
HOMO-LUMO T






