©
2017 2019

Development of high-performance pi-conjugated polymers using cis-trans
photoisomerization as a key step

Wakioka, Masayuki
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trans-Polythienylenevinylenes (PTVs), which is known as an excellent polymer
semiconductor, occasionally show poor solubility due to its high crystallinity, making it difficult
to prepare the polymers with high molecular weight and to form homogeneous thin films. In this
study, we investigated cis-trans isomerization as a solution to the solubility problem. As a result,
we have found that cis-PTVs with high solubility undergo one-way isomerization in the thin film
under heating conditions, and the corresponding trans-PTVs are formed. Furthermore, using this
isomerization method, we have succeeded in clarifying the characteristics of trans-PTV that could
not be synthesized due to the solubility problem.



(OFET)

- trans-
(PTV)
OFET
SR MSY
7\ Btk
( 1) OFeT R - %Ar (P s
PTV s~ ' \ /7,
trans-PTV cis-PTV =~ trans-PTV
fEEMEX #HEREO
BUEN (R O RRTE (GRRRME) X
trans-PTV 1. PTV
(QEY cisPTV
cis-PTV
cds  (p- )(PPV)

cis-PTV trans-PTV

(1) cisPTV trans-PTV
(2) cisPTV trans-PTV
3 (2 trans-PTV

GPC
NMR MALDI-TOF-MS
UV-visNIR  PYS AFM IR pMAIRS
2D-GIXD(SPring-8, : 2017B1831, 2018A1584, 2018B1617, 2019B1843)
OFET
OFET
Q) PTV OFET
PTV(P1) ( 2
1-Br (B (2- 2-H
trans-P1 Cis
P1 1H NMR
(trans-P1: trans >99%, cis-P1: cis 83-92%)
trans-P1 —Stille

Pds(dba)s-CHClj (0.5 mol%)

P(2-MeOCgH4)3 (2 mol%)
TMEDA (0 or 10 mol%)
O Q o NS .
\ / Cs,CO3 (3 equiv)
+BuCO,H (1 equiv)

(E) or (2)-2-H toluene or 2-MeTHF, 100 °C

(R = 2-decyltetradecyl)
o o .

R
trans-P1 (M, up to 44,900, trans >99%)
cis-P1 (M, up to 65,000, cis 83-92%)

\ /

n

2. Cis- trans-P1



cisP1

@
X
o

trans-P1 A
cisP1 g
DSC § B 1st heating
g - 2nd heating N
( 3 1 200 °C 2 - -
0 100 200 300
240 °C 2 temperature (°C)
3. cis-P1(Mn = 65,000) DSC
DSC IR
1 200°C
cis-P1 240 °C 010
UV-vis
( 9 cisPl 606 nm 008
(™) 630 nm 700 nm 3 006
trans-P1 8
(Amax = 639, 701 nm) g oo
L 0.02
0.00
OFET 400 500 600 700 800
wavelength (nm)
( et ) 4. cis-P1(Mn = 65,000)
240°C UV-vi
a0°c30 )y ) VIS
cisP1(M, = 65,000)
(trans-P1_iso) (uh =152 %1072
cm/V-s) trans-P1(M, = 44,900) (uh=3.0x103cm/V-s) 17
( 95 2D-GIXD transP1 iso Tt
(3.69A) trans-P1(3.74A) ( b5a 5b) AFM
trans-P1 _iso trans-P1
( b&c 5d)
(nm) (nm)

T 8.0
i 6.0 6.0
° 4.0 40
20 2.0
0 1.0 15 20 mo— a0 @0
Gy (A7) Gy (A7)
5. trans-P1_iso(a, ¢) trans-P1(b, d) 2D-GIXD (a,b) AFM (c,d;6x6
um).
(2) PTV
trans-PTV
T -TT T -TT
]
trans-PTV
trans-PTV

P2( 6)
2- trans-P2a OFET



p

cis-P2a-P2c ( 6) cisP2
trans-P2 trans-P2
¢ ©
R
OLN & ping—L ) Pd,(dba)g* CHCl5 (2 mol%)
) B s P'Bug-HBF, (8 mol%)
+
gl N ST\ Bu,NBr (1 eq) 4
S N o =~ aq K3POy (3 eq) N
R pinB THF or toluene ]
3a-Br (R = 2-decyltetradecyl) (2-2-Bpin 40°C, dark, 181 ;s paa (98%, cis 93%, M, = 30,700)
3b-Br (R = 2-hexyldecyl) cis-P2b (99%, cis 97%, M, = 22,500)
3c-Br (R = 2-butyloctyl) cis-P2¢ (92%, cis 92%, M, = 20,100)
y lin thin film
(thermal isomerization)
Pd,(dba)s* CHCly (2 mol%) o N'R
, P'Bug-HBF, (8 mol%) ) \S p /\ /\
taortb + (B BusNBr (1 eq) I\ S S
aq K3PO, (3 eq) S N n
THF, 60 °C, 18 h qo©
trans-P2a_iso via }
trans-P2b_iso thermal
trans-P2c_iso_|isomerization]
trans-P2a (92%, trans >99%, M,, = 22,800)
trans-P2b (43%, trans >99%, M,, = 2,400)
6. cis- trans-P2
trans-P2 3 (B)-2-Bpin
- trans-P2a
trans-P2b
cis-P2a-P2c[ (E)-2-Bpin (2)-2-Bpin
1
H
NMR 12 .
(trans-P2: trans >99%, cis-P2: L= ol
Cis 92-97%) g
cisP1l cis-P2a-P2c 5 08
DSC g 0.6
150 °C 220 °C g
200 °C g ol
cisP2 200 °C '
trans-P2(trans-P2_iso) 0.0 =
. 400 600 800 1000
UV-vis-NIR wavelength (nm)
-( N 7. cis-P2a (200 °C)
trans-P2a_iso trans- : -
P2a UV-vis-NIR
OFET (200°C 30 )
trans-P2a_iso trans-P2a
[un=3(1) x 102 cm/V-s]
trans-P2_iso [ = 3(1) x 102 cm/V-s]
trans-P2_iso
(mt ) [T : 3.84 A(P2a), 3.69 A(P2b), 3.61
A(P20)]

OFET



Wakioka Masayuki Ozawa Fumiyuki 7
Highly Efficient Catalysts for Direct Arylation Polymerization (DArP) 2018
Asian Journal of Organic Chemistry 1206 1216
DOl
10.1002/ajoc.201800227
Masayuki Wakioka, Natsumi Yamashita, Hiroki Mori, Yasushi Nishihara, Fumiyuki Ozawa 23
Synthesis of a 1,2-Dithienylethene-Containing Donor-Acceptor Polymer via Palladium-Catalyzed 2018
Direct Arylation Polymerization (DArP)
Molecules 981
DOl
10.3390/molecules23040981
s 75
(DArP) 2017
810-820
DOl
10.5059/yukigoseikyokaishi.75.810
Wakioka Masayuki Morita Hazuki Ichihara Nobuko Saito Masahiko Osaka Itaru Ozawa Fumiyuki 53
Mixed-Ligand Approach to Palladium-Catalyzed Direct Arylation Polymerization: Synthesis of 2019
Donor?Acceptor Polymers Containing Unsubstituted Bithiophene Units
Macromolecules 158 164
DOl

10.1021/acs-macromol .9b02298




2019

(DArP) 2019
OM News 82 87
DOI
71
—Tt 2018
( ) 1031 1032
DOI
19 9
68
2019

85

2019




4 MAIRS

2019

67

2018

Masayuki Wakioka, Fumiyuki Ozawa

Highly Selective Direct Arylation Polymerization Catalysts for the Synthesis of 1 -Conjugated Polymers with Least Defect
Formation

The 28th International Conference on Organometallic Chemistry

2018

1,2- DA FET

67

2018




65

2018

1,2- DA

122

2018

Masayuki Wakioka, Natsumi Yamashita, Naohiro Torii, Hazuki Morita, Nobuko Ichihara, Fumiyuki Ozawa

Highly Efficient Palladium Catalysts for Precise Synthesis of Donor-Acceptor Conjugated Polymers via Direct Arylation
Polymerization (DArP)

The 12th SPSJ International Polymer Conference (1PC2018)

2018

1,2- DA

3 pMAIRS

2018




1,2- DA

98
2018
98
2018
s
29 2
2018
T
4

2017




120

2017

64

2017

Masayuki Wakioka, Fumiyuki Ozawa

Mixed-Ligand Palladium Catalysts for Highly Selective Direct Arylation Polymerization

International Symposium on Pure & Applied Chemistry 2017 (ISPAC 2017)

2017

DA

66

2017




Masayuki Wakioka

Direct Arylation Polymerization: A Simple Yet Highly Precise Method for the Synthesis of 1t -Conjugated Polymers

The 1st Germany-Japan-China Joint Workshop on Extremely Large pi-Systems

2019




