AT B 6%

Yu Tokita, Masaru Katoh, Yoshihiro Ohta, Tsutomu Yokozawa: Mechanistic Investigation of Catalyst-Transfer
Suzuki-Miyaura Condensation Polymerization of Thiophene-Pyridine Biaryl Monomer With the Aid of Model
Reactions; Chem. Eur. J., 22 (48) 17436-17444 (2016).

Yu Tokita, Kotaro Sugawara, Riho Awayama, Yoshihiro Ohta, Tsutomu Yokozawa: Synthesis of Molecular-
Weight-Controlled Polyfluorene with Boronate at One End; J. Polym. Sci., Part A: Polym. Chem., 57 (24) 2498-
2504 (2019).

Yu Tokita, Masaru Kafoh, Kentaro Kosaka, Yoshihiro Ohta, Tsutomu Yokozawa: Precision synthesis of a
fluorene-thiophene alternating copolymer by means of the Suzuki-Miyaura catalyst-transfer condensation
polymerization: the importance of the position of an alkyl substituent on thiophene of the biaryl monomer to
suppress disproportionation; Polym. Chem., 12 (48) 7065-7072 (2021).

Yu Tokita, Tatsuya Uchida, Takeru Kamigawara, Kenta Hoka, Reo Nitto, Yoshihiro Ohta, and Tsutomu
Yokozawa: Tandem Kumada-Tamao catalyst-transfer condensation polymerization and  Suzuki-
Miyaura coupling for the synthesis of end-functionalized poly(3-hexylthiophene); Chem. Commun., 59 (88)
13139-13142 (2023).






2E

DSy FNBEEFRIA LT # ERRGEERZTO
RME (LR L ORBELEESEORE S K
RPH

HARESTITESN., LR ERT 2 LN DA S A A — RROKBGEM, A
BIE 5L VRF R EDFET AL ZA~OSH, ERLICHR T EEPEACITOR T
2, HEET A ZAOMEREICBWT, AVAESTFOS TR TERAM, RinfEs L0
BRI R X R EEBr 525, NBRAEREESTHOMY &5 FEROWEELT
EBICADLR Y, —KEEMEBICHB SN EESBPLEL SIND,

—F . YBREOEEIY Grignard MAX VYNV F AT = ) v —ITiEE LT
Ni(dppp)Cl & V= RBE-ERY v 7V v/ BEAPEHBEAHFNTET L, A TRB LU
TEAHEOEF SN P3HT MEONh 22 L2 R Lk, ZOEAHEIL 0 M Ni fildt
NERED ¢ EEICEMN LR ORERNO C-Br A~ o THBE L TETTLH
P B AN LT (B EENES EA (CTCP), & HIC Pd fildltd A\ o gAR-EH A
o7V FEACBWTS Pd filllt (BusPPd) % VT CTCP ZEER L, n £EREST
OFT-IREHEE LTERE STV,

CTCP |z PBHiE L 7= FZe i N MIc T T 5 b D, CTCP (i FTREZREET BERT
) 2 — SRR BRI T ARIIMREN TH B, fEH-ER CTCP HORIMERER
ik, BIEEOEVRAE (Grignard RE) TRD B2, WHME, KKREEED D HKin
HIEFIB L OEREE L FEEE R 2 L3, #lEShicn EFRAREGLFT X7 7T ¥ —
BT BARRRIC KX R E b DT EE X, ARROE—DRML L, £, RinHf
1EF & UCEABEMGEAe, R v—AEATEE, BECHEShETry 7kE
LR BLIENTED, o, 1 EBRJARAELESEOEBEERICE L TIX, (MERH
W CESTFROMY 45 EEROEEE TERICAN L —KEEDOHBE b LEL SN D,
REEEEHENEN 72 ZHFR AB £/ v—0 CICP CH L CO#MEIIH D2, BESE
12 F O FHRBENCEET 5 MR REHI OV THEIIRER D, © ERRRAELEAED
EaR AR DT T, filf L B, S IS DS FNBEIZEB OB ERA LML,
BENT-ERHRESEEE RVEREES. BT A AERTD o FERREHK
EAEBIT BHEEBOBIREME L, SORHMEALICHFSTHILNTEDLEER,
TNEAHREOE OB L L,

EoETIE. FERBRn VBT AT VEEZE TS o HERESFERBRNICRE LD,
BR-EHED v TV v TWER NG DT LT Ul L RKigE LR L L TR e VIR AT )V
RHAWTIAL LY AB B v —DBA-BHRY v 7Y Vv IBEEEHRE L, TORE, i
HSBIEEDE S Pd 7 U2 AT 5 2 L T, PnB/ALARBORY v— 2B/, EE






PR I BT, KA PinB/PA(L)-X CTHFELEMRICHEML TH Y, DS FH
BB Z o T EEEAETL T3 2 EBRRRINT,

BT T, RRA-ERMEBHESRPICEER 0 VBB L OEERRZIRNT 52 &
CED8AR-EHA v 7Y e AW RWERBEIZIOW TR L, FA7=2F/ <
—@ Pd-PEPPSI-IPr % AV 7= fEH-ER CTCP %, HE L L TKPOLZ7 J—/ A r g
AT E =R 5 L 3 BT P3HT DIEE A EORMAR e VERH D CF3-CeHy
ELdZtzRHLE, ZoOMERAx 2T ) —ARa B XTI XD P3HT MRmE~
DEREENIRIIL, S5ICE, FRBR e VBB AT VEETERY A X7V )VEER
F)v & DRIHIZ X 2 T ,PMMA-b-P3HT-b-PMMA @ + U 7' a v 7 LB ERIREICHE 2
T BT ET,

BNETIE, o EERRALESGEOBHEERE BN E L, IV -FFT7 =0 TF
FROMBBENCE T AMAEETRoTe, BT NVRIGHOMENIE ) DU hbFFT7 =
ICRIRWICBEIT 5 Z L2 LN L, ZHEK AB £/ v —ORGFHER 2Bz, ThiZ
HESW AB £/ v —DOSAR-BHD v )V SBEARTRIIR LEKRES ThoTz, B
AR TR T A 7 = VR BICENL T Z L T Y PURAGFRBEI T
PRPEEMLTCLEI Z L EETARBICE > THLMNIZ LT,

WHE T, MEBERIRER I NA V- TF A7 =V TERRET ) ~—OMA-BERY v
VU 7ERICEALTHRE L., ETAVRMICRERICESE, ABE/~—%2 &L T, Pd B
WA R WTESAR-BHY y 7YV TEAEERLIEL 25, B TFHFELORELAE D
h, BEAEOHIENPERECTCH Tz, LHLaens, RINEMHEST IS 2 Ad CLFEE
BT HZ L CTHEHEAMNRIA L, SDEFA T2 BIOTIALF L EDY/NY
Tuay s XBEBEEHEH LT,

BEARBETIE, RIEL LTAMADE LD LABDORERZ IR,






Abstract

End-functionalization of m-conjugated polymers
and precision synthesis of alternating copolymers through intramolecular catalyst
transfer

Yu Tokita

Aromatic Tt-conjugated polymers are an attractive class of materials due to their potential
applications in electronic devices such as organic light emitting diodes, photovoltaic cells, and field
effect transistors. These polymers have generally been synthesized by conventional
polycondensation with a metal catalyst, and this approach can not afford well-defined polymers.
However, we have developed catalyst-transfer condensation polymerization (CTCP) and obtained
n-conjugated polymers with controlled molecular weight, low polydispersity, and defined end
groups. In the present doctor thesis, end-functionalization of m-conjugated polymers and synthesis of
well-defined alternating copolymers by means of Suzuki-Miyaura CTCP were investigated.

In chapter 2, the synthesis of polyfluorene with a boronic acid ester moiety (PinB) at one end was
investigated. Suzuki-Miyaura coupling polymerization of AB-type fluorine monomer with a Pd(0)
precatalyst in the presence of pinacol 4-trifluoromethylphenyl (PhCFs;) boronate as a chain
terminator was conducted. Among the Pd(0) precatalysts examined, AmPhosPd G2 and
cataCXiumAPd G3 afforded the desired polyfluorene with PinB/PhCF3 ends. The polymerization
proceeded in a chain-growth polymerization manner from the Br site of the monomer until the
middle stage, although the molecular weight distribution of the obtained polymers was broad.

In chapter 3, tandem Kumada-Tamao CTCP and Suzuki-Miyaura end-functionalization with
pinacol arylboronate was investigated as a versatile synthetic method for P3HT with a base-sensitive
functional group at both ends. It turned out that PEPPSI-IPr catalyst was effective for both
Kumada-Tamao CTCP and Suzuki—Miyaura end-functionalization. Accordingly, the polymerization
for the synthesis of P3HT under anhydrous conditions and end-functionalization with arylboronic
acid ester in the presence of water was able to be successively carried out in one pot. When PMMA
with a boronic acid ester moiety at one end was used as a boronic acid ester for end-functionalization,
PMMA-b-P3HT-b-PMMA triblock copolymer was selectively obtained.

In chapter 4, Suzuki-Miyaura CTCP of thiophene (Th)-pyridine(Py) biaryl monomer with a
BusP-ligated Pd initiator was investigated. BPin and Br were introduced into Py and Th in the
monomer, respectively on the basis of the results of model reactions of X-Py-Th-X’ with
phenylboronic acid ester, indicating that the Pd catalyst was prone to undergo intramolecular transfer
from acceptor Py to donor Th. However, the polymerization showed step-growth polymerization
behavior. This unexpected result arose from the tendency of the Pd catalyst, which was prone to
move to the Th ring after reductive elimination of the polymer-Th-Pd-Py-monomer unit, followed by
intermolecular catalyst transfer.

In chapter 5, Suzuki-Miyaura coupling polymerization of PinB-fluorene-thiophene-Br biaryl
monomer was investigated instead of the biaryl monomer in chapter 4. In contrast to the case of the
polymerization in chapter 4, this monomer underwent CTCP with an AmPhos Pd initiator to yield
well-defined poly(fluorene-alt-thiophene). This polymerization enabled us to synthesize a variety of
di/triblock copolymers by successive CTCP using PinB-fluorene-thiophene-Br, fluorene monomer,

and thiophene monomer.
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temperature in THF/water.

Scheme 2-1-1. Polymerization of 1 with Pd precatalyst in the presence of 2, CsF/18-crown-6 at room
i
X-Pd-NH,

§ O ,,O
Paprabhinlyst. - L: ﬁx\i/k S\(?k E_ P"EB @ ©

G2: X=Cl i SPhosPd G2 XPhosPd G2
G3: X = 0SO,CH, tBugPPd G2 AmPhosPd G2 cataCXiumAPd G3 0s

Chart 2-1-1.

15



AN AR
2-2-1 BusPPd G2 AW/ EA
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ATHA LERICKRIGFEEROR o VERREEZ M 2 L, T Uil s £/ <~ —DNEERIG
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Scheme 2-2-1. Polymerization of 1 with /BusPPd G2 in the presence of 2, CsF/18-crown-6 at room

1Bu,PPd G2

temperature in THF/water.

FOSFETERKIM TR I OT7 VI FHE T CITo7, BusPPd G2, 18-7 T 7 -6-=
—7 v, I ikt U L% THF LZARBKICHEMEE, 1 REIE L, T2~ 1 BLW
2 @ THF #iREMZ 1 REER CHEE Uiz, fafiib7 e =7 2KEREMA, %0
HEATolztk, 7 aafVb/A L ) — &k ROCTHRBREMEIT, A% ) — VRIS HEEG
Ef% IR 58% TH/-, GPC, MALDI-TOFMS Z#HIZE L, HFEB IS FESM., K
SIS DT &2 4T 72 5 72 GPC D My=6110, My/My =191 OFEHFEENG SN &
%R L7 (Figure 2-2-1A),
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(A) (B) o o o
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0) e
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Figure 2-2-1. (A) GPC profile and (B) MALDI-TOF-MS spectrum of product obtained by the
polymerization of 1 with 12.5 mol% of /BusPPd G2 in the presence of 12.5 mol% of 2, CsF (4.0 equiv),
and 18-crown-6 (8.0 equiv) at room temperature in THF ([2]o = 0.0044 M) and water (THF/water =
25/1, v/v) for 1 h, followed by quenching with NH4Cl (M, = 6110, M,/M, =1.91).

MALDI-TOF MS i, PinB/ PhCF; R E b —27 & LTHBIM S/ (Figure 2-2-1B),
L7=2o T, BwPPd 130 FABENE L CEEEANEITL WD I ARSI N, Ly
L™ 6, w4 F—¥r—2 & LT PinB/H, biPhNHy/PhCF3 MBI S 7=,

2-2-2 AmPhosPd G2 Z AW/ EA
KIZ AmPhos Pd G2 Z W CRIEROEA #1T > 7 (Scheme 2-2-2),

1 R7TR 0,
AmPhosPd G2 —=218:-crown 6 . B O'O O CFs3
THF/H,0 o o i

Scheme 2-2-2. Polymerization of 1 with AmPhosPd G2 in the presence of 2, CsF/18-crown-6 at room

temperature in THF/water.
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FIGIIETERIM TR L OT VI U FER T CIT>72, AmPhosPd G2, 18-7 T 7 /-6-
T—T )N, 7ot U L%E THF LARREKICEM I, 1 BFEEEIE L., 22~ 1 BX
O 2 @ THF @iR%ZMA | KSR O L, fafnfib T V=0 skmiRE Mz, %
R ZAToct%, ZaafRVh/A X ) —NEROCCTHRBIEREIT, A X ) — )VREE
BEEZIE 43% TH7-, GPC, MALDI-TOF MS Z#JIE L, &L IO F'B45T.,
Rt IE DRIT 21T 2 o 72 GPC 1D My=7250, My/My=1.89 DEN T-BIENE LN Z
& =R L7z (Figure 2-2-2A),

A B
(A) ® .
O: PinB/PhCF,
of: biPhNH,/PhCF,
o @®: PinB/H
@)
@)
O
O
‘ z O @) 0O
3 5 7 9 11 I Ll b Sl e t l l\

1500 2000 2500 3000 3500 4000 4500

elution time (min) Mass/Charge

Figure 2-2-2. (A) GPC profile and (B) MALDI-TOF-MS specrrum of product obtained by the
polymerization of 1 with 12.5 mol% of AmPhosPd G2 in the presence of 12.5 mol% of 2, CsF (4.0
equiv), and 18-crown-6 (8.0 equiv) at room temperature in THF ([1]o = 0.0044 M) and water
(THF/water = 25/1, v/v) for 1 h, followed by quenching with NH4CI (M, = 7250, My/M, =1.89).

MALDI-TOF MS Ti&, PinB/ PhCF; KifiAEL—2 & L TBIMl S/ (Figure 2-2-2B), L
72h 5T, AmPhosPd G2 135 FN#E % L CHSEAMNEITLTWVD Z ENRB ST,
BwPPdG2 Z AW EEG LT DL~ A F—E— 7 OWMEIINR VNI o TR,
AmPhosPd it 573 X 0 3&IRIZ BHAY & L7 PinB/PhCF; RIS AERK LT3 Z & A4y
Mo T,
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Flho, B/ v —REZEXZTCEEOTo7, MIHIA&T 1 I LT 125 mol% TITW
([11/[Pd]o/[2]0 = 8/1/1), JRFEIT_EFEDOERA 44 mM 725720 T, 22mM, 3.3 mM, 6.6 mM,
88mM TEAZIT-oM, £z, IBHETH D THF OBOLEFER L CREZFE L, 2
B, 2TAY ) —VTORBKERET oIz B ONERIE, 5FELIBTHD (Table 2-
2-1),

Table 2-2-1. Effect of monomer concetration.?

entry [Mlo(mM)  vyield (%) My© M/ M©
1 4.4 43 7250 1.89
2 2.2 34 6310 2.02
3 3.3 23 7240 2.05
4 6.6 37 . 7580 2.08
5 8.8 39 8250 2.07

a) Polymerization of 1 was carried out with 12.5 mol% of AmPhosPd G2 in the presence
of 12.5 mol% of 2 at room temperature in THF/H2O for 1 h. b) Isolated yield. c) Determined
by GPC based on polystyrene standards (eluent: CHCls)

Table2-2-1 £V, RN KZVONR [1J=44mM THDHZ LD, HSEICBN TS
—FPNZ Lot REZELS T2 L TRY v —RLORSEHE, A ~v—%42
CHRIGE ER & RS WKL 22D BTN, B LTHRALTYH (1) =44 mM
EHB L THBITEND Z ERbhrote, TOZEND, [1=44mM BEbERVESS
HThHd I ENRBINT,

'2-2-3 cataCXiumAPd G3 % W= EE
KIT cataCXiumAPd G3 % W CRERDES %17 > 72 (Scheme 2-2-3),

1 R™ R 0, '
cataCXiumAPd G3 —CSh18-CIOWN6 o » | B O O O CFy
THF/H,0 . o -

Scheme 2-2-3. Polymerization of 1 with cataCXiumAPd G2 in the presence of 2, CsF/18-crown-6 at

room temperature in THF/water.
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RIS ETERKIR TR LT VTR T TIT> 72, cataCXiumAPdG3, 18-7 5 7y
6-T—7 b, 7otk v LAk THF LARBKIEMIE, | BB LEZ, T2~1 58
LU0 2 O THF WilE M, 1 RERIEIR TR s, SOFIHAL 7 o B = & AKIIRA X .
BB EATSTcth, 7 aafRVb/AS ) — VRO TIBREREIT, A ¥ ) — LRRE
HEREEZIE 32% T/ 72, GPC, MALDI-TOFMS #IE L. 5 788 L OV F-8457.
RIGHEE DT 21T 72 572, GPC 2D M,=6970, My/My=1.84 DES FRIENE SN 2
L &R L7 (Figure 2-2-3A),
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Figure 2-2-3. (A) GPC profile and (B) MALDI-TOF-MS specrrum of product obtained by the
polymerization of 1 with 12.5 mol% of cataCXiumAPd G3 in the presence of 12.5 mol% of 2, CsF
(4.0 equiv), and 18-crown-6 (8.0 equiv) at room temperature in THF ([2]o = 0.0044 M) and water
(THF/water = 25/1, v/v) for 1 h, followed by quenching with NH4Cl (M, = 6970, M,/M, =1.84).

MALDI-TOFMS Tid, 1&i¥ PinB/PhCFs " —7 723 3Bl S 7= (Figure 2-2-3B), it~ T,
cataCXiumA Pd &3 FNBEIZ L GESHEADSEIT L TWD Z ENRBEhiz, <A F—
E'—71% AmPhosPd G2 XV X5 IT/hEL o T,

Fio, B/ v —REZEZATEA T/, MBHIET 1 IZX LT 12,5 mol% TTW
([11o/[Pd]o/[2]0=8/1/1), ¥REEIX EFRDOFEERN 44mM 72D T, 22mM, 3.3mM, 6.6mM. 8.8
mM CTHEZ{To7, /o, At THD THF OBOLEZEE L CEREL KL, 2B,
ETAL ) =NV TOLRBRER AT > T2 OB, 5 FBERLHBTH S (Table2-2-2),
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Table 2-2-2. Effect of monomer concetration.2

entry 1o (MM)  yield (%)® My© Ml M:©
1 4.4 32 6980 1.84
2 22 89 5350 1.87
3 3.3 28 7710 2.08
4 6.6 24 8580 2.02
5 8.8 23 7090 1.96

a) Polymerization of 1 was carried out with 12.5 mol% of cataCXiumPd G3 in the presence
of 12.5 mol% of 2 at room temperature in THF/H-O for 1 h. b) Isolated yield. ¢) Determined
by GPC based on polystyrene standards (eluent: CHCls)

Table 4-5-2 Z R CH B &, [1]o =22 mM OUERMPIEFIZKE WV, LrL, BETHD
CHCl3 [T 720 2 & B RIECHVW: KCl BRA LD EBbh, 0l %%
B oL, mOBEERKEVON [1)p=44mM THD Z NN, FEBICEBNTH—F
PN ERbhot, RELZ#LTHZETRY~—REORIGEHE, R v—%22TK
PREIRK L RS SEABAHL B e BEX -, B LTHRLTH [1=44mM &
L CHBITIER D Z B bhrolz, ZOZEMND, [1o=44 mM Db RVWEARSEMGT
HDH T ENRERINT,

2-2-4 XPhosPd G2 # H\W /- EHE
WIZ XPhosPd G2 % AW C[RIBEDEA 1T > 7= (Scheme 2-2-4),

1 R 'R O, '
XPhosPd G2 CsF, 18-crown-6 . > 'B O O O CF,
THF/H,0 o 1) £

Scheme 2-2-4. Polymerization of 1 with XPhosPd G2 in the presence of 2, CsF/18-crown-6 at room

temperature in THF/water.
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FISIEETERRM TR LT VI FEHK T TITo7, XPhosPd G2, 18-7 5 7 L -6-T

—7 N, 7yttt v v A% THF LRBKICHEMGSE, 1 FRER L, 22~ 1 BXO 2

? THF @iRzZMA | ReER ORI Lo, faffby v e=v AKEREZ M, %o

EATolctR, 7 mudmV A/ RAE ) —VE RO TIREBRER ATV, A% ) — L REHmEGHE

&% IR 8.5% THF/-, GPC, MALDI-TOFMS #HIE L. HFEB L O FESM. K

WS DI 21T 72 572, GPC 225 M,=3670, My/My=1.44 DESFREENEBONI-Z L%
8 L7 (Figure 2-2-4A),

(A) (B)

Q: PinB/PhCF,
®) afs: biPhNH,/PhCF,
| @®: PinB/H

?

gyl

O ]T!GSS/‘flﬁalge e
.'"' a O
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elution time (min) 1500 2000 2500 3000 3500 4000 4500
Mass/Charge

Figure 2-2-4. (A) GPC profile and (B) MALDI-TOF-MS specrrum of product obtained by the

polymerization of 1 with 12.5 mol% of XPhosPd G2 in the presence of 12.5 mol% of 2, CsF (4.0
equiv), and 18-crown-6 (8.0 equiv) at room temperature in THF ([2]o = 0.0044 M) and water
(THF/water = 25/1, v/v) for 1 h, followed by quenching with NH4Cl (M, = 3670, My/M, =1.44).

MALDI-TOFMS %78 L7 & Z % PinB/PhCF; K% F&°—2 & L CBUM L 7= (Figure 2-
2-4B), MALDI-TOF-MS Dfiftfrfi R L ¥V XPhosPd G2 1343 F B8 Z L TV % A%, BPin/H,
biPhNH»/CF3Ph, BPin/H DD ' —2 & /645 %, PinB/PhCF; Kifiz FFomR Y < —M»
BRERICE > THONIZZ ERRB ST, ZOFELMOMEE & ik U T il ok
PENZ L5,
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2-2-5 SPhosPd G2 Z W EA
RIZ SPhosPd G2 % W CRIEEDEA & 1T > 7= (Scheme 2-2-5),

G w
1 AR N0
CsF, 18-crown-6 *
o8 THF/H,0 ’j:o' m ’

o=
(0]
Do
(@)
2

Scheme 2-2-5. Polymerization of 1 with SPhosPd G2 in the presence of 2, CsF/18-crown-6 at room

~_ o

temperature in THF/water.

PGSR TERRI T LT VT FHKAT TCfTo7, SPhosPdG2, 18-7 7 U V/-6-T—
TN, 7oty U L% THF EZARRKICEMSE, 1 REHEBRLZ, T2~ 1 BX0 2
@ THF iRzEMx 1 BEERCHER L, ik 7 =0 KR EMA ., HBAH
BATo 1M, ZnaRV /A Y ) =& AOCIRBRRM ATV, A ¥ ) — VR AE
K% INFE 12% TH/=, GPC, MALDI-TOFMS ##I7E L, /T &K L0078, A
B DRI #1772 572, GPC 235 My=3590, My/My=1.44 OENTEBENGONI-Z L%
feR8 L7z (Figure 2-2-5A),

(A) (B)

O
‘; O
O: PinB/PhCF,
+: biPhNH,/PhCF
O @: PinB/H ?
i 1
o]
| 2l ?
) 2
| | ‘
O
| ? ,.L VIJJ-.__A*___
‘O ? O ﬁlzaosgfcharge e
3000 3500

3 5 7 9 i

T e 5 2000 2500
elution time (min) 1500 000 500

4000
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Figure 2-2-5. (A) GPC profile and (B) MALDI-TOF-MS specrrum of product obtained by the
polymerization of 1 with 12.5 mol% of SPhosPd G2 in the presence of 12.5 mol% of 2, CsF (4.0
equiv), and 18-crown-6 (8.0 equiv) at room temperature in THF ([2]o = 0.0044 M) and water
(THF/water = 25/1, v/v) for 1 h, followed by quenching with NH4Cl (M, = 3590, M./M, =1.44).
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MALDI-TOF MS % 8 L7 & Z 5 PinB/PhCF3 RK¥ga A A ' — 27 ¢ LCHHA L=
(Figure 2-2-5B), L2>L., BPin/H ZDfio v —27 4 R 5 5%, PinB/PhCFs K% R
U~ —DBRERICE > TERLIZZ EDRBRINTZ, T OFD o filih & ik Uik

IERBEIREDMENZ &b 5,

Table 2-2-3. Polymerization of 1 with Pd precatalyst and 2

entry  catalyst yield (%) M© M/ M:©
1 BusPPd G2 58 6110 1.91
2 XPhosPd G2 9 3670 1.44
3 SPhosPd G2 12 3590 1.44
4 AmPhosPd G2 43 7250 1.89
5 cataCXiumAPd G3 32 6970 1.84

a) Polymerization of 1 was carried out with 12.5 mol% of Pd precatalyst in the presence of

12.5 mol% of 2 at room temperature in THF/H2O for 1 h. b) Isolated yield. ¢) Determined

by GPC based on polystyrene standards (eluent. CHCls)

fillit = & Doy B L Sy EROFE R A Ll L7z (Table 2-2-3), XPhos 33 X T SPhos 1345 &
LULRAME N, o KW H A A > B —2 @ PinB/PhCF; (2% T PinB/H, biPhNH2/PhCFs,
BPin/Br DD —27 & R OND2FNLHTFRBE LICL <, BREAICL > CTHA N
T AR L7z, —J7. BusP, AmPhos, cataCXiumA 2B W TIEDTFEN KX Kt
AA B =2 ® PinB/ PhCF; 727 THHENLHTHBE L9 <, BHEAHKIC L -
THEDMEDFER DM o7z, o, IWRICBWTIE BuPPdG2 2N —%F & < . AmPhosPd G2
MEIUICHEE | cataCXiumAPd G3 2% 3 DOfIEDHF T—FKIENZ & b o Tz,

24



B EEAE

2-3-1 AmPhosPd G2 {ZT 5 E / v —lhD G FE~DFE

kT 5 ) v — A EE LIEOS T RS AHMOBIER D720, &§ 2 ko
7 Uit C— Bl E) L °9Vy AmPhosPd G2 & E /= —IZxf LT 20, 12.5, 10, 6.7 mol%
AWTEAZITV., TOEBEZRSLZ LI Lz, £, KIREEAIOR o 2 BRIl
LB (Scheme 2-2-2), MIGIIETERRM FBLOT VIV FEHE T CITo 72,
AmPhosPd G2, 18-7 T U 1 -6-=—7 )b, 7 vt U L% THF LZARKICHEMR S, 1 K
R L7, 22~ 1 BXV 2 O THF ®WiREMA 1 RefE=IR CHEE L, faff(b”
VRS LK EIMA, RO EIT ook, HEBREEZEZ, GPC ZREL., HFER
FODTFESMERE Uz, &l Olicxt+ 2% GPC IEHEIRB X OSF&, T &%
MELUTICE & D7 (Figure 2-3-1), YEPHEI DI ONDTFEBARONVITHZ TV
Z &M b, AmPhosPd G2 DRRIERBENN LF BTk Y, BEEHEANEATND LEZLD
N, LU, G FEOEIMIENSEH IR RoTWnEHEZ h b, RY v—FEtDh v
Yo 7bitEcng L Ebhd,

14000 P S—— - — - —— i et — - ”,i 7
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Figure 2-3-1. M, and My/M, values of PF8 as the feed ratio of 1 to AmPhosPd G2.

Lol k3 5E/ ~—th% 15 YR CEA L URLED TREE A Y ) —VILE
WX VR L, MALDI-TOFMS % f#8 L7 & Z A PinB/PhCF; Kz A A E—27 & LT
B L7 (Figure 2-3-2), Z4UdAKE LTV % PinB/ PFI-Pd-Br KR U = —IZ PinB/ PhCF;
KGR Y ~—034 7V 27 LT PinB/ PhCF3 K¥A Vv~ —nAERT 5720 L Bbhd,
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Figure 2-3-2. MALDI-TOF-MS spectrum of product obtained by the polymerization of 1 with 6.7
mol% of AmPhosPd G2 in the presence of 6.7 mol% of 2, CsF (4.0 equiv), and 18-crown-6 (8.0 equiv)
at room temperature in THF ([2]o = 0.0044 M) and water (THF/water = 25/1, v/v) for 1 h, followed
by quenching with NH4Cl (M, = 11900, M/M, =2.55).

2-3-2 XPhosPd G2 |ZKf4 5 E /) v —th Doy T E~DFE

PR 2 E )~ — BB R LIEROS FEOSHOE(LET D70, REA Tt
BEDNFHBEMNALEZ > TV DD T — 4 2 M5 FL B E LT, S rHBE L
K9V XPhosPd G2 7 Vil % AV CE /) ~— L DO H5AZ L 2 T L CEAZ{TV,
ZOEBHERDZLIC L, £, RELEROR o BRI & SBA VW
(Scheme 2-2-4), ST L TEZLRM FTBLOT VI U FEHR T TIT -7, AmPhosPd G2,
18- 70 v-6-=—F ), 7ot U L%k THF LARBKICEMRSE, 1 BREE L,
ZZ~1FBXU 2 ® THF WIKREMA 1 R EER CHRIE L7z, fafisfb7 =7 LK
IR 2 N A BILPE AEKREZ B2, GPC ZME L, » TERB L OO TEAMEHH LT,
HfhgE2 DI 2 GPC EH#i#s L O &, S FESHEZLUTIZE L i (Figure
21313),

26



) |
2500 N 6
Y L ]
2000 ° ° 415 <
S 1500 14 3
=
1000 {13
,———-b
500 ° 2
o
6 & . © 4 R R
0 4 8 12 16
[1]o/[XPhosPd],

Figure 2-3-3. M, and M. /M, values of PF8 as the feed ratio of 1 to XPhosPd G2.

ZTOFER, YEZHEPLPLTHOHFENRDLF VM ULRWZ 226, XPhosPd G2 (Xl
N EFERE P, FICBREADEATND Z ERbhoTz,

2-3-3 cataCXiumPd G3 |ZX4 5€ / v —lh Doy FE~DFE

& 512, MALDI-TOF-MS TOREIZIVT, feb HO PinB/PhCF; MNERIZHEHH
72 cataCXiumAPd G3 % VW TRIBRIC 1/Pd LIS T 50 FEOEKICTHOW TN, Fio,
RUMEIEFIO R v o FR SRl & SR/, RIS TERIM FBLOT VI U F
P& T CiT- 7z, cataCXiumPd G3, 18-7 7 UV -6-=—T /)b, 7 vib& I 7 A% THF k7K
KRR S, 1 FERIBEHER L7- (Scheme2-2-3), £Z~ 1 8Lt 2 @ THF #&iREMz
1 BRRASIR O LT, fafE(LT B =0 KRR Z N A, B 21T 2%, RAEK
#8572, GPC ZR|E L, HFEBIOSFEOMERE Lic, £iE/1 Okizxd4 2% GPC
BB L O &, S FESMELLTICE Lol (Figure 2-3-4),

12000 7
e
10000 | 16
[ ]
8000 | ‘e 15 .
c S
S 6000 i 4 §
4000 Y S 13
o
2000 & ° o 15
0 : 1
0 4 8 12 16
[1]o/[cataCXiumAPd],

Figure 2-3-4. M, and M,,/M, values of PF8 as the feed ratio of 1 to cataCXiumAPd G3.
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T/ 2T L il A 6.7 mol% TEALTCEIEENFEEEZAZ ) —A%BIC LY
FEH L, MALDI-TOFMS %WR L7-& Z A PinB/PhCFs K%z A A B —27 & LCEHIL
7z (Figure 2-3-5),
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Figure 2-3-5. MALDI-TOF-MS spectrum of product obtained by the polymerization of 1 with 6.7
mol% of cataCXiumAPd G3 in the presence of 6.7 mol% of 2, CsF (4.0 equiv), and 18-crown-6 (8.0
equiv) at room temperature in THF ([2]o = 0.0044 M) and water (THF/water = 25/1, v/v) for 1 h,
followed by quenching with NH4Cl (M, = 10700, M/M, =2.40).

L2>L. Figure 2-3-4 TlE, £/ = —IZK LTOHFEDOHENMA AmPhosPd G2 DHE
LHB L ThEholz, ZHUL, MBI 2 ) v~ —HIVNSWBEETH R Y ~—R Lo
FISHEE T, FFENBKREL 2D EEbRh5,

2-3-4 HEEEEVEO MR

HEWRZ B%27 2 7-% AmPhosPd G2, cataCXiumA Pd G3, XPhosPd G2 % AV % EEIT
DWTHALRIZHT D FREEDTENHiZ 71 v b LT- (Figure 2-3-6), ZDfEHE. B
FHOMPEDLGEITL, LR 60%1F & F CHERLRICH L TAFRIZERBICHEML, 0
BATEIIEDLT, BBIZD LI Lz (Figure2-3-6a,b), - T, EAHHIE CliBey
HAEZEBEZR LI, —F . XPhosPd G2 DAY, BELFE60%IEE L THFRITIFL AL
IS, DR FENEINT HFKREAZBE) %2R L7- (Figure 2-3-6¢),
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Figure 2-3-6. M, and M, /M, values of polyfluorene, obtained by polymerization of 1 with 20 mol %
of Pd catalyst and 2, as a function of conversion of 1: (A) AmPhos Pd G2, (B) cataCXium A Pd G3,
and (C) XPhos Pd G2.

2-3-5 FEH D=5 AR bt AT

UbEofRELy, Mitos +ABE LK 7 LAkl (/BuPPd, AmPhosPd,
cataCXiumAPd) # 7= 1 @ 2 HFHETOERICBWT, Kiix BB TH 5 PinB/PhCFs
W L, AmPhosPd 3 XY cataCXiumAPd [3filit & € /) v — b 2 ZE 2 5 F CThHFEOH
EARTELZEEZHELMNCLE, LHL, AEAICBWT, S FREBIUOKREOHIENTE S
HAMEZHAOLNICTETELT, INEHEMT LT, BEETOE/ ~v— 1 BLY
RIGE LA 2 OFBZEMICE S BERH D, T2 T, BEBRPOKIMEHEL MALDI-
TOF-MS THHT L7z, BEASMEIL [1]/[AmPhosPd G2]o/[210=5/1/1 & L7z, EABLA 5, 30
SR THEY -2 X3 TIZ PinB/PhCF3 Tholo, EE—7 LI L THEFRE/NS <
PinB/H KIaA Bl S iz, 60 53035 33 Kff# (1980 43) F£ T, EE—72 (3 PinB/PhCF; 2°
SREEHR < B S 7z (Figure 2-3-7), BEAPIMIBEMICB W TE, AEGORRRIGH THD
Z & &Y PinB/H KIBPHER CE M, ThLBEZ < bTFMnc 2, 3 BiED PinB/H 23
BTXHRETHY, ISTEMEFEN 2 Lo TH LS, Wb 53 AR
(PinB/PhCF3) BNAEARTICEBIFEL TND I &R oT,
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Figure 2-3-7. MALDI-TOF MS of product obtained by the polymerization of 1 with 20 mol% of
AmPhosPd G2 in the presence of 20 mol% of 2, CsF (4.0 equiv), and 18-crown-6 (8.0 equiv) at room
temperature in THF ([2]o = 0.0044 M) and water (THF/water = 25/1, v/v) for (A) 5 min (M, = 3630,
My/My, =1.78), and (B) 33 h (M, = 4610, My/M, = 2.09).

—77, cataCXiumA Pd G3 DA 1%, EAWHIT PinB/PhCF; KN FE L —27 Th o 7278,
Br/Br R £ — 27 LB S 4L (Figure 2-3-8), 9 B¥IZICIZ D D v — 27 1 2[F UIREE I 7
D LT VMBSO T == V7 I RGBS - (Figure 2-3-8b), - T, #i5{k
RITHY 20 F R CILEMHE AWML R L7223, cataCXiumA Pd G3 D413 AmPhos
Pd G2 KV EIRIENRE N LB BT 572,
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(a) QO: PinB/PhCF, (b) O: PinB/PhCF,
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Figure 2-3-8. MALDI-TOF MS of products obtained by thepolymerization of 1 with 21 mol % of
cataCXium A Pd G3 in thepresence of 21 mol % of 2, CsF (4.0 equiv), and 18-crown-6 (8.0 equiv) at
room temperature in THF ([2]o = 0.0044 M) and water (THF/water = 25/1, v/v) for (A) 5 min (M, =
3830, Mw/M,=2.31) and (B) 9 h (M, = 4520, M\/M, =2.07).

2-3-6 AmPhos filifit 2 i U 72 EAH5A8 ORI

RIS DA 720y AmPhosPd G2 Z VN2 1 @ 2 HFETOEA R, WL LT 14-U~F
UNVFE X VAR BRI CRBROBIEZITVEIR T 34 KRefiift#E L7= (Scheme 2-2-2),
HEHDO 1 BLO 2 Ois{kEE GC KVHAEMBL, GPC b, TORRI L DYFEEBX
U PR ZJE Lz, BEERMICKT 2078 L0 T &M OBMR % Figure 2-3-8
WY, BEEFH U TY 7 LTHFEZHAIE LT TIE 135 2 THRARSFE (Ma=5300,
MMy =197) L7220, ZTO%ETTEH A0 0 FEITKT L7z (GPC #H T 500-800 2
E), INETOEAGBRFCITEEGHLG 60 5 CHRGEELIETWDT, ZORRNDL
EHE 60 /DS BN, RV ELEFETORIERATHL Z LAbroT
(Figure 2-3-8), E£7o. /I FEAOMITEGIMBR NG 2 BELZHMR L. BB T
bR TR OB AR R bR ST, '
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Figure 2-3-8. M, and M./M, values of PF8 as a time conversion of 1.

1 BIO 2 ORFICHT 2EEFEEZ T ay b LR E Figure2-3-9 173, HFENE
BREGICHINNT 5 E T (1 OWINE; 80%). KIifEIA 2 b 60% BREOWHH AR L1, 1
DIHENHD L 2 OEALED ER BV, 1 ORLRRN 98 % [T LR, 2 1% 77%
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Figure 2-3-9. Time-conversion values of 1 (@) and 2 (O)

Figure 2-3-6a THRL7ZL I, ZNFLE ) <— 1 ORMBICKHT 0 FEBIO
DFEPMOT 0y M 1 OELEN 80% BEICETHET, HFRIT—EHRICHML
TWLZ LD, TDH, FFEITBIDEFETORLOBERANRROND, HTF&E
DEBAIZL A ERBNZRVEE, BRERAICIE 1 OlRbRIT 98% FTELE,

I FIEA 2 DHREEZ L7 LRES LRI LT/~ —IC6d 5 thiAZ b (20mol%)
C AmPhosPd G2 DEEG % 2 ZMARNTITolz, ZOMEE, €/ ~—t{LEH 40% (30
77) ETHFRIZEMRILFAIL THEHML, ZO%SFEROBIMIV 72 I E D | BEAK
WNZHIN 2 Z & Dy hao7z (Figure2-3-10), 3 FEIX 2 Z2MA RN E & LEERTEAY)
Mo 1 FUEERE DT, £7o, DFEDMIEAPHNOH2 TH Y, EAKIICS
DACHAABIAL 72> TN T ER oz,
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Figure 2-3-10. M, and M, /M, values of polyfluorene, obtained by polymerization of 1 with 20 mol %

of AmPhos Pd G2 in the absence of 2, as a function of conversion of 1.

INLOMREMEZD L, ZOEARMFICR - 12BETIEH 203, KinlLEAVIHIBRE
IZBWT, 1 I LT FER—EREIZHEMLTHNDZ &5, PinB/PA(L)-X DIREET
ELTEY, oS FRNBEZ - DEEEADREIT LTS, LLRRL, TR
DRI T NF LD AR-EiH CTCP XV AW LD (My/My=2), minf () 3~
=) FEDH v 7Y 7B LOBMBISABEPEANICE E TWD ZEPNRREND, 1 DEE
DHEITLCOWARFTH 2 OEMEEO LR EZHE L TV D7), EEVIBREIC b RS
IEFHEITLTCNA Z ERbrol, KiF kSR ~v—BLORY v—RLDH v 7
Vo ko CRPIWCHAELE PAL) IXHICERZHBLAY Zvd Lo a2 b525, L
L., EEZBB LAY 2 (RY) Z4A L b 2 £721F PinB/PhCF; RO R Y 7
ALl Dhy 7Y I Ko TRINEHRENHEE LT & Bbivd, KimE EAEST
LT, HDEMCEYSTROBEMMAHED, SOICEAGPETTHZEI0LD 1o OET
LS THEIBBLIEEATHRONI D TRIIEAIME Y b/NEL, Z0FEE 2 i
I% PinB/PhCF3 KIGDORY ZAF Lo e DH v 7TV o ZIZ Lo TREDEIESNTLE D
2, BABMTHELNLRY IVA Ly OSTRIZE VNS, Thdd, BEE%RBIBEED
S FRICETOBABRONIZRRTH D LE X7, MALDI-TOF-MS X 0., #IiZ
PinB/PhCF3 MERIMICBIZ SN TV DX, RY 74 L OFESHNRREN L THE
<, BEABA 5 HOBPETH I TIZ PinB/PhCF3 KD &7y 1 EIAE N EE I - R EE
Y R AV (W

LA EFE & T Scheme 2-3-1 ICABHEDOUGHEMZ R LTc, 7 VAL ZEH S,
PA(O)IFEAESEIZDH, 1 O C-Br fEADRRLAMIIN, 1 LD kT A X Z Ak, &It
Biets, fREIx T A LoD o SEEICENL L HEMICHTNBEI L C-Br 2SI
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Md 5, D%, 1 F72i% PinB/C-Pd-Br KR Y 74 L L Oy v 7V o 7 BT
L. 3 FENEMNT S, AT PinB/C-Pd-Br & 2 (PinB/PhCF; REiDORY 7441 ) @
SAR-EWH 7Y K ZORY v —ICBLBININT S Z LR TE D C-Br 5N
IR IR DT HFRFUT PA0) BFAET 5,Pd0) BEAET S DITRGE L-HAdbEoh v
Y2 77213 T< | PinB/C-Pd-Br KR Y ~—F+tDHh v 7Y 72k >Th Pd0) BFE
ETDEZx LMD, BELE PA0) 1EH72IC 1 BN L BEANBIAT 5, O
A Z VDY IRSND Z EIZ XY, PinB/PhCFs RIGORY 7/A LU NERL T, =
DEAEDKERT 1 ORBHMNERITHBEIN I TH S,

I

Cethirg ~CoHir
o (=S TN
B O Pd=Br CaHhr. Cus
(¢]
n j:
/ Pd-Br
1

Intramolecular Transfer

CgHy7: CaHn CaHn CeHi7

\\g/

CgHirg CaH17 i R LA
0, I |
GO HT O
0
CaHizay CaHr
*—Pd—Br

Y

Pd CeHiz Can

L = AmPhos O Pd -
o\
-
o} CaHn CeHi7
2

o TGO s
THOON0- i

Scheme 2-3-1. Expected reaction mechanism of polymerization of 1 with Pd(L) (L:AmPhos) and 2 in
the presence of CsF/18-crown-6 in THF/HO.
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R E&®

HAEOESEFEERE LT, PhCF3 Aa VR ATV 2 OFFET, fix® Pd0) 7 Lfil
AR AB BTV A L) w— 1 OHK-BHlH v ) T EHEERTF L, £D
fE5L. AmPhos Pd G2 $ X % cataCXium A Pd G3 # i\ % Z & C, PinB/PhCF3 Kt B#Y
RY TNF Vo &/, 53 FRIT, x4 2% 7 v —lRICHA L TEMT 2 b 00,
DFESMITIEN ST, WA X2EES CIIoFESEM L CEATHE T 1 ok
ZHBI L Coa TR LTz, Zhud, AR Y ~—F84 L THTFNBE LESHRERES
BRI ETNWHZ LERET D, LA L, cataCXium A Pd G3 IZ X » CTAERL-ZEAYO
MALDI-TOF MS 1, EAHIHE L OEA %M THAD PinB/PhCF3 LIS D v — 7 A3k
WENle, £DIH, ARG PinB 285K Y 704 L 2455121%, AmPhosPd G2 A3
cataCXium A Pd G3 LY bENMECTH L Z ENALMNITR o7, 2 DIEFETTO 1
& AmPhosPdG2 DEATH, HHUEITANbOOBHE CIIEEHESZREE 2R LI/,
2 OFFEFTO AmPhos Pd G2 L DEA THILE SNIBAWAHUEL, ZHudFic, RV
~ =MDy Y T TIEHRL, RBERTHENW EBRRTH D LR L, 4%, 15
LT R R VAT NVERTHR) IVF LU BER Licfic D7 ay 7 4LHE
AEOERPHIRFIN D,
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I ERE
BusPPd G2 ZHVWVERY Z VA L DES ([1]0=0.0044 M, [1]/[Pd]o/[2]0 = 8/1/1)
FISEETERIM FTBLOT VIV FEK T CiTo7/, 20 mL 7R 75 2 a2 MET
THEAL TRz L, 7V T @8 LT, Z D%, MusPPdG2 7 LAt 4.13 mg (0.008 mmol),
18-7 7 U »-6-=—7 )L 121.67 mg (0.48 mmol), 7 > {7 A 36.1 mg (0.24 mmol) %0
A, TN EWAE L, EBRK[R T CHMEE THF 9.0 mL, 788K 0.6 mL Zi1x., BiE LT
MHT VT EHRL, | RMEER L2 BEAE L2 10mL 27 5 2 2~135.1 mg (0.061
mmol), 22.23mg(0.008 mmol) Mz, ¥R T CHME THFS.0mL Mz, BE L TH
BT NVIAER LT, & 20 mL AT T AA~AX—FZANTIMZ, 1 BESIET
R Ui, fafnfifb” VB =0 LK SmL 2Nz, Z7uaRLvaz VTt L, A1
J& & farng e b U U DOKEEHR THEV ., KRR~ 7k o L ORI S W2, E T CIASE %
BMEL ZROALZ 7 — B L TRBR L, HEEE 0.0139g (IR 583 %) 2157,
GPC. MALDI-TOF MS # il L7= (M= 6110, My/My,=1.91),

AmPhos Pd G2 V=AY 7N A LY OEA ([11=0.0044 M, [1]e/[Pd]o/[2]0 = 8/1/1)
FOSIRETERTIR FRLOT VI UFEHT T TTo7, 20 mL T A7 I 22z @ETFT
INEAL CRESE L, 7V = L LT, % D%, AmPhos Pd G2 77 Lfilifit: 4.58 mg (0.008 mmol),
18-7 7 W »-6-—7 )b 122.4 mg (0.48 mmol), 7 v{t& 7 A 352mg(0.24 mmol) &%,
TN ERE L, BRI T CHLEE THF 9.0 mL, 8K 0.6 mL 20z, BKLTHH
T ERL, 1 R L, BEEHEBE L 10 mL 7 7 23~ 1 34.6 mg (0.06
mmol), 2 2.25 mg (0.008 mmol)Z Nz, ZEHXE F T THF 5.0 mL 2%, B L Th
DT NVAERLUI., TE 20 mL TATZ7 T Aa~HX—F#HNTMZ, 1 BEREEERET
R U7z, fafniib 7 v E= v LK SmL 2%, 7 ook sz ATt L, A
J& Z Bt L Y U SOKEEIR THE, KRR~ 7 % > 7 AT S 72, BUE T Ot A
BMEL ZEDAY /=B L COFRIL  EAEER 0.0101g | IR 432 %% 157, GPC,
MALDI-TOF MS ZJI7E L7z (M, = 7250, My/M, = 1.89),

AmPhosPd G2 ZHWeARY ZAA L DEE ([1]o=0.0022 M, [1]o/[Pd]o/[2]0 = 8/1/1)
AmPhosPd G2 7" L il 4.6 mg (0.008 mmol), 18-7 7 7 >-6-=—F /L 121.9 mg (0.48 mmol),
7 vkt v A 37.2mg(0.24 mmol), 134.2mg (0.06 mmol), 2 2.2 mg (0.008 mmol), THF 28.0
mL, ZREK 0.6mL 2N 1 BFRISEIR CHiRR L1, BB ATV, HEAERE 0.008g | ILH
34% %1372, GPC, MALDI-TOF MS %I L7z (M, = 6310, Mu/M, = 2.02),
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AmPhosPd G2 ZHW /AR Y ZNVA LU OEE ([1]o=0.0033 M, [1]o/[Pd]e/[2]0 = 8/1/1)
AmPhosPd G2 7" L filift 4.7 mg (0.008 mmol), 18-7 T 7 »-6-=—7 )L 122.4 mg (0.48 mmol),
7 vk 7 A 35.9mg(0.24 mmol), 134.6 mg(0.06 mmol), 22.2mg(0.008 mmol), THF 18.6
mL, 7Z&B/K 0.6 mL Z/Nx 1 K= TR L7, %A EZITV, HEARFR 0.005g . IR
23% %4572, GPC, MALDI-TOF MS #HIE L7z (M, = 7240, My/M, = 2.05),

AmPhosPd G2 ZHW/eAR Y ZAA L OFEE ([1]o=0.0066 M, [1]0/[Pd]o/[2]0 = 8/1/1)
AmPhosPd G2 7" L it 4.6 mg (0.008 mmol), 18-7 7 7 1-6-T—7 )L 121.7 mg (0.48 mmol),

7 At 7 A 38.2mg(0.25 mmol), 135.2mg(0.06 mmol), 2 2.4 mg(0.009 mmol), THF 7.0
mL, ZREE/K 0.6mL # MM | REFIER R Lz, HBAE 21TV, FHABRK 0.009g, IR
37% %4%57-, GPC, MALDI-TOF MS % IE L7z (M= 7580, My/M,=2.08),

AmPhos Pd G2 WA Y 74 L DO EA (1= 0.0088 M, [1]o/[Pd]o/[2]0 = 8/1/1)
AmPhos Pd G2 7 L-filit. 4.6 mg (0.008 mmol), 18-7 7 ¥ »-6-=—7 /L 121.7 mg (0.48 mmol),

7 vk A 36.6 mg(0.24 mmol), 134.7mg(0.06 mmol), 2 2.2 mg(0.008 mmol), THF 10.5
mL, 7&K 0.6 mL ZhNx 1 RefZIR TR Lo, %RAEEITV, HARK 0.009g, IXH
39% %437z, GPC, MALDI-TOF MS #JlIE L7z (M, = 8250, My/M, = 2.07),

AmPhos Pd G2 & W2 Y ZVA LV OEE ([1]o=0.0044 M., [1]o/[Pd]o/[2]0 = 5/1/1)
AmPhos Pd G2 7" L il 6.9 mg (0.012 mmol), 18-7 7 77 /-6-—7 /)L 120.7 mg (0.48 mmol),
7 vk v LA 36.2mg (0.24 mmol), 134.9mg(0.06 mmol), 2 3.3 mg(0.008 mmol), THF 9.0
mL, ZA%/K 0.6 mL ZMNA 1 KRefH=IR CHER L7z, %AHEZTV, REARER 0.046 g 215
72. GPC, MALDI-TOF MS ZJIE L7z (Ma= 4950, M/My=1.92),

AmPhosPd G2 # HW 2R Y 7 A L DEA ([1]o=0.0044 M, [1]o/[Pd]o/[2]o = 8/1/1)
AmPhosPd G2 7" L fili#it: 4.6 mg (0.008 mmol), 18-7 7 7 -6-=—7 ) 122.4 mg (0.48 mmol),
7 vt 7 A 352 mg (0.24 mmol), 1 34.6 mg (0.06 mmol), 2 2.25 mg (0.008 mmol), THF
9.0mL, ZEEE/K 0.6 mL ZMx 1 B =R CHitk Lz, %AOAEAITV, BEABRK 0.047g %
72, GPC, MALDI-TOF MS ZIE L7z (M= 7030 My/M, = 2.06),

AmPhosPd G2 Z# V2R Y ZAA L OEA ([1o=0.0044 M, [1]/[Pd]o/[2]0 = 10/1/1)
AmPhosPd G2 7" il 7.0 mg (0.012 mmol), 18-7 7 7 »-6-=—7 /L 243.0 mg (0.96 mmol),
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7 Akt A 742 mg(0.49 mmol), 169.5mg(0.12mmol), 23.3 mg(0.012 mmol), THF 28.0
mL, ZA8K 1.2 mL Zhx 1 RSB TR L7, BROHEEZITV, HAFEE 0.086 g 215
7o GPC. MALDI-TOF MS ZHIE L7= (M= 9980, My/My=2.27),

AmPhosPd G2 ZHWeARY ZAA LV OEEA ([1]o=0.0044 M, [1]o/[Pd]o/[2]0 = 15/1/1)
AmPhosPd G2 7" U fifti 4.64 mg (0.008 mmol), 18-7 T 7 1-6-=—F /L 243.9 mg (0.96 mmol),

7 bt A 723 mg(0.48 mmol), 169.5mg(0.12mmol), 22.3 mg(0.009 mmol), THF 28.0
mL, 7ZA¥K 12mL 2Nz | KSR CHRIP L, BOmEITV, BAREE 0.012g, IR
50% %1§7-, GPC, MALDI-TOF MS %% L7z (My= 11910, My/M, = 2.55),

cataCXiumAPd G3 Z VAR Y ZAF L OFEA ([1]o=0.0044 M, [1]o/[Pd]o/[2]0 = 8/1/1)
S TERTM TR LOT AT BEG T CiT T, 20 mL 727 7 A& WEFT
IMEAL TR L, TAT U EM LT, D%, cataCXiumAPd G3 7 Lfilit 5.94 mg (0.008
mmol), 18-7 7 7 /-6-=—7 /L 1219 mg (0.48 mmol), 7 v {t& 7 A 36.2mg(0.24 mmol)
EMA, TAERE L BRI T TR THF 9.0 mL, 788K 0.6 mL ., BiK
LT 7 V@R L, 1 R L7, BIRAE L 10mL Fv 75 A2~ 1349
mg (0.06 mmol), 2 2.67 mg (0.008 mmol)Z A%, ZEFRSIE F CTHLME THF 5.0 mL Zh1x., Wi
K[LTHOT NI VBEWR LT, % 20 mL FAT7 T AA~IX—=F2FANTML, 1 B
IR CHERR U7, fafnififb 7 e = 0 KSR SmL 2%, 7 aa g bz VOl
L. AsfE & fafnii by U U LKER TV, BokRiiE~ 712> LTS8, BET
THREZEEL, ZROAY ) — VIS L OB L, BHEaEE 0.0074g . IR 31.6%%
#372o GPC, MALDI-TOF MS %7€ L7z (M= 6970, My/M, = 1.84),

cataCXiumPd G3 Z WA Y ZAA VLV DOEA ([1]e=0.0022 M, [1]/[Pd]e/[2]0 = 8/1/1)
cataCXiumPd G3 7" Lfitfit 5.92 mg (0.008 mmol), 18-7 7 7 /-6-—7 /L 121.3 mg (0.48

mmol), 7 v {7 A 36.2mg(0.24 mmol), 134.6 mg(0.06 mmol), 22.2mg(0.008 mmol),
THF 28.0mL, 7ZA87K 0.6mL ZMx 1 RS TP L7z, BABEAZ1TV, HEAREE 0.021
g . IR 89% #1572, GPC, MALDI-TOF MS ZJIE L7z (M, = 5340, My/My=1.87),

cataCXiumPd G3 AW =RY ZAA L  DEA ([1]o=0.0033 M. [11o/[Pd]o/[2]e = 8/1/1)
cataCXiumPd G3 7" Lfilifit 5.8 mg (0.008 mmol), 18-7 7 7 -6-=—F /L 121.4 mg (0.48

mmol), 7 v{bE v A 35.9mg(0.24 mmol), 134.6mg (0.06 mmol), 2 2.25 mg (0.008 mmol),
THF 18.6mL, 7&K 0.6mL 22 1 RERIZIR TR L7, $BAOAEEZITV, HEEE 0.007
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g . LR 28% #7157/, GPC, MALDI-TOF MS % JlIiE L7z (M, =7710, My/My=2.08),

cataCXiumPd G3 Z AW RY A LV DEA ([16]o=0.0066 M, [16]0/[Pd]o/[55]10 = 8/1/1)
cataCXiumPd G3 7' L fitfit 5.8 mg (0.008 mmol), 18-7 7 7 > -6-—F /)L 120.7 mg (0.48
mmol), 7 v{bE T 7 A 36.1 mg(0.24 mmol), 134.0mg(0.06 mmol), 2 2.1 mg(0.008 mmol),
THF 10.5mL, 7887k 0.6mL ZA01 % 1 RESIR TR L7, BAEZITV, FHAFERE 0.006
g . I 23% %1572, GPC, MALDI-TOF MS %I L7= (M, = 8580, My/My=2.02),

cataCXiumPd G3 # VW= RY ZAF L v DEA ([1]o=0.0088 M, [1]o/[Pd]o/[2]0 = 8/1/1)
cataCXiumPd G3 7" L-fitlft 5.8 mg (0.008 mmol), 18-7 7 7 »-6-=—F )L 122.2 mg (0.48

mmol), 7 v{tE 7 A 37.1 mg(0.24 mmol), 134.8mg(0.06 mmol), 2 2.2 mg(0.008 mmol),
THF 7.0 mL, 7X8/K 0.6 mL Z0x 1 B EE CHEE Lz, BAHEZITV, FHEEE 0.006
g . ME 26% %437z, GPC, MALDI-TOF MS Z I L7z (M= 7090, My/M, = 1.96),

cataCXiumPd G3 Z# WA Y Z A L OEE ([1]o = 0.0044M, [1]o/[Pd]o/[2]0 = 5/1/1)
cataCXiumPd G3 7" L filtiit 8.7 mg (0.012 mmol), 18-7 T 7 »/-6-=—7 /L 121.2 mg (0.48 mmol),
7 vkt v A 37.2mg(0.25 mmol), 134.6 mg (0.06 mmol), 2 3.2 mg(0.008 mmol), THF 9.0
mL, ZZB{/K 0.6 mL Nz 1 R ER CHE L, RO ZITV, HABEER 0.054 ¢ 215
7zo GPC, MALDI-TOF MS ZIE L7z (M= 6500, My/M,=1.93),

cataCXiumPd G3 # W= RY ZAF L U DES ([1o=0.0044M, [1]o/[Pd]o/[2]o = 8/1/1)
cataCXiumPd G3 7" Lfitfit 5.7 mg (0.008 mmol), 18-7 7 7 -6-=—F /L 121.7 mg (0.48

mmol), 7 v{bE 7 A 35.9mg(0.24 mmol), 136.7mg(0.06 mmol), 22.2mg(0.008 mmol),
THF 14.0mL, 788K 0.6mL Zh1x 1 BFESRIE CTHEE L-, BOBEITV, BB 0.056
g %1%7=, GPC, MALDI-TOF MS % #l7E L7z (M, = 7980, My/M,=2.07),

cataCXiumPd G3 ZHW/eARY ZA LD EE ([1=0.0044M, [1]o/[Pd]e/[2]0 = 10/1/1)

cataCXiumPd G3 7" L fillif 8.8 mg (0.012 mmol), 18-7 T 7 2 -6-=—7 /)L 244.2 mg (0.96
mmol), 7 v{bkt& I 7 A 72.1 mg(0.48 mmol), 169.2mg(0.12mmol), 23.2mg(0.012 mmol),
THF28.0mL, ZX87/K 12mL 0N 1 REM IR CHidR Lo, %A ETV, FHEBEE 0.101
g %#437-, GPC, MALDI-TOF MS % JHI7E L7z (M= 8990, My/M,=2.13),

cataCXiumPd G3 Z WA Y ZAA L DEA ([1] = 0.0044M, [1]o/[Pd]o/[2]0 = 15/1/1)

39



cataCXiumPd G3 7" L-fillfit 5.8 mg (0.008 Ammol)\ 18-7 7 W 2-6-=—7 ) 244.3 mg (0.96
mmol), 7 vtk v A 72.6mg(0.48 mmol), 169.1mg(0.12mmol), 2 2.2 mg (0.008 mmol),
THF 28.0mL, 7ZA%7K 12mL Z00% 1 BEER CHFR Lz, BTV, MEaREMK 0.012
g . I 50% %157-, GPC, MALDI-TOF MS ZIE L7z (M= 10740, My/M, = 2.40),

X-Phos Pd G2 W\ e AR Y 7NV A LV DOEA ([1]0=0.0044 M, [1]0/[Pd]o/[2]0 = 8/1/1)
FIGIEETERKIL FB L OT VTV FEHR T TITo/, 20 mL 727 722z ETFT
ML TRz L, 73 B L T2, E D%, X-PhosPdG2 7 Lfillit 6.11 mg (0.008 mmol),
18-7 7 U /-6-=—7 /b 1222 mg(0.48 mmol), 7 {7 A 36.1 mg(0.24 mmol) Z X,
TN ERE L, BRIE T T THF 9.0 mL, #&&Z/K 0.6 mL 2z, KL THH
THAAERL, 1 BREEER Lz, BISAB L 10 mL S 7 T X3~ 134.9 mg (0.06
mmol), 2 2.17 mg (0.008 mmol)ZhN %, ZEHRXL N Tz THF 5.0 mL /0%, P& L TH
LT NVAVEWR LT, THE 20mL TATZ7TAI~ADX—=F2HNTIA, 1 HESIRET
R Lo, fafniE b7 v B= 0 AKERIR SmL 2z, 7 ook bzfnCciit L, G
J& z BaFnE LA U U DOKEER CHEV Y, KRR~ 7' % ¥ 7 A CREMR S 72, IBUE T Crast %
BEL.ZEDAZ ) — VB L OBRL, BAEIKE 0.002g | IR 8.5%% 1572, GPC,
MALDI-TOF MS Z#|7E& L7z (Ma=3670, My/M, = 1.44),

XPhosPd G2 Z WA Y ZNA L OFEA ([1]o=0.0044M, [1]/[Pd]e/[2]0 = 5/1/1)
XPhosPd G2 7 L filifif 9.5 mg (0.012 mmol), 18-7 77 /-6-T—F /L 122.3 mg(0.48 mmol),

7 Akt T U A 37.2mg(0.25 mmol), 135.1 mg (0.06 mmol), 22.2mg(0.013 mmol), THF 14.0
mL, 7ZAB7K 0.6 mL ZHNx 1 RefSEIR G L, BAMEZITV, BEOEEK 0042 g 275
/2o GPC, MALDI-TOF MS ZJIiE L7z (My= 1910, My/My=1.21),

XPhosPd G2 Z VWA Y Z)VA LV DOEA ([11o=0.0044M, [1]6/[Pd]o/[2]0 = 8/1/1)

XPhosPd G2 7" L filii: 6.60 mg (0.008 mmol), 18-7 7 v > -6-—7 /L 122.2mg(0.48 mmol),
7 vkt v A 36.1 mg(0.24 mmol), 134.9mg(0.06 mmol), 22.2 mg(0.008 mmol), THF 14.0
mL, 7KK 0.6 mL ZiNA 1 B EIR CHidR L7, BAEEITV, BAEE 0042 g 275
7zo GPC, MALDI-TOF MS Z#lIiE L7z (M= 2020, My/M, = 1.29),

XPhosPd G2 Z Ve Y Z VAL DES ([1]o=0.0044M, [1]6/[Pd]o/[2]0 = 10/1/1)
XPhosPd G2 7" Uit 9.63 mg (0.012 mmol), 18-7 7 7 /-6-T—F /L 244.4 mg (0.96 mmol),

7 vkt v A 723 mg(0.48 mmol), 169.2mg(0.12mmol), 23.3 mg(0.012mmol), THF 28.0
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mL, ZKE/K 1.2 mL 2% 1 FEM=IR G L, SO Z1TV, RERER 0.082 g 215
72o GPC, MALDI-TOF MS ZHIE L7z (M, = 2340, My/My = 1.69),

XPhosPd G2 Z Ve R Y ZNA L DES ([1]o=0.0044M, [1]¢/[Pd]o/[2]0 = 15/1/1)
XPhosPd G2 7" L filtlif 6.3 mg (0.008 mmol), 18-7 7 7 »-6-T—7 /L 244.2 mg(0.48 mmol),
7 vt 7 A 71.3 mg(0.49 mmol), 169.7 mg(0.12 mmol), 22.4mg(0.009 mmol), THF 28.0
mL, ZAH/K 1.2 mL &0z 1 REEEECRER Lz, BAEZITV, HAER 0.080 g 215
72 GPC, MALDI-TOF MS ZIE L7z (M,=2380, My/M,=1.82),

SPhosPd G2 Z Ve AR Y Z VA L DES ([1]0=0.0044 M, [1]o/[Pd]o/[2]o = 8/1/1)

KNI ETERII PRI OT VI FHR T CITo7, 20 mL T A7 7 A aZ/E T T
BN CHEBEL, T AT @M LT, £ D%, SPhosPd G2 7 L il 5.91 mg (0.008 mmol),
18-7 7 7 v-6-=—7 /)L 121.67 mg (0.48 mmol), 7 v {bEI 7 A 36.1 mg (0.24 mmol) %N
A, TS oEMAE L, BREKR T ORI THF 9.0 mL, K&K 0.6 mL Zx, BE LT
MET NI EBRL, 1 REEEB L2, BIEHELE 10mL 7377 22~ 1351 mg
(0.061 mmol), 2 2.23 mg (0.008 mmol) ZHNx, ZEHEXIE N CHME THF 5.0 mL 2%, B
LTHBT NIV ERLE, ThE 20 mL FAT7 T RAa~hX—Z%HnTinx, 1 K
SR TR Lo, ffnii{b” = LK S mL 2Nz, 27 v eil sz vt
L. BB & G bl U v SRR CHEV, KRR~ 7/ 12 v U A TR S, WET
THIEEEEL, ZROA Y ) — M U OB L, HaEE 0.0027g K 11.5%%
%72, GPC, MALDI-TOF MS % #MIE L7z (M= 3590, My/M, = 1.44),

AmPhos Pd G2 ZHWEARY ZIALF Ly OEAFTO 1 BIO 2 Oiz{bREH (1] =
0.0044 M, [1]o/[Pd]o/[2]0 = 5/1/1)

AmPhos Pd G2 77" Uit 13.7 mg (0.024 mmol), 18-7 7 7 L -6-—7 /L 242.5 mg (0.96 mmol),
7 vk v A 72.3 mg (0.48 mmol), 169.4 mg(0.12 mmol), 2 6.6 mg (0.024 mmol), PIIZ &
LT 14-U~Fd %82 29,0 mg (0.10 mmol), THF 28.0 mL, 788K 1.2 mL %
NNz 34 IFREEIR ORI Lo, BB 24TV, AR 0.064g 2157, GC, GPC, MALDI-
TOF MS ZH|E L7z (M= 3630, My/M,=1.78, conv. of 1 = 46%, conv. of 2 = 29% at 5 min, M,
= 4890, M,/M,=1.93, conv. of 1 =59%, conv. of 2 =37% at 30 min, M, = 5150, My/M, = 1.99, conv.
of 1 =74%, conv. of 2 = 55% at 60 min, M, = 5300, M./M, = 1.97, conv. of 1 = 82%, conv. of 2 =
37% at 135 min, M, = 4620, My/M, = 2.02, conv. of 1 =88%, conv. of 2 =34% at 180 min, M, = 5010,
My/M, = 2.01, conv. of 1 = 85%, conv. of 2 = 59% at 300 min, M, = 4730, My/M, = 2.02, conv. of 1
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=91%, conv. of 2 = 58% at 420 min, M, = 4600, M,/M, = 2.05, conv. of 1 = 86%, conv. of 2 = 71%
at 720 min, My = 4610, My/M, = 2.09, conv. of 1 = 98%, conv. of 2 = 77% at 1980 min),

AmPhosPd G2 i\ /2 1 OFEA ([1],=0.0044 M. [1] /[Pd] = 5/1),

FIGRETERRM TR LIOT VIV FEK T TITo%k, S0mL 7275 22z
AmPhosPd G2 7" Lfi#it 13.89 mg (0.0241 mmol), 18-7 T 77 2/-6 254.60 mg (0.963 mmol), 7
b YT A 7320 mg (0482 mmol) ZINx, T CEM L, BHREKIET CTHE THF
18.0mL &ZKEK 12mL ZMMx., & HICHMEE THF 5.0mL 2%, BERLThbTa
EHLL, ERT 1R L, BBRAE L 10mL 75 23~ 169.29 mg (0.116
mmol), PIEL LTINFINAF IR B Y 2893 mg (0.117 mmol) Mz, BREKFET
THZME THFS5.0mL ZMx, AL THhbT7 VAV B LT, #1% 20mL T A 75 2=
ANAZ=FERNTIA, 5. 30 45, 1, 2, 3, 5. 7. 9, 22, 100 & ICERLM T Y
YTV TEITV. GC LY 1 OE(LEEZRHL, GPC LV N TFRENTFESHEZRD,
MALDI-TOF MS TRt & HIE Lz, fafifb” =0 AKBEEMZ, 7 nrkiL
LEFWTHIH U, AHE 2 8afiE b h U o 2K TRV, KRS~ 2 % 3™ LGl
SET, BETCREZREE LR, HEBERE 0135g 2872, FEMICEITS 1 Ol
1b=I KO D518 & 531 BOA & L TFISRT,

5 min: Conv. of 1 =21%, M, = 9870, M,/M, = 2.87. 30 min: Conv. of 1 =37%, M, = 17150, My/M,

=2.42. 1 h: Conv. of 1 =67%, My = 15080, My/M, = 2.67. 2 h: Conv. of 1 = 88%, M, = 16050, My/M,
=2.66. 3 h: Conv. of 1 =83%, M, = 18140, M,,/My=4.13. 5 h: Conv. of 1 =91%, M, = 13950, My/M,
=4.22.7h: Conv. of 1 =96%, M, =21770, Mu/M,=3.72.9 h: Conv. of 1 =95%, M, = 14790, M../M,
=7.90. 22 h: Conv. of 1 = 99%, M, = 21290, Mw/M, = 4.90. 100 h: Conv. of 1 = 99%, M, = 36780,
MM, = 4.16.

42



EENE 5K

1. Nojima, M.; Kosaka, K.; Kato, M.; Ohta, Y.; Yokozawa, T., Alternating Intramolecular and
Intermolecular Catalyst-Transfer Suzuki-Miyaura Condensation Polymerization: Synthesis of Boronate-
Terminated pi-Conjugated Polymers Using Excess Dibromo Monomers. Macromol. Rapid Commun. 2016,
37 (1), 79-85.

2. Nojima, M.; Ohta, Y.; Yokozawa, T., Additive-controlled Switching from Abnormal to Normal
Unstoichiometric Suzuki-Miyaura Polycondensation for Poly(biphenylenevinylene). Chem. Lett. 2017, 46
(1), 35-37.

3. Kamigawara, T.; Sugita, H.; Mikami, K.; Ohta, Y.; Yokozawa, T., Intramolecular Transfer of
Pd Catalyst on Carbon—Carbon Triple Bond and Nitrogen—Nitrogen Double Bond in Suzuki-Miyaura
Coupling Reaction. Catalysts 2017, 7 (7), 195.

4, Kosaka, K.; Nanjyo, K.; Ohta, Y.; Yokozawa, T., Importance of the Balance of Interaction
between Palladium Catalyst and Aromatic n-Face for Unstoichiometric Suzuki-Miyaura Coupling
Polymerization: Effective Pd cataCXium A Catalyst for Fluorene and Cyclopentadithiophene Monomers.
Chem. Lett. 2018, 47 (8), 1040-1043.

5. Tsuji, Y.; Morisaki, Y.; Chujo, Y., © -Conjugated polymer-layered structures: synthesis and self-
assembly. Polym. J. 2017, 49,203-208.

6. Y. Kohsaka, T. K., Nippon Gomu Kyokaishi 2015, 88, 80.

g S. Ishihara, Y. K., T. Kitayama, Polym. Prepr. Jpn 2015, 64(2), 3B13.

43



B=E RBE-ERBV YTV TEEROR VBT AT NVERREREICLET 78S
F—Km7 vy 7 XEGEDEK

B Loz

P3HT i, BRAVRHER L OREMMEN TR Y | BEMEES THMEE LUK AASh
TV, FFIZ P3HT OXRMGEREEIZ, 7 vy 7 R =—D4K 2 LEKBRHEDZEL
o0 B ORI T, S A OREEMIC L - TR SN DN 7V » MiE 8 2 %
b T I DICEBETHD, KMEM~DT 7 u—FIIKELHTT 3 2HD %

(1) Grignard 3RIEZE FIGMHEOEV PIHT-Ni-X fERMICHML, RBH-ERA v 7Y v 7
RIS %ATH 24100,

(2) BREEZRO Ni/Pd BRMAHIZTRL, 220D FAT7 =€/ v—0 CTCP %17
5 31225,

() HEABEMIEIZE 2T P3HT @ C-H F£7/21% C-Br fia%2EiHd 5 562,

LU 5, (1)-(2) DRMMEREELIZEBV T, Grignard BRI RKLEMENMEL, &
DIZTRTE D AEN, EFEEOLBHEVWEZIRONTLE) 2L, IHIZKEARL
EREREERCBIRGAAZRNT 22 L3 LW CoRMBERET B D, 3) ICBLT
i3, —EHEEL T L EREMEITO MEND Y RN D, €T, ke EREREEE
AT R AR U (2 AT V) Z@R U7, Grignard I LD b4, o Fh—n
67 7T Z—HEET, £ OFn SERENHEY, RESNTWDHI006THD, fEH-
ERMBEBEBEATICHA-BEHI v 7YV IBETT HDREMEND L LD, ZhET
Grignard FRIEDFHRINEE L o 7o' BHREZ % one-pot T P3HT I[CEATE S B2, Am
YBRERDT 7T E— o WERRESTFEEMKL. £k P3HT OWKIGIEAT ST
T ADA Bo2EE N Tay s aR)v—0AkE B LI
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B AR X OHERE

IA-BIA v 7Y U ORI NI BE O Pd il EH 66 AV HATRY , filiiss)
HAEWKED o HEREDS FORBBEARICBOTHMFDOEBLSBMEITEACX 5, +
T T, fil#i & LT Ni(dppp)Cla ¥ X" Pd-PEPPSI-IPr #3&R L, F4 7z E/~— 3 %
ARBET R LT 10 HERM L, REE-ERMBEEHES LTk, TO®RI U F 2P
TS E—FEFROR VY a— Lz AT B L OER (7 vty s, KR bS
VoL VUBR=DY UL KERERMLE,

3-2-1 Pd-PEPPSI-IPr % i\ 7= i Htp it

ranaw XA T aEAXF AT AT 2 3K LT, 10 mol% @ Pd-PEPPSI-IPr,
30 mol% @ 4,4,55-7 N T AFN2-(4-(F Y I NFA 0 AFN)T 2 =)V)-132-PA XY R
TV @), WE (oYL KBIEIYV DA VUVBRZHYDL) & 4 12X LT 4.0
B, 18-crown-6 ZEIEDONTF AL H T o T TELHHEEMA, BIRT 1 HEHRL,
MALDI-TOF-MS (2 X > T 4 WINATHE DK% fi#HT L 7= (Scheme 3-2-1),

ex 4 3 CF
IPr o 4 \\ s O )

Hex & |
/(/—\S\ Pd-PEPPSI-IPr o4 \s/ B8 lr . ) 1\ ;
CIMg™ N~ ~Br THF sl Base, THF/H,0 3 O n- 4n
H
3 - P3HT-PhCF 5

Scheme 3-2-1. Kumada-Tamao CTCP of 3 and end-functionalization of P3HT with 4 in the presence
of Pd-PEPPSI-IPr.

ETHOIT, HEL LTT7 vkt vy 2% AOTREE IERF 21TV, 4 BINETH% O
MALDI-TOF-MS % #|7E L7z (Figure 3-2-1),
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Figure 3-2-1. MALDI-TOF-mass spectra of P3HT obtained by (A) Suzuki-Miyaura coupling reaction
of Br-P3HT-Pd-Br complex and 4 in the presence of CsF/18-crown-6 in THF/H>O at rt for 3 h and (B)
for 24 h.

A BRI 3 B 24 FERHIBHE CHRIGIX H/Br TH O, 8AR-EHA v 7Y v 7
BOMFHEIT L TR Z b d (Figure3-2-1), $AR-ETHA v 7 ) ¥ 28T 5 RIGTE
PEFEIZ Ar-M(L)-OH ¥£721% Ar-M(L)-F(M: E#& &R, L: BiLf) THY, EH-ERI v
V2 2B ARUSTE MR ArM(L)-X (X: BEEIEE) ThoZ b, 3 OREH-
ERMEBBEAOSSEEBORKE L 7 v BEIT L Fax RICBlT 5 2 LR TE
T, BAR-EHA TV ITBEIT LR Do EEBXOND, RIC, 7oALY
HHEAED TR KA A Y T b W CRIBROIRFT 21T o 72 (Scheme 3-2-1, Figure 3-2-2),
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Figure 3-2-2. MALDI-TOF-mass spectra of P3HT obtained by (A) the polymerization of 3 with Pd-
PEPPSI-IPr at rt and (B) Suzuki-Miyaura coupling reaction of prepolymer (A) and 4 in the presence
of KOH/18-crown-6 in THF/H»O at rt for 3 h, (C) for 24 h.

MALDI-TOF-MS X Y. H/Br K##® P3HT 75 (Figure 3-2-2A) 4 @ KOH aq/THF &if
EWRNT 52 L1128 -T 24 BERICIE CFsPh OEA SN/ Khi & 8 C& 7= (Figure 3-
2-2C), MR TE /DX CFPhH B L CFsPh/CFsPh Thole, LoxLZzand b, Kimdflk
EN T2V HBr KD P3HT BEETH 2 &, ROYRIE TE RWVRESIREM < i
S, LERVEIFUGHEE TWDHZ ENRRIND, HAEEDSIROVEEEEZ AV 5 & gaAk-
BHA Y ) BT D K0 ot £21E, 7 v b Y U AR O ERHCRISENE
FMORFENEHLINTAERT S A-ML)-F LY b Ar-M(L)-OH O 5B SEEIZB T
TRV ENBZOND, & HIZAEIRE L RS kSN RIBDOH T CFPh/Br KA
R TE ', CFPh/H B X T CFPh CFsPh OAAER L TNWD Z &b, —BHIG LT
Pd(IPr) filiEid P3HT L& FHBEIL, b 9 ARIED C-Br G & BLAdmaiE Z L=
BREIEER I LTS Z EARIEEND (Scheme 3-2-2),
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Scheme 3-2-2. Expected reaction mechanism of Ar/H, Ar/Ar and Ar/Br ends P3HT.

Wic, WHELTY VBEDY v ARV CRBORIZIT o7, VUBEE0Y v AR
Hu? 5% Geng® o MNA-EHAMBEEIES BT 2MRICHON TV AIERTH D, 4 O
K3PO4 aq/THF YEHE O USINATH O MALDI-TOF-MS % {#IE L. 15 5 4v7- P3HT OERiEE%
fi##r L= (Figure 3-2-3),

0 Hex
O N /1 \ S\ _H
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Hex

A Hex,

. [/ \ S _H
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FiC R/
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Figure 3-2-3. MALDI-TOF-mass spectra of P3HT obtained by (A) the polymerization of 3 with Pd-
PEPPSI-IPr at rt and (B) Suzuki-Miyaura coupling reaction of prepolymer (A) and 4 in the presence
of K3PO4/18-crown-6 in THF/H,O at rt for 3 h, and (C) 24 h.

Z DOFER, H/Br K¥iD P3HT 7>5 (Figure 3-2-3A) 4
? KsPO4 aq/THF IEIEZWMNT 5 Z LIk - T 3 B4 I2I% CFsPh DA Shu7- K%
MEFB L (Figure 3-2-3B), 24 W#f#%121%, CFsPh/ CFsPh, CFsPh/H 3 X108 H/Br OZ4ffiHH &
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iz, KE(EA Y U LERWERICA b RBAARRIGII R o7, VU= U7 L
ZEH L LTHOERFHZB W TS CRPh/Br ITMH SR TE L, Bk Lz L o2, 56
A17z CF3sPh/CF3Ph 36 XU CFsPhH % FF> P3HT IE Pd(IPr) O3 FHNBENC XL > TH LN
TWpEEXBND, Lk, 4E 3 FEEOEEZ AW TRIRS LR EZITV. ZORRE
F L7z (Table 3-2-1), HEMDOBSICL > TRRB-FERY v 7 )V JEAPOHAR-E#H A
v 7Y T RISORIMBMZ RHTZ LI TE o, s LTV VB=h Y v A
EROVESEICROIERBAR-BHI v 7Y I NETT LR LM LT,

Table 3-2-1. Catalyst and base effects on end-functionalization of Kumada-Tamao P3HT complex
with 4.

entry catalyst base (equiv. to 4) end-groups?

| Pd-PEPPSI-IPr CsF/18-crown-6 (4.0/8.0) H/Br > CF3Ph/H
2 Pd-PEPPSI-IPr KOH/18-crown-6 (4.0/4.0) H/Br > CF3Ph/ CF3Ph > CF3Ph/H
3 Pd-PEPPSI-IPr  K3PO4/18-crown-6 (4.0/12.0)  CF3Ph/ CF3Ph > CFsPh/H > H/Br

End-functionalization of Kumada-Tamao P3HT complex ([3]o/[Pd]o = 10) with 30 mol% of 4 to 3 was
carried out in THF ([4]o = 0.014 mol L") and water (water/THF = 0.07 (v/v)). 1) End-functionalization

incorporation strengths were estimated from MALDI-TOF-mass spectrum.

LU, 4 % PIHT OFMMIHK L GRENCEINL TW2 DI b hnb b3, H/Br
KO PIHT ML, ZEREM P3HT EERICE b TW Y, Zhik, P 7
AR ZNALREDREH-ER A » 7Y 7 DRISTEMFEN Ar-M(L)-X (X: halogen) (&%} LT,
EAR-BHN v 7V T OROGEMERED A-M(L)-OH ThoH Z LICHELTSE s LA
V293031233435 2O 7= DIRFKIEREISNE DO ~a s oo R X U RBRRER A L—X

WERZI BT, 8RB Y TV 7B S F T U AR Z AR | LFEEIRAIC T v
TV ITRIGHEIT LieholcbZxbhd, b, SAR-BEHA v 7Y 71X, Ar-
B(OH), & Ar-M(L)-OH/F @ kZ > A A & )AL, Ttz % 5 2% (Scheme 3-2-3A), KOH
DX D 7effBE LT OH #AAHTEEEZAWHBAR-EHY v 7Y 2BV T, OH 23
WRNAFET D E DT VAR I MW TARERR AR L— b &G R o V& R
ZARV— FOFR~MEHID, Aa BEICH L TEEMU EO OH 2T 5E 0y 7Y v
T BOSISFBIZHEIT LR 7 D E WO ERH 5 2 (F 1IXZ DR Y TiXipw ), 2079
RAFAE T, KOH 36 KUY KsPOy {2 18-crown-6 ZIRNNT 2 Z LIk, BUSTEMEZR AR v ot
#E & PAE U= FTREMEA 8 D (Scheme 3-2-3B),
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Scheme 3-2-3. Possible reaction mechanisms of Ar-B(OH), with P3HT-Pd(IPr)OH in the presence of
(A) OH and (B) excess OH".

3-2-2 Ni(dppp)Cly % FV 7o 3 Bt

WIZ, REH-ERMEBEESICHV STV S Nidppp)Ch & AW THEERF 21T 72
(Scheme 3-2-4), SUGSA{FIE P-PEPPSI-IPr & [Aff L L7z, MALDI-TOF-MS (&> T 4 I
TN O AR 2 T U7,

He QB—@—CF .
X a
Hex IPr o 4 ! R\ s CFy
Pd-PEPPSI-IPr '\ S py-B
/N THF Bt T ' F.C S il
CiMg g7 Br Base, THF/H,0 3
3

n-1 Hex

Hex
P3HT-PhCF 4

Scheme 3-2-4. Kumada-Tamao CTCP of 3 and end-functionalization of P3HT with 4

MALDI-TOF-MS XY, H/Br %X 0" H/H K¥i® P3HT 735 (Figure 3-2-4A) 4 @ CsF
aq/THF ¥R ZIRMLTZD3, 3 LV 24 KL TlX CFPh OEA S L2 RKiidmt &S h
72 o7z (Figure 3-2-4B and C), Pd-PEPPSI-IPr B LT 7 vt v 7 b RO S &
Rk, 3 DOREMA-ERMIEBBIES ORSEEREORFEEL 7 v FEmide Fax o Rk
WTDHTENTET, R-BRI TV TRET U oT2 2 EZBND, RIZ, 7 v
b v L 80 BEEMEORVIKERES Y ¥ L E W CREBEORHN %217 - 72 (Scheme 3-2-1,
Figure 3-2-5),
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Figure 3-2-4. MALDI-TOF-mass spectra of P3HT obtained by (A) the polymerization of 3 with

Ni(dppp)Clz at rt and (B) Suzuki-Miyaura coupling reaction of prepolymer (A) and 4 in the presence
of CsF/18-crown-6 in THF/H,O at rt for 3 h, and (C) 24 h.

MALDI-TOF-MS & ¥, H/Br X0 HH K¥io> P3HT 726 (Figure 3-2-5A) 4 @ KOH
aq/THF ¥R Z IR L7225, 3 B XL 24 K& Tld CFaPh OBA SN RImIIBE S
72M3o 7= (Figure 3-2-5B and C), Pd-PEPPSI-IPr 35 KO /Kb U o AL (X R DHER & 72
272, WIZ, PA-PEPPSI-IPr OMRFHIB W TR b BRSENET L2 Y V=0 Y U A% H
W TRk DR 21T - 72 (Scheme 3-2-1, Figure 3-2-6),
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Figure 3-2-5. MALDI-TOF-mass spectra of P3HT obtained by (A) the polymerization of 3 with
Ni(dppp)Cl» at rt and (B) Suzuki-Miyaura coupling reaction of prepolymer (A) and 4 in the presence
of KOH/18-crown-6 in THF/H,O at rt for 3 h, and (C) 24 h.
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MALDI-TOF-MS &£ ¥ | H/Br K& P3HT » 6 (Figure 3-2-6A)4 @ K3PO4aq/THF 1A
ZWMUTZA, 3 B 24 KEf#I#% TIX CFPh OF A S 7o RIIIRE S oz
(Figure 3-2-6B and C), Pd-PEPPSI-IPr B8L OV UER= U v A% AV fE B & 13 R B s 5
Llroie,
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Figure 3-2-6. MALDI-TOF-mass spectra of P3HT obtained by (A) the polymerization of 3 with
Ni(dppp)Cl, at 1t and (B) Suzuki-Miyaura coupling reaction of prepolymer (A) and 4 in the presence
of K3PO4/18-crown-6 in THF/H>O at rt for 3 h, and (C) 24 h.

Z 2T Ni(dppp)Cly 2 HWN =R D IEMRFIOFER 2 LA TICE LT (Table 3-2-2), W1
DOHEFEIZBNOTYH 4 ICKDEBESINMIET Uo7z, L L7225, Noonan S Ni D
EAAR-ETHAMERB B EA BV CQREZ 2T T (50 °C) {To T\ el &b ¥, ZoBRFHT
BOTHIREZ NI IHE, B L T 2BERIGHEITT 2R SH D, L LR D,
Pd-PEPPSI-IPr Z W /cia, K VIRMZRERSEMETEH 4 & P3HT-PA(IPr)-Br/OH & DK
SEHN Y TREIT LI Z LD, T W ISEIL PA-PEPPSI-IPr % FIV CREMIZR G
ZHERETEITY ZLic LT,
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Table 3-2-2. Catalysts and bases effects of end-functionalization with 4 of Kumada-Tamao P3HT

complex
entry catalyst base (equiv. to 4) end-groups"
1 Ni(dppp)Cl CsF/18-crown-6 (4.0/8.0) H/Br
2 Ni(dppp)Cl2 KOH/18-crown-6 (4.0/4.0) H/Br
3 Ni(dppp)Cl2 K3PO4/18-crown-6 (4.0/12.0) H/Br

End-functionalization of Kumada-Tamao P3HT complex ([3]o/[Ni]o = 10) with 30 mol% of 4 to 3 was
carried out in THF ([4]o = 0.014 mol L") and water (water/THF = 0.07 (v/v)). 1) End-functionalization

incorporation strengths were estimated from MALDI-TOF-mass spectrum.
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B O AKBXO 18-crown-6 IZE8T B HE

AifEiCI&, Pd-PEPPSI-IPr % AWV RFHCB W CRIRE RN CX 7z, 4 FE TR A
— X OH %AEf SEEA-B#AY v 7V 7B #ITT5 X 90, AWEEDO D F 4
ZECHETELED 1875V -6-—F /) ZHMLTE =, LHLFRIIK L TR
BEiRICT OMAR-BHL v 7Y U ZFHEIT L QiR ote, £ 2T, BIOLMREHCRT
2 RE it (PA-PEPPSI-IPr) 36 X O HitiA (KsPOs) ZHWT, KOBEB LW 18-7 7 ¥
v-6-—T NOREZME L, BIROICTEREE(L S P3HT 215X 9 LB 27,

3-3-1 18-crown-6 I3 X OVK D

ranw SRV AT aETAFUALF AT 22 3 2% LT, 10 mol% @ Pd-PEPPSI-IPr,
30mol% D 4, KsPOs % 4 (2K LT 4.0 Y&, 18-7 TV -6-—T )b % K3POs 1%L
T 3.0, 2.0, 0 ¥EHMZ, /&KL HO/THF (= viv) =0.07, 0.04, 0.02 L7725 EZMx, =ik
T 1 HEH L7z (Scheme 4-3-1),
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Scheme 3-3-1. Kumada-Tamao CTCP of 3 with Pd-PEPPSI-IPr and end-functionalization of P3HT
with 4 in the presence of K3PO4/18-crown-6.

FPHIDOICN8-7 T T -6-—T )IVDOEZ Y V=Y 7 LIZR LT 2.0 HEICHEDS L

TRIRE L DT 21TV . MALDI-TOF-MS 2 X - TRUHSEMENT 24T - 72 (Scheme 3-3-1,
Figure 3-3-1),
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Figure 3-3-1. MALDI-TOF-mass spectra of P3HT obtained by (A) the polymerization of 3 with Pd-
PEPPSI-IPr at rt and (B) Suzuki-Miyaura coupling reaction of prepolymer (A) and 4 in the presence
of K3PO4/18-crown-6 (4.0/8.0 equiv. to 4, respectively) in THF/H2O at rt for 3 h, and (C) 24 h.

Z DFER, H/Br R¥d P3HT 25 (Figure 3-3-1A) 4 @D K3PO4 aq/THF &K% IRINY 2
ZLITE o T 3 BHRICIT CFPh DBAINTERIGELZHER L., S DI ZERENELY—
7 & LTI &4 (Figure 3-2-3B), 24 FFEZICIEL, Jil@ TE WK S 22 < CF3Ph/CFiPh
BX O CFPVH OARE SN TEY, H/Br K PIHT DHE %7 L7 (Figure 3-3-
1C), 18-7 7D v-6-=—TFTN% Y V=DV 7 AKX LT 3 YEAWEEBEORERTHS
Figure 3-2-3C &4 EIDFER (Figure 3-3-1C) ZHLTH, 4 & P3HT OHA-ERbD v 7
U 70% 18-7 T 0 -6-2—T NERL LTIZRMEDOIEI B L VETT 52 Endbhrotz,
LU bR e EREINE 24 BERIICB VLT H —ERENDBEFE L TV (Figure 3-3-
1C), €Dz, 18-7 T U v -6-=—T VAWM TRIRDSE 21T 9 Z LI LT,
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Figure 3-3-2. MALDI-TOF-mass spectra of P3HT obtained by (A) the polymerization of 3 with Pd-
PEPPSI-IPr at rt and (B) Suzuki-Miyaura coupling reaction of prepolymer (A) and 4 in the presence
of K3PO4 (4.0 equiv. to 4) in HO/THF (= 0.07 (v/v)) at rt for 3 h, and (C) 24 h.

ZOREFR, H/Br KD PIHT 6 (Figure 3-3-2A) 4 @ K3POy aq/THF VK % I %
LT, 3 KRHRICIE CFPh OEAINRIGEZHIRE L, & 51T HBr Ko
P3HT DiH% % 78 L (Figure 4-2-3B), 24 FFEI#£121%. CF:PWH OB AR L. EiRm
(Z CFsPh/CFsPh Kiii @ P3HT %132 Z &N T& 7= (Figure 3-3-1C), Figure 3-3-2A L
C THRLNRa VBESINEIGROY TV AF ) =7 i & AC ks
FRZ1TVY, 'THNMR % #IE L7 (Figure 3-3-3), Sommer & H/Br KD P3IHT DOEH
/2 THNMR A7 MV OIRBIZET 28 Y 25512, Br KD PIHT ORIEHED
2" F7)V (Ha, Hs, and Hioin Figure 3-3-3A) 38X H Rl PIHT DORIHED S 7 F 0 (Ha,
Hy, and Hyy in Figure 3-3-3A) (Z DWW CRIE RERALRTE O P3HT Z bk L=, RunEREHAL
AT P3HT X Sommer HAHE L7 I W7 b EIRIERBEDILEIC S 7 F DB
Shic (Figure 3-3-3A), —7F7, RAu VBRI 24 BRI CIX, RIS 7 FARENS 6.91-
6.80 ppm DV T FNNEHBEHROF A7 = VBT m F AR LTREA L, 1ZIFEHEELTWY
D T LDHERR T, 7.05-7.04 ppm {15TIZ, KiiAS PhCF; REHSNT-Z L1 X 0 KRGS
7 MUERGT A7 =7 a bR T & - (Figure 3-3-3B), LA L, TH NMR A~ K
V¥ KUY MALDI-TOF-MS {2 & V| P3HT-PA(IPr)-Br (kiR v VB o — L= 25 L%
WY % Z L CHRARMEBEE L& R LT,
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Figure 3-3-3. "H NMR spectra of P3HT obtained by (A) the polymerization of 3 with Pd-PEPPSI-IPr
at rt and (B) Suzuki-Miyaura coupling reaction of prepolymer (A) and 4 in the presence of K3PO4 (4.0
equiv. to 4) in THF/H,O at rt for 24 h.

Ru UEBEIN% 3 BEEORS T H/Br KiE0 PIHT OB ZHERCE -2 Lo h
TOBRFTIIEN, 18-7 T 7 L -6-T—FT VT OBEES LT Z LI X - THA-EH
By 7Y T DRIEHRE LR SED LD oT, THETORMICIT HLFRE
BIZRERA-E A v 7"V T HRHELT Lo T2 JRENE, sk L7z K 91, 18-27 F ¥ v-6-=—
TMZEDE FrX T =40 OREEN R e il RN — hOFHESR-E/ Y v 7
VU T ORERERECHLIR L — b MROEDZEICLDBRETHH Z ENHAL N
27,

SERHEIToT 18-7 5 7 -6-—F NDEIZKH L THWAEEKDELZZEF L TH
BROKIMME LR 21T o 72, BRFTL72DIX, HO/THF (viv) = 0.04 BX O 0.02 (I E
THaFY L7z HoO/THF 1% 0.07), & 18-7 T U »-6-T— T LD BT\ TRE RERALIZ I
W, KOBEZEZ THOREREROLEINIEZ Do T, 18-27 T 7 2 -6-T— T VARG
KD MALDI-TOF-MS DDA LLTFIZRT (Figures 3-3-4 and 3-3-5),
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Figure 3-3-4. MALDI-TOF-mass spectra of P3HT obtained by (A) the polymerization of 3 with Pd-
PEPPSI-IPr at rt and (B) Suzuki-Miyaura coupling reaction of prepolymer (A) and 4 in the presence
of K3PO4 (4.0 equiv. to 4) in H2O/THF (= 0.04 (v/v)) at rt for 3 h, and (C) 24 h.
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Figure 3-3-5. MALDI-TOF-mass spectra of P3HT obtained by (A) the polymerization of 3 with Pd-
PEPPSI-IPr at rt and (B) Suzuki-Miyaura coupling reaction of prepolymer (A) and 4 in the presence
of K3POy4 (4.0 equiv. to 4) in HyO/THF (= 0.02 (v/v)) at rt for 3 h, and (C) 24 h.

REKOBZRD LIcHE TH MR RIMEREERLAETT 5 Z L BB LMNITRY

X V&S FO PIHT THLRIBEREE(DEIT T Z LN TPREND, FOMOEEKES
B L7-fE R % Table 3-3-1 TR LT,
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Table 3-3-1. H>O and 18-crown-6 effects on end-functionalization of Kumada-Tamao P3HT complex

with 4.
H,O/THF (=
entry base (equiv. to 4) end-groups”
v/iv)
CF3;Ph/CF3Ph > CF3Ph/H >
1 K3PO4/18-crown-6 (4.0/12.0) 0.07
H/Br
CF;Ph/CF3Ph > CF3Ph/H >
2 K3PO4/18-crown-6 (4.0/12.0) 0.04
H/Br
CF3Ph/CFsPh > CF3Ph/H >
3 K3PO4/18-crown-6 (4.0/12.0) 0.02
H/Br
4 K3PO4/18-crown-6 (4.0/8.0) 0.07 CF3Ph/CF3Ph > CF3Ph/H
5 K3PO4/18-crown-6 (4.0/8.0) 0.04 CF3Ph/CF3Ph > CF3Ph/H
6 K3PO4/18-crown-6 (4.0/8.0) 0.02 CF3Ph/CF3Ph > CF3Ph/H
7 K3PO4(4.0) 0.07 CF3;Ph/CF3Ph
8 K3PO4 (4.0) 0.04 CF3Ph/CF3;Ph
9 K3PO4 (4.0) 0.02 CF3Ph/CF;Ph

End-functionalization of Kumada-Tamao P3HT complex ([3]o/[Pd-PEPPSI-IPr]o = 10) with 30 mol%
of 4 to 3 was carried out in the presence of K3PO4 and 18-crown-6 ether in THF ([4]o =0.014 mol L-
1y and water. 1) End-functionalization incorporation strengths were estimated from MALDI-TOF-

mass spectrum.

ABINZ AN DHEEKOBIIEAR-BE A v 7Y T RIS REL B 52N &R
HONZR2T2DT, LV ESFED PIHT ~OKRMEREE LR 21T, /rua~s
YA T BEAF VT AT 2 312 LT, 2.5mol% @ Pd-PEPPSI-IPr, 30mol% @ 4,
KisPOs % 4 1ZxF LT 4.0 4 &, HO/THF (= v/iv) =0.008 L7225 &A Hv, ERT 1 A
# L7 (Scheme 3-3-1),
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Figure 3-3-6. MALDI-TOF-mass spectra of P3HT obtained by (A) the polymerization of 3 with Pd-
PEPPSI-IPr ([3]o/[Pd]o = 42) at rt and (B) Suzuki-Miyaura coupling reaction of prepolymer (A) with
4 in the presence of K3PO4 (4.0 equiv. to 4) in HyO/THF (= 0.008 (v/v)) at rt for 24 h, (C); GPC profile
of (B) (M, = 15600, My/M,= 1.18).

MALDI-TOF-MS X ¥, H/Br FKifi> P3HT 75 (Figure 3-3-6A, My = 13400, My/My=1.31)
4 @ KiPO4 aq/THF BIREWHRINTHZ L2k > T, 24 BERI#I21Z H/Br R P3HT O
HE, B L UWARIRC CFsPh NEA SN Z & iR L= (Figure 3-2-6B), £7=. &b
72 P3HT ZHLAF L /7 v A CIRBRM L, GPC #ME LI LA, ZOHTFE

1L 15600 THo7z, LoT. 1 HLLED PIHT IBWTHARIGEZEHATE 52 L NHG
Mo 7=, .
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B xR BB AT VE R REEE R

ATEICiL, Pd-PEPPSI-IPr % VT 18-7 7 U L-6-— 7 /LI6 LUK K O B OFEM 72 i
MNEATOIRER18-7 T U v-6-=—T VRPN TR ODER S BAR-EH I v 7Y 7
7L, REKOBIITICHBRIZHE D REREBEEEZ RN EEZRALMNI LI, Uk, 4
AW BROMARME R LORESREE RH L), RETIEZOMOR 2 T 2
T v E RO TRIE R L 2 T 5.

3-4-1 TV —ARa By a—Lxc AT IVERK

Z ORI REREAGICIANT THZIZE M ZEAT O AN e ViR 27 ViR EEIT, ATRP BRAGHRNL %
BTD7c=VARarBeAT N 6, BIRL YA T 4 IRa B ATINV 9 ThD
(Scheme 3-4-1),

Br

Scheme 3-4-1. Synthesis of aryl boronic acid pinacol esters 6 and 9.

HHIZ, 6 DEMEIToT2, 5 O THF BWIKIZ 5 IZHLT 12 YBEDO M ZF AT I
ZMAx, 0°C THREE LI, ZOHKIC 095 HED 22T 0TS VY TFINT <A REET
L 0°C THHEL, %O LOERBEZITWEHET L 2L THARBKED 6 2K 91% T
Bl WITLHR3® BB T ORREITST, 6-7 B EA Y FUBIRAF VA F—
DOEEEEF K ORI E K A 100°C THEE Lz, Z0%, BAEETV, HAERDO 7 7
BEREZ 75% HBle. SHIT, XY 22EI1C, 7 BIOREY Y U LD DMF IR
2 2-=FNA~FTavA REMZ, 1000C THEE L, BAEO%, VW5V
Lonaw NTTT7 4— (ANFVUHEATF LY =2:1) 21TV REGEIE 8 ZUINE 20% T
7z, 8, EEE S U U A, Pd(dppH)Ch BX N BA(EFaF— MUR e Mo iRkE g7
DMF %A, 95°C THH L7z, %A%, 5B HPLC (7 m AR/l b) ([ & - THERLL,

WEIRGRAERIAD 9 % 13% TR,
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342 X DOT Y —/LAu BT AT VB AR

3-4-1 TAM LIz ATRP BREAEBMI 2O 7 == VAR VBT ATV 6 BX A VA~
TAARB PRI ATV 9 OMIZH 6 DL LTHW: B R drRny
BT AT 5 PEIFLIANF LR BTATL 10 O 4 BORa BT AT V%
MW TREmE LR 21T > 72 (Scheme 3-4-2),
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HexEl
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i&@m@ ii*
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Scheme 3-4-2. Kumada-Tamao CTCP of 3 with Pd-PEPPSI-IPr and end-functionalization of P3HT
with Ar-BPins in the presence of K3PO4 in THF/H,0.

FTEHIT, B R DrRa B 25V 5 2 AW TRBE BB 21T,
MALDI-TOF-MS Z X - TRtk % il L7 (Figure 3-4-1), H/Br KD P3HT 205
(Figure 3-4-1A) 5 @ K3PO4 aq/THF RIEZRINT D2 LIk - T, 24 BT —E#H
ERETERELTODD, @SBERIICEARIGICE Fa %N OVEREA SN (Figure
3-4-1B),

(A)
' ' j Hex
L | | o O
mjl I TR N R T S R N S ‘ ‘\ L l i O HGm/ \HexS H
B A; HO, S n_1\ /

l“

'J J: 1 Ly L [1 | ¢ A ' 9 PHex

Figure 3-4-1. MALDI-TOF-mass spectra of P3HT obtained by (A) the polymerization of 3 with Pd-
PEPPSI-IPr at rt and (B) Suzuki-Miyaura coupling reaction of prepolymer (A) and 5 in the presence
of K3POy in HO/THF (= 0.02 (v/v)) at rt for 24 h.
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Wi, 6 %AW CRIEE IERFT 21TV, MALDI-TOF-MS 12 X - CRIR&E &2 feR Lo
(Figure 3-4-2), H/Br K%4i> P3HT 76 (Figure 3-4-2A)6 @D K3POsaq/THF &R A M %
ZEILEoT, 7 BEMBICIIE BRI B E S (Figure 3-4-2B), L L7233 bR
BCEXRVARRbHER SN, JFVRBEHRTDLEHICENLOE—ZRENRL ool
(Figure 3-4-2C),
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Figure 3-4-2. MALDI-TOF-mass spectra of P3HT obtained by (A) the polymerization of 3 with Pd-
PEPPSI-IPr at rt and (B) Suzuki-Miyaura coupling reaction of prepolymer (A) and 6 in the presence
of K3POy4 in HoO/THF (= 0.02 (v/v)) at rt for 7 h and (C) for 3 days.

9 & HWTH FEBRIC RN IERF 21TV, MALDI-TOF-MS 12 X - Tt & i L 7o
(Figure 3-4-3), H/Br KM P3HT » 5 (Figure3-4-3A)9 @ K3POsaq/THF IR % T 5
T L& T, 24 BERRICITIRIE T RVRIG bR S, SR Bk 25
7= (Figure 3-4-3B),
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Figure 3-4-3. MALDI-TOF-mass spectra of P3HT obtained by (A) the polymerization of 3 with Pd-
PEPPSI-IPr at rt and (B) Suzuki-Miyaura coupling reaction of prepolymer (A) and 9 in the presence
of K3POy in H2O/THF (= 0.02 (v/v)) at rt for 24 h.

10 AW T b RIBRIC RS E IEME 21TV, MALDI-TOF-MS 2 X - TRI#E&E 2 MR L
7z (Figure 3-4-4), H/Br K¥n®> P3HT 725 (Figure 3-4-4A)10 @ K;3PO4aq/THF VAWK % ¥
T25ZEICE 2T 3 BRICIT—EHRAE G MR S 7228, @@ IR @M% 572 (Figure
3-4-4C),
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Figure 3-4-4. MALDI-TOF-mass spectra of P3HT obtained by (A) the polymerization of 3 with Pd-
PEPPSI-IPr at rt and Suzuki-Miyaura coupling reaction of prepolymer (A) and 10 in the presence of
K3PO4 in H2O/THF (= 0.02 (v/v)) at rt for (B) 7 h and (C) 24 h.
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Ul ARFTHWE 4 OT J—ARu BT 2T 03 S b m@RIIC ZEHRE 2
b x 7z, S blc—@E L RERGOMAEDOEIIHR IR Te, BEIET 787 54—
DFNA VA T 4 IR0, B FaF iU U7ad Grignard REZ RS2 Z E 088 L UV
FEERRN VBT AT N2 AV THRWERELE T N TE L, ZOMERAXRT Y
—AARB VBT AT A K o THRIGERRELAITZ 5 L HIFFT& 2,
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BEHE ARBIAr VB ATVRREET IR FZ2HAVE BAB B R Tay
HEEGEDOABRKR

U T, BEEOES TR VBT X TV E AW R E RS LA RIRE R < AT L
Tl &AL, REITCIIAR VBT AT VEREBICETDRY AZ 7 ULBAF LD
BREZITV, ARSI e VBT 2T VA ET D@01 % AV P3HT ORIGEMiRH
21TV, BRAYIC B-A-B B MY T ry 7 HEAKOAMRE BiET, FHEETRLERY
TNF VLS bR DEEERMRE BT 2 124412 P3BHT ~DOE ARG 21T O TETH 5,

3-5-1 R VBIATNEEFT DRI AZ 7 Y AVBEAFNAOEREB L PIHT & D h VY
7 vy 7 EGEROE HRE

FTDOIZ, 6 ZRHNWZAXZ YUABERAF /LD ATRP %477~ (Scheme 3-5-1), 6 =%t
LT, 8D NNNN'N'-XUHRAF LT F L2 b YT I (PMDETA), 100 48D A
57 UNBRAF IV ERORE (1) VT 60°C T 10 4y L7z (Scheme 3-5-1),

PinB-PMMA

Scheme 3-5-1. Atom transfer radical polymerization of methyl methacrylate with initiator 6 in the

presence of PMDETA and CuBr (I).

ZORER, GPC LV My = 17650, My/My = 121 OB T2z, £ THNMR A7
NEVBRBRIORBUVBRO T 0 N UM 6 IVESEY T LD L AHERL
EDVT MLV T FNEBYVB UMD A FNZRATAOT 0 h v 7 FvERNT,
FHhiz PMMA OEAEITK 82 LHEH I, 2O BPin-PMMA % H\WT P3HT ~O
BARGZITOZ LT LT,
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Scheme 3-5-2. Kumada-Tamao CTCP of 3 with Pd-PEPPSI-1Pr and end-functionalization of P3HT

with PinB-PMMA in the presence of K3POy4 in THF/H,O.

s 32 A7 aETE~FUALF AT 2 3 LT, 10 mol% @ Pd-PEPPSI-IPr,
30mol% @ PinB-PMMA, K3POs KV % PinB-PMMA (Z%f LT 8.0 % #&, THF %M\ C
SEIRT 1 ARBHP L (Scheme3-5-2), #%AER%, GPC KV 43 F 8 L O E 5 2 J
L, 'HNMR A7 FAdvb PinB-PMMA iRINETH O P3HT OKMG 7w b A HE S
TWB 7 (Figure 3-5-1), PinB-PMMA #MATD P3HT D4r-f&i% 3560, 7 &40
1% 1.36 (Figure 3-5-1A shown as a broken line), FV 7z PinB-PMMA D431 &lX 7650, 43F
A3 1.21 (Figure 3-5-1A shown as a dotted line) T# %, PinB-PMMA RNt 2 A% D
BEOLTRIT 6300, BT EOMIE 1.57 Tholo, hEFRE DS TRIT 19200, 27
B|OMIE 1.28 Th o 7= (Figure 3-5-1A shown as a solid line),
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49815

Elution time (min)

Figure 3-5-1. (A) GPC profile of product (M, = 19200, M./M, = 1.28, shown as a solid line)
obtained by Kumada-Tamao CTCP of 1 with Pd-PEPPSI-IPr ([1]o/[Pd-PEPPSI-IPr]o = 10, M, = 3560,
My/M, = 1.36 shown as a broken line), followed by Suzuki-Miyaura end-functionalization with
PMMA-BPin (M, = 7650, Mw/M, = 1.21, shown as a dotted line) in THF/aq. K3PO4. (B) '"H NMR
spectrum of P3HT-b-PMMA.

BRE R Z 1TV REJED PMMA ZHY BRUVN =728, P3BHT & PMMA O#RLE 25 H
L7Ce PMMA DA FNTZATNADTa N 7PN L PBHT OF 47 = BO7 1 b
YV 7T NVOHIE PBHTPMMA=10:166 L7257, 4D P3HT OFHEAKE % 'HNMR
AT PAHEH 101 EHEH L2, Az PinB-PMMA O EAE (NMR) 28 82 T
HHZLEEZBERICANDE, NV Tuy 7 kBAKTH D 72D 0B H MK IT
P3HT:PMMA = 10:164 L7257, IWBRAERMII MY T uy 7 HBEEETH D Z L HRIE
SNz, E6IT, WHRAERMO 'HNMR LY 6.9-6.8 ppm FITIZHFEET S P3HT @ H Bk
O Br REGD Y 7T NABHEHRLTWAHZ Enb b Y T ay 7 ESEOAERIHR S T
Sz,
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BAE ¥

FEH-ERMBESHEARICEET ) AR Uik (mAT)V) SEEKSRERNT 2
Z LT one-pot TINETHATERNSIEEFRENHAMIEATE 50O TIERVNE
EZle, TAT7 = F ) ~— 3 1Z% LT, Ni(dppp)Cl 3 XU Pd-PEPPSI-IPr, 30 mol% @
R VBT ATV 4, WEKEKR (7 vber v a KBEIYTL UV UBEDY U L),
18-7 7 -6-=—TF )V EUI L, BIECTEEP L, il JOME, 18-crown-6 3 LUK
DEIZDVWTHRET LICHER, ARSI TR 722 fil i3 Pd-PEPPSI-IPr, k& LTY &
B=H1 75 187 T 0 6-T—T VRIRMOZEMT 4 BNE 3 BT P3HT DIFL A
LR 4 KD CFi-CeHy F & 725 L% 'HNMR A7 hLis LY MALDI-TOF-
MS X VHER LT, o KOBRIIFISHRICREREE L BN E bW LNIR T,
S HIZHFEM 15600 D H/Br R¥iz A9 5 P3HT Ixt LT, Z ORMERERE(LIEN A
TEDILBWABMNT LT, £/, ATRP BMEENLZHETD 6, A VAT 4 AR T
AT 9, B FaF I XU PR BT ATV 5 BXORVA 7 FALT A LR @B
T ATV 10 % AT H M RA I WA 2 B RE LT 5 Z LT L, &&I2. 6 &)1
WA B U BEERAL 2 ARG A %5 PMMA Z &L, P3HT OWARHE~DEAZ G L7,
ZOFER, GPC BLYN 'THNMR A7 kL XY P3HT I PMMA 23iARIZEA S iz
TENHERRTE, BIE LCWe T r y 7 HEAEROBIRIE A ER LT, B4R
ERWctkx 2 a R 9 v 7 ) T ROGDOP CEREFAMEOE VR 8 (AT V) &
ANDZET, AETARTE R ol n EBERFEEHERS T2 AV EEBEM B2 4 2
HTZERTEDEEERD,
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B EBRE

P3HT & 4 ZAVSAR-EHAN v 7V > 7R (Table 3-2-1 entry 1)

PISIE=R 2y 7 %Al 20mL T R752az2fWTHi7A I FRAT. BLOEs
K FTIT /o7, 20mL FRT7 T 22, )oY #t&, b— b2 AVTmEL LA
DRERME L, TS B L CRRICR Lz, £ ZICHEM THF 2.5 mL XL 2-7
BE-3-NF)L-5-3— FF A7 = 156.5 mg (0.42 mmol) Z Mz, PR L THT LT &
L. KIBEZHANT 0°C IZHRHAILT, ZZWC 21M A TRy hrsas4
R THF &% 0.2mL(0.42mmol) Mz, 2 BEREIL L7z, % ZICHEEE THF 0.7 mL 2V
L7z Pd-PEPPSI-IPr28.6 mg (0.042 mmol) % filx, =R T 3 WERIHEER L7, BRAE L 10
mL 77T Aake— b TRET., M, 70T @ L CEIRICE L, 434.2mg
(0.13 mmol), 18-7 7 7 -6-=—7 /L 272.2 mg (1.01 mmol), 7 vk 7 A 78.3 mg (0.52
mmol) & AN THIT /L= TEME L, ERKIEF Tz THF 6.0 mL & 7Z&H/K 0.6 mL il
Ay BERLTHET VI B L, BRCHE L, ZhEHEBO 20mL 7R 7T 2aich
R—=FZAWTMZEBIRTHRE L, 7Y 7L GPC MIER XV MALDI-TOF-MS
BEZIT -7z, 24 R L, 6M MK CZ =0 F L, 7 aad/La T, K
Wit~ 722 U ACHSR LT, 0%, BECTHREZEEL, HARY L LT RREE
B (352 mg) 57z,

P3HT & 4 %Mo 8R-Eilih v 7V > J i (Table 3-2-1 entry 2)

2-T HE3ANFIN-5-3— RF A7 2 156.7mg (0.42 mmol), 2.1M A Y Fr <%
YU LZuTA FTHF %K % 0.2 mL (0.42 mmol), Pd-PEPPSI-IPr 28.4 mg (0.042 mmol),
434.6 mg (0.13 mmol), 18-7 T U 1 -6-=—7 /L 140.4 mg (0.53 mmol), KE{t 7 VU 7 A 283
mg (0.50 mmol), 2/ THF 9.2 mL 3 K OZEEK 0.6 mL % FWCTEET 24 BRIHHHE L%
ERZATV, MR & LT BRELEER (190 mg) 21572,

P3HT & 4 ZHWEEAR-EH Y v 7V > 7 K (Table 3-2-1 entry 3, Table 3-3-1 entry 1)
2-7 BE3ANFIN-5-F— RF A7 22 156.4mg (0.42 mmol), 2.1M A V7 L~ 7%

YU L7 aTA KTHF &K % 0.2 mL (0.42 mmol), Pd-PEPPSI-IPr 28.9 mg (0.042 mmol),
55 35.0 mg (0.13 mmol), 18-7 T 7> -6-=—F /L 402.4 mg (1.50 mmol), U =51V 7 A
107.5 mg (0.50 mmol), Fzfft THF 9.2 mL 38 L OB /K 0.6 mL % H\WT=RIRT 24 By
LEAH 21TV, AR & LT KRG EEE 277 mg) 2157,
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P3HT & 4 ZMW/SR-Eilih v 7Y > 7K (Table 3-2-2 entry 1)

-7 BE3-AFI)N-5-F— RF A7 = 156.5mg (0.42 mmol), 2.1 M A Y Fa )i~/ 3
U7 uZA K THF &K % 0.2 mL (0.42 mmol), Ni(dppp)Cl> 22.8 mg (0.042 mmol), 4
35.2mg (0.13 mmol), 18-7 7 7 > -6-=—7 /L 270.8 mg (1.00 mmol), 7 v {7 A 792 mg
(0.52 mmol), ¥zt THF9.2mL 3 X OEE/K 0.6mL % HWCRIRT 24 Ryl Lo
ATV, MARM & LT BEREEER (371 mg) 2487,

P3HT & 4 ZHWISAR-EHA v 7V v 7 5 (Table 3-2-2 entry 2)
-7 BE3AF 53— RF A7 =2 156.8mg (0.42 mmol), 2.1M A YV 7 B/~ 7 x

vy L7 aFA R THF ik % 0.2 mL (0.42 mmol), Ni(dppp)Cl» 22.9 mg (0.042 mmol), 4
34.9 mg (0.13 mmol), 18-7 T v > -6-=—7 )L 137.9 mg (0.52 mmol), KE&{L77 Y 7 I 28.4mg
(0.50 mmol), ¥zf THF 9.2 mL 38 X OZRE/K 0.6 mL % FHVWTEIRT 24 RERIHE L% Qs
ATV, HARY L LT BREEERE (201 mg) 257,

P3HT & 4 ZHWS8AR-EHN v 7Y v J Kt (Table 3-2-2 entry 3)

2-7 BE3AF S5-I — RF AT = 1567 mg (0.42mmol), 2.1M - YV FRE L~ T %
v A7 vZA KTHF K % 0.2 mL (0.42 mmol), Ni(dppp)Clx 22.7 mg (0.042 mmol), 4
34.3 mg (0.13 mmol), 18-7 T 7 /-6-=—F /b 408.8 mg (1.50 mmol), V > EE=7H U 7 L 106.6
mg (0.50 mmol), FZf THF 9.2 mL 36 X OV&EE/K 0.6 mL & VWV TEIR T 24 Refij#it#e L%
MR ZATV, HARD & LT BEREERER 261 mg) 24572,

P3HT & 4 ZRWE8AR-EH A v 7Y © G (Table 3-3-1 entry 2)

2-7 BE3-AF U -5-3— RF 47 = 156.7mg (0.42 mmol), 2.1M A YV FrEN~<v IR
v hZ v 4 KTHF & % 0.2 mL (0.42 mmol), Pd-PEPPSI-IPr 28.4 mg (0.042 mmol),
4343 mg(0.13mmol), 18-7 7 7 >-6-=—7 )L 4103 mg(1.5mmol), Y V=7V 7 A 105.8
mg (0.50 mmol), ¥ THF 9.2 mL 3 K OZEEE/K 0.4 mL Z AW CEIR T 24 KREfSEE L%
MERZATVN, HAERD L LT BEREEEER (205 mg) 2157,

P3HT & 4 ZHAWESAR-BHD v 7Y v 7K (Table 3-3-1 entry 3)
2-7 0F3AF 53— RF AT =2 156.5mg (0.42 mmol), 2.1M A YV S L~ 7%

YU Ah7 1T A KNTHF ## % 0.2 mL (0.42 mmol), Pd-PEPPSI-IPr 28.6 mg (0.042 mmol),
4 34.5 mg (0.13 mmol), 18-7 7 7 L -6-=—7 /)L 411.8 mg (1.56 mmol), Y VB =H Y U A
107.2 mg (0.50 mmol), #zf& THF 9.2 mL 35 X UOZEHE/K 0.2mL % W TERT 40 KefEfEEe
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L&A 1TV, HARD & LT BREEER 205 mg) 2157,

P3HT & 4 ZHWESAR-EHY v 7Y 7 Kt (Table 3-3-1 entry 4)
2-7 BE3AFIN-5-3— RF A7 2 156.5mg (0.42 mmol), 2.1 M A YV Fr A< %

YLz A RTHF &K % 0.2 mL (0.42 mmol), Pd-PEPPSI-IPr 28.6 mg (0.042 mmol),
4 34.2 mg (0.13 mmol), 18-7 7 U 2 -6-T—7 )L 2742 mg (1.02 mmol), Y V=AU 7 A
108.7 mg (0.50 mmol), #z4ft THF 9.2mL 3 KL OZEHEK 0.6 mL % HWTERIR T 24 FERIHHE
LRI AATV, HARS & LT REREEER (258 mg) %572,

P3HT & 4 2V AR-EHA v 7Y v 7K (Table 3-3-1 entry 5)

2-7 BE3AF Y53 — NF A7 22 156.5mg (0.42 mmol), 2.1M A YV Fr <7 *
Yy hZuTA FTHF %# % 0.2 mL (0.42 mmol), Pd-PEPPSI-IPr 28.7 mg (0.042 mmol),
434.4mg(0.13 mmol), 18-7 7 7 .-6-=—7 /L 271.0mg (1.0 mmol), U »EE =5V 7 L 108.0
mg (0.50 mmol), #zff THF 9.2 mL 38 K OZEHE/K 04 mL ZVWCTEIR T 24 BERIHHEE L#
ERZATV, AR & LT BEREEEE 251 mg) 2157,

P3HT & 4 #HAVWE8AR-E#lH v 7V K& (Table 3-3-1 entry 6)
2-7BE3AFUN5-9— RF A7 2 156.7mg(0.42mmol), 2.1M A V7N~ r %
YU hZuaZA R THF i % 0.2 mL (0.42 mmol), Pd-PEPPSI-IPr 28.6 mg (0.042 mmol),
434.3 mg(0.13 mmol), 18-7 T 7 -6-—F /L 276.0mg (1.0 mmol), V U =5 U 7 A4 107.0
mg (0.50 mmol), Hz# THF 9.2 mL 38 K OZEEK 02 mL & MW CEIE T 24 RefifEde Lk
ERZATV, HAERM L LT BREEER (292 mg) 21572,

P3HT & 4 WSR-S v 7V 7 i (Table 3-3-1 entry 7)
2-7 BEIAFI)-5-F— RFF 7 = 1569 mg(0.42 mmol), 2.1M A V7 rENL~< 7 X

UL/ mTA RTHF ##K % 0.2 mL (0.42 mmol), Pd-PEPPSI-IPr 28.6 mg (0.042 mmol),
4349 mg (0.13 mmol), U E=7"Y 7 A 108.3 mg(0.50 mmol), Fiff THF 9.2 mL 3 X 0%
K 0.6 mL ZHWTEET 24 Fefffitee LELIEEZ1TV), HARSS & LT BEREEE A
(145 mg) #H7=,

P3HT & 4 AW AR-EHAY v 7Y > 7 K& (Table 3-3-1 entry 8)
2-7 BE3-AFI)-5-8— FF A7 93.5 mg (0.25 mmol), 2.5M A V7<%
YU AT A KTHF &Kk % 0.1 mL (0.25 mmol), Pd-PEPPSI-IPr 16.8 mg (0.025 mmol),
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420.4 mg (0.076 mmol), Y >EE=H Y 7 A 63.7mg (0.30 mmol), #M THF 5.5 mL 3 X 0K
K 024mL ZMHWCEIRT 24 RERTEEE LISQE 21TV, HARY & LT R EE
(61 mg) =157z,

P3HT & 4 ZHAWESAR-EEHY v 7V v V& (Table 3-3-1 entry 9)
2-7 BE3-AF )53 — RF A7 =2 93.1 mg (0.25 mmol), 2.5 M A V7 m )< 7%

vy AhZ T4 K THF ¥k % 0.1 mL (0.25 mmol), Pd-PEPPSI-IPr 17.0 mg (0.025 mmol),
420.6 mg (0.076 mmol), Y > FR=7Y 7 2 63.6 mg(0.30 mmol), ¥Zf§ THF 5.5 mL ¥ X O%&
K 0.12mL ZHWTEIR T 24 RERHE LS AT HAERY & LT RFREEE
(50 mg) ZFF7,

P3HT & 4 ZAVICBA-EHAN v 7V v 7 KG ([3]0/[Pd]o = 42)

RISIE=Fay 7 &zl 20mL 7375 2azflNTH7 VI FEHRT. BIO%EH
KT TITR o7, 20mL 7522, ) UP, ., b— M2 HAWTHE LR
BIRERRL, TAI BB L CERICR L, £ ZICHEMER THF 42 mL BN LT 2-7
0 E-3-F L5 — RF A7 =2 2352 mg (0.63 mmol) MMz, KL TH7 LI &
L, KIBEHANT 0°C IZHALT, ZZIZ 2M A TR AT RV LB T,
N THF & % 0.3 mL (0.63 mmol) Jix., 30 R L7z, £ ZIZHM: THF 1.5 mL 2
V&) L 7= Pd-PEPPSI-IPr 10.3 mg (0.015 mmol) # M %, IR T 3 KMHEAE L, BIEHAEL
72 10mL FRA7 T Aak— M TRIET, MEVE, 7V E8#LUTEIRICEL, 4
8.70 mg (0.032 mmol) Z AN THIT VT CEHL L, EHRXIE F Tzl THF 5.6 mL & 2.5
M U UBE= Y 7 AJKERIE 0.05 mL (0.125 mmol), FH% L7~ P3HT THF %% 1.0 mL (3 :
0.105 mmol 43) Az, TR T 17 R L, 6 M HBKRK T/ = F L, ZmrakiL
L CHIH, KRR~ 7122 U LA THBE L., 20%., BELTREZBEL, ElbxFL
w17 v a v bk O TRBAERZITV, A F LV R BEAREMKE L LT 106

mg fH1z,

6 DA

50mL #Bfa A7 7 A 2lZ 5093 g((3.99mmol) AN, ==y 7 #Eift), 7T
B L7z, ERKI FT THF20mL BX Y =F /LT I 2 0.66 mL (4.72 mmol) % MM Z.
0°C THEHLEZ, TOREEIMTT 2-7 0/ Y TFINLTr<wA K 0.48 mL (3.91
mmol) Z{i§ FL 0°C T 1 W] 45 L7z, e — N &AW TAE, THF CTHif,
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AURAETRET CIRBEREE LIz, 77— — KB (220-230°C, 0.03 mmHg) TR, A
REAT CIRTFE L. AGEERD 6 ZINEK 91% 157,

Br
o} 0
(0]

6
mp: 44.1-45.0 °C; 'H NMR (CDCls, 600 MHz) & 7.82 (d, J = 8.2 Hz, 2H), 7.38 (d, J = 7.6 Hz, 2H),
5.22 (s, 2H), 1.95 (s, 6H), 1.34 (s, 12H); '*C NMR (CDCls, 151 MHz) & 171.4, 138.4, 135.0, 127.1,

83.9,67.4,30.8,24.8; IR (KBr) 1732, 1616, 1520, 1463, 1362, 1275, 1163, 1091, 964, 859, 820, 671,
657 cm’!.

7 DA
100 mL ¥ = L2 7T, 6-7rEAHF 2 271 g (12 mmol), AF > F—/b 1.60 g (12
mmol), FEZ 70 mL, JREEEE 0.5 mL ZMx 100°C T 1 AIEHR L, TOHASBEITV,
AW LT7-EEREFR—T NV, =& ) —) KTHE LTz, BETAEEZEE L, HAERY
& LT RGEEEZ 3.07g(75%) &,
H
N._-O
Br Q N Q
o“ N
H
7
mp: > 300 °C; 'H NMR (DMF-d7, 600MHz) § 11.00 (s, 1H), 10.90 (s, 1H), 9.17-9.12 (m, 2H), 7.40-

7.37 (m, 1H), 7.21-7.19 (m, 1H), 7.13 (d, J = 12 Hz, 1H), 7.01-6.93 (m, 2H); IR (KBr) 1703, 1613,
1462, 1326, 1254, 1195, 1150, 1117, 1068, 875, 822, 799, 594 cm™.

8 DERK

100 mL = L 7812, 72.73 g (8.0 mmol) & JREEAD U v A 6.63 g (48 mmol) % Afv, i
KL TT N BHEITV, BRKIET CHME DMF36mL #MMx 7=, ZOH b 2 —EBA
LCT NI VEREITVD, BEIRFT2-2FA~F I Tu<A F 42 mL (24.4 mmol)
ZMZ, 100°C T 1 AL, KT/ UF L, HILAF LT, EkEEE~ 7 %
VU LTHESEE A, WECCEREZEEL, HARD L LT BRAMERKEZ 346 ¢
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(76%) &iz, TOH%I VI TNAT LI 0~ 8T T T 4 — (NFF USRI ATF LY =2:1)
2TV, FREAEER 8 2 0.92g(20%) i,

8
mp: >300 °C; '"H NMR (CDCls, 600MHz) § 9.14 (d, J= 7.6 Hz, 1H), 9.07 (d, J= 8.2 Hz, 1H), 7.35 (t,
J=7.6 Hz, 1H), 7.16 (dd, /= 8.2 and 2.1 Hz, 1H), 7.03 (t, /= 8.2 Hz, 1H), 6.90 (s, 1H), 6.77 (d, J =
7.6 Hz, 1H), 3.71-3.59 (m, 4H), 1.86-1.83 (m, 2H), 1.42-1.30 (m, 14H), 0.95-0.87 (m, 12H); '*C NMR
(CDCIs, 151MHz) 6 168.3, 168.1, 146.1, 145.3, 134.0, 132.6, 130.9, 129.8, 126.3, 125.0, 122.3, 121.6,
120.5,111.4,108.3, 44.4, 44.3, 37.6, 37.4, 30.7, 30.6, 28.7, 28.6, 24.1, 24.0, 23.1, 14.0, 10.7, 10.6; IR
(KBr) 1693, 1597, 1474, 1355, 1193, 1106, 1076, 870, 831, 816, 793, 743 cm’!.

9 DAL

100mL 2L 7%, b— MU EROCTMB LN LREGRL, 73 @ T
FIRICE L7z, 80.565 g (1.0 mmol), FEEEA Y 7 A 0.237 g (2.4 mmol), Pd(dppf)Cls 35.1 mg
(0.05 mmol) BLTV BA(EF 2T — MYARa 0279 g (1.0 mmol) Mz, KL TT IV
TUBWE TN, BRI FCHAMESEZ DMF 20 mL #M%, 95°C T 1 H##
Lize B4 bAHlE L, LA TF L THIFEITV, BELTHEEEAZ#EE L, 9E HPLC
(7 m )by TR LR IREMIERIERD 90.082 g (13%) %437,
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9
'H NMR (CDCls, 600 MHz) § 9.17 (d, J= 7.6 Hz, 1H), 9.12 (d, J= 8.2 Hz, 1H), 7.48 (d, J= 8.2 Hz,
1H),7.34 (t, J= 8.2 Hz, 1H), 7.17 (s, 1H), 7.03 (t, /= 7.6 Hz, 1H), 6.77 (d, J= 8.2 Hz, 1H), 3.74-3.65
(m, 4H), 1.91-1.86 (m, 2H), 1.43-1.25 (m, 28H), 0.94-0.87 (m, 12H); '*C NMR (CDCls, 151 MHz) §
168.2, 145.3, 144.3, 134.3, 133.6, 132.5, 129.8, 128.5, 124.2, 122.1, 121.7, 133.5, 108.1, 84.0, 44.2,
44.1,37.5, 37.4, 30.7, 30.6, 28.7, 28.6, 24.9, 24.8, 24.1, 23.0, 14.1, 14.0, 10.7; IR (neat) 2223, 1655,
1638, 1509, 1459, 1402, 1122, 854, 555 cm™'.

P3HT & 5 ZAVVEgAR-HHA v 7V v 7K

FOSE=ZH 2y 7 A2l 20mL 775 2Aaz2HNWCHlT LIV ERS T, BLOESR
[P FTIT7e o7z, 20mL F¥ 7T 2a, Y P, ¢, b— M2 HAWTHE LN
DREFREEL, T/ ER L CERICE Lz, & IS THF 7.5 mL [ZEM L7 2-7
2 E-3-F U)V-5-8— RF A7 = 466 mg(1.25mmol) ZhNx., BER L TR LI B
L, KIBEHAWT 0°C IZHH LT, ZIIC 2IM A Y FaEA= TRy ubhrua5( R
THF ¥ % 0.6mL(1.26 mmol) ANz, 30 23 Lz, & ZICHzM: THF 2.0 mL 1Z¥EA>
L 7z Pd-PEPPSI-IPr 84.9 mg (0.125 mmol) Z Mz, ZE T 3 BREE L=, BEHAELE 10
mL 7RAT7 T Aakt— NI TRIET, %, 7V 3@ L CEIRICEL, 517.6mg
(0.075 mmol) Z ANVTHIT VI CTEHR L, EHRKE F Tzt THF 2.0 mL & 25M VUV
W=7V 7 LKEHE 0.12 mL (0.30 mmol), ##¢L 7= P3HT THF ¥ 2.0 mL (3: 0.25 mmol
53) Mz, |IET 24 BRI L, 6 M BBKIEIR T/ = F L, A& /) —)/7 aakiv
LT RZITV, A2 ) =V REREZEIR L, REAREE S0mg 2187,
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Figure 3-7-1. 'H NMR spectra of P3HT obtained by Suzuki-Miyaura end-functionalization with 5 in
in CDCl; at 25 °C

P3HT & 6 ZMAWVSAR-HlN v 7Y & 7 i

FOGIE=Fay 7 &alc 20mL 77 2azAWTHT VI FHIT, BLO=ER
R T TIT2 o7, 20mL ;75 Ra, YUY $#t&, b— b T2 FAWTME LR
DIEREE L, 7T ER L TERICE L, & 2ICHE THF 42 mL [ZE» LTz 2-7
1 E-3-~F U -5-3— FF A7 = 2359 mg (0.63 mmol) 2z, AL CHiT LT &
L, KIBERAWT 0C IZmAILE, ZTIIWC 21M A Y Tabr~ T2y hrasA
R THF &€ % 0.3 mL (0.63 mmol) Sz, 30 M L7, & ZICHM THF 1.5 mL (2
¥ 7> L7z Pd-PEPPSI-IPr 42.8 mg (0.63 mmol) Z Az, =IET 3 R L, BIEHAEL
72 10mL FAT7 T Rake— bW TRIET, MR, 7T EBRLTERIZEL, 6
12.2 mg (0.032 mmol) # AN THIT7T VT CEML, BELKHM F CHME THF 14 mL & 2.5
M U= Y 7 LK 0.12mL (0.30 mmol), %4 L7~ P3HTTHF ¥# 1.0mL(3:0.105
mmol 43) %, KT 3 HEBEEL, 6 M HEEAKEKR T/ = F L, 7 rak/LATH
i, BKETRE~ 7 R LU A CHRMR, BUE T OIS E B R L, BEREAER 37mg 257,
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Figure 3-7-2. 'H NMR spectra of P3HT obtained by Suzuki-Miyaura end-functionalization with 6 in
in CDCl; at 25 °C.

P3HT & 9 ZMVVIESAR-HHD v 7V v I RIG

BOSIE=H 2y 7 &zl 20mL 7375 ZAazfnClirr I FEAT. BLoEes
Rt FTIT/R 2702, 20mL Fo 7T 22, YD $t&, b— MU 2 FOTIE LA
DREFREL, 7T B L CRRICRE L, Z 212 THF 5.6 mL (C» LT 2-7
1 E-3-F )V-5-3— RF A7 22 314.5 mg (0.84 mmol) Zhx., B LTHT LT B
Bl KIBEHNWT 0°C IZHH LT, T 2IM A YT n~< TR hraT(
N THF #&# % 0.4 mL (0.84 mmol) Nz, 30 M Uiz, & 228 THF 2.0 mL |2
#7> L 7= Pd-PEPPSI-IPr 56.8 mg (0.84 mmol) Z /%, =R T 3 W Lz, BBRAZL
72 10mL FATZ7ZAazbe— M CRET, Mg, 7o B LTRERBIZEL, 9
19.8 mg (0.032 mmol) Z AN THIT VT CTEH L, FFRKIE FTHE THF 1.4 mL & 2.5
M USBR=7Y v LKEHR 0.05 mL (0.125 mmol), #HH L7~ P3HT THF ¥&# 1.0 mL (3 :
0.105mmol 43) X, AT 3 HMBHEL. 6M HRAEIKCI =L F L, A4 ) —1/y
B e AL A TRBRER ATV, A% ) — A REHEZEIR L, BEEE 24 mg 24587,
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Figure 3-7-3. 'H NMR spectra of P3HT obtained by Suzuki-Miyaura end-functionalization with 9 in
in CDCl; at 25 °C.

P3HT & 10 Z AW/ $aAR-EH A » 7 ) v 7 R

FIGIE= =y 7 &zl 20mL 777 2azfWClir v 3o FRKT, BLORE
R FTITR 27, 20mL T 7722, )oY #t%&, b— MU ERWTNEA LR
DIEHEEL, 7TV ER L CERICE L, £ ZICi THF 42 mL (L 2-7
HE-3-~F I /-5-F— RFF 7 = 2359 mg (0.63 mmol) #hZ., B L CHET /LI &
L, KBEHANT 0°C IZHHILE, ZIIC 21M A Y T~ Rxyvhrsasg
N THF ¥ % 0.3 mL (0.63 mmol) Mx. 30 sy L7z, & ZICHLEE THF 1.5 mL 2
¥ 7> U7z Pd-PEPPSI-IPr 42.8 mg (0.63 mmol) Z %, =R T 3 B L, BRAEL
7 10mL FAZ 7 Rakze— M TRIET, MEME, 703 B LTERICEL, 10
17.8 mg (0.032 mmol) Z AN THIT VT CEM L, EHRZIE F T THF 14 mL & 2.5
M U =4 Y v LKEEK 0.12mL(0.30 mmol), #H% L7~ P3HTTHF & 1.0mL(3:0.105
mmol 73) Mz, R T 3 HEBHEL, 6 M HBKBKE T/ = F L, 7 rak/LATHl
KR~ 7 2T A CHol, BE T CIAE B E L, BRaER 35mg 257,
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Figure 3-7-4. 'H NMR spectra of P3HT obtained by Suzuki-Miyaura end-functionalization with 10
in in CDCl3 at 25 °C.

PinB-PMMA DA%

S (2 MMA 3.0 mL (28.0 mmol), 4,4'-dinonyl-2,2"-dipyridyl (dNbpy) (0.207 g, 0.507
mmol), 6 95.8 mg (0.250 mmol), & L CHMET =Y —/b 05 mL ZMA., BRI LTV
TUEWAE 3 EfTo ., ZHUCRIEER (1)35.9 mg (0.25 mmol) #ZEHERM T TMA, B
BT T B 3 BT 572, 90 °C T 2.6 BEfEE: L=, T0O#%, RIGHREE -78
°C TRHELTREZELEL, ThEFH®TAIFTHIT LI u= v IT57 40— (BEHE
BETHF) THR L, BIETTRELZREEL. ABKHED Bpin-PMMA % 0.79 g (27%, M, =
7650, My/M, = 1.21, DP based on 'H NMR = 82) 7=,

P3HT & PinB-PMMA ZHWESAKR-BEA v 7V v J Kk
NI =Hay 7 &2zl 20mL o779 22207 AT 0BRSS T, BLOEE
R FCIT2 o772, 20mL 7T A2a, Vo2 $t%, be— MHUZHWTMEL 208
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DIREREL, 7V ER L TERICR L, £ ZICHE THF 4.2 mL ([ZEN L 2-7
2 E-3-ANFUN-5-F— RF A7 x> 313mg(0.84mmol) Mz, S L THiT /L= EH#f
L. KIBZHWT 0°C WA LTz, FIWZ2M AT o NI R OL70 T K
THF ¥ % 0.4mL(0.84 mmol) Mz, 30 fE#E L7z, & ZIZHE THF 1.5 mL (ZI&D
L 7z Pd-PEPPSI-IPr 57.0 mg (0.084 mmol) Z/M% ., | T 2.25 KE#E L7, BEHE Lz
10mL FAZ7IAazb— M TRET, MEVE, 73 &L CERICEL, PinB-
PMMA 260 mg (0.034 mmol) Z AN CHET /LT TEKB L, ZEHRKM T CHA® THF 1.4 mL
& 25M U UEE=H Y U LKA 0.1 mL (0.25 mmol), FA% L7 P3HT THF &K 1.0 mL
(P3HT:0.0105 mmol) ANz, IR T 41.25 RFEIBEFEL, 6 M BEROKEIRC/ = F L, 7/
AL A TTHI, BRI~ 7 R 70 A CHEE, BE T CBREEZBEEL, YT ro—T v
/7 e R A TBREREIT, VoFALn—T AREREEIR L, BEAERE 96.2 mg
(49%) Z#37,
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Scheme 4-2-1. Design of monomers according to direction of catalyst transfer.

4-2-1 FA 7 2 -¥ ) DV _FEFER AN T ARDET VG

X-Py-Th-X’ (X, X’ = NN 11 &7 ==)Rua BBr A7)V 12 & D 5% BusPPd
(0) DFETFTTITH T & T, #HAR-BEil CTCP OMEITAE % TFHIT S *5, ZDHA, fill
N Py-Thr Eifi B2y F+NBEIT S &, 12 12X 2ROBHRE, 5 FRNBLAMINS 11
DHHI—HD CX FEAETERID, TOR%IZ 12 LD RTUVARAZMRIZLY, 7z=
ZE#LAEY 13 BRIRICHE O D (Scheme 4-2-2), & 512, 11 OFE{LAIFINA X-Th
M, FE2E XPy HIOELLAREIRINT 14 F20F 15 BENENERK L, Th 75 Py
~OftIERSE) (Scheme 4-2-2a), F£721X Py 7°5H Th ~OfiiEfE) (Scheme 4-2-2b) D F
LWHa%EET VEIERDOEIGIC L > TRETE 5, 14 L 15 2N THERNIC
AR ESEDH0IC, ThEh Br-Py-Th-111b & I-Pr-Th-Brile #f\ %, CIfiA & C-Br
fEEDRONMEZEZTERT 5 2 & CZORGENFIREIC 72 5 L #ifF L7z,
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Scheme 4-2-2. Model reactions of X-Py-Th-X" (X = halogen) 11 with phenylboronic acid ester 12
in the presence of /BusPPd(0) via catalyst transfer (a) from Th to Py and (b) Py to Th.

Br-Py-Th-Br 11a 35 X T Br-Py-Th-I 11b 133CHRAZ BB/ K L7z 16, 1-Py-Th-Br 11e 13K

DEDIWZAEM LT (Scheme4-2-3), Br-Py-Th16 DRFE|X iPrMgCl Z V- 16 7Y =
Y NAZEVAK L ERIGESET 16" 2/ T, 2% NBS LIS EET e 24572,

= L/ THF =\ \L_// CHCl3, AcO =
16 16’ 11c
Scheme 4-2-3. Synthesis of 11¢.

Th-Py uaF e 11 L 05 ¥EO 7 =LA n L BEYFa— LT 2570 12 L O
JE, 3.0mol% @ BusPPdG2, L LT CsF/18-7 T 7 -6, BLUWEHEREL LTD
T N7/ DIFET TE LT (Scheme 4-2-4), BusPPd G2 13, HHIZ LV BusPPd (0)
BRPFET D,
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Scheme 4-2-4. Suzuki-Miyaura coupling reaction of Py-Th dihalides 11 with 0.5 equiv. of 12 in the
presence of fBusPPd G2 and CsF/18-crown-6.

Table 4-2-1. Reaction of 11 with 12 in the presence of /BusPPd G2.

conv. of 11 yield (%)?
entry 11 13/17/18
(%) 13 17 18
1 11a 38 15 trace 19 43/0/57
2 11b 41 9 0 19 33/0/67
3 11c 32 21 6 0 78/22/0

Reaction of 11 and 0.5 equiv. of 12 was carried out in the presence of 3.0 mol% of /Bu;PPd G2 and
2.0 equiv. of CsF and 4.0 equiv. of 18-crown-6 in THF ([11]o = 0.1 mol/L) and water (water/THF =
0.4/5.0 (v/v)). a) Determined by 'H NMR.

11 OEfbREERY 13, 17, BELO 18 OILEEZ 'HNMR A7 hUZ X > TRIET D
7elz, Ma F7203 e & 12 OFUKIC L > THLNARMZ Si0y EDOAT Lo u~
ST 4=k o CHEELZ, Ua, 13, 17, 18 D 6 LD Py /12 b DV 7 F %R %
WWBBRL, T7 XLy 7T ENEMERE L LT, 7 VORI KV Rk &Y
FERDT,

ZE{t® 11a & 12 ORSTIE, Ph TIE#HI N 13 RO Th TEHBEINI 18
NG, Py TEBHREINT 17 T LA EBE SN0 o7 (Table 4-2-1, entry 1 and
Figure 4-2-1),
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Figure 4-2-1. "H NMR spectrum of products (a) obtained by Suzuki-Miyaura coupling reaction of 11a
with 0.5 equiv. of 12 in the presence of /BusPPd G2, CsF/18-crown-6 and anthracene as an internal

standard substance at room temperature, (b) authentic sample of 11a, (c) 18, and (d) 13.

ZORERIT, RPCERINE 17 28 Py 56 Th ~DO45FHNEBEI2 M LT 13 128
ENDDOITH L, 18 OIEARBZICHMEEL Th 2°5 Py IZBBEILICK WI LERBRLTWD,
LU, 13 25 18 N DIEE S NI FTREMEIZA E CE RV e, 12 BN&HANNC 11b @ Th-l #
oy & ROGT %D & FPAL T, Br-Py-Th-1 11b ZRIC 12 & X S 72 (Table 4-2-1, entry 2 and
Figure 4-2-2),
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Figure 4-2-2. 'H NMR spectrum of products (a) obtained by Suzuki-Miyaura coupling reaction of
11b with 0.5 equiv. of 12 in the presence of tBusPPd G2, CsF/18-crown-6 and anthracene as an internal

standard substance at room temperature, (b): authentic sample of 11b, (c): 18, (d), 13.
ZORER, 1318 DAL 33/67 (2 L, Th 5 Py ~O41NAMERBIILE X i

SWZ EWRENT, —J, 1-Py-Th-Br lle & 12 O TIX, 13/17 DAERMLLIT 78/22
& 72 o7z (Table 4-2-1, entry 3 and Figure 4-2-3),
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Figure 4-2-3. '"H NMR spectrum of products (a) obtained by Suzuki-Miyaura coupling reaction of 11¢
with 0.5 equiv. of 12 in the presence of /BusPPd G2, CsF/18-crown-6 and anthracene as an internal

standard substance at room temperature, (b): authentic sample of 11¢, (c): 17, (d), 13.

Tabb, e O I-Py #sr e 12 ORIRIC L > TSN 17 1T 13 ~BIRWIC LR
SHTc, Bk, BusPPd fEIISER R TRBEIZ Licbi TIZRWAS, 727874 —0 Py
B R — Th ~D3FRBEI LT WD EAH LN/ 572, BusPPd (Ph)Br BRAHI %
AWETIALFLYBEOFA T 2T ) v—0BAK - BRT 0 v 7 £EEOEE L FRED
BHEEZBEZEL WD, T72bb, 7727 ¥ —RY IV L RN LD R F—F %7
= ) 2 —OBERITHEIT L7, MOSAERITHET Lish o7, o TIh b OfERIC
FESNWT, SR-EiH CTCP @ L7z Py-Th £/ v—i%, Au B ATy L BEs
ENERN Py & Th IZEATHZ LICLT,
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Scheme 4-3-1. Synthesis of monomer 22.

.0

ON

22 OEAIE, 5.0 mol%®D (o- b U /) BusPPdBr BHIAAI 23 Z AW TAHEDKE E T
THF #, ¥# & L TCsF/18-7 7 U -6 OIFTET TiThi7z (Scheme 4-3-2) , =R TH
AITHERNTHEIT L, 5 49T My = 5610 AR Y ~— (PMEPPyTh) &b /=i, H1&
SYRRVTIE Do T2 (My/Ma=2.28) (Table4-3-1,entry 1), M, 3 X My/M, 1% 3 BRI E CTHIMN
L7 (Table4-3-1,entry 2and 3), 3 Wit M, fE 11840 1%, BAssAl 23 &4 5E /<
— 22 OIIZESHH ED M, 8 5600 @ 2 {FLLETH o7, HlfHl STV RNST
B LRV TFRESIE, BIfFES e CTCP BT L7z o7 Z & g d 5, -20C OE
BT, 5 DBIBIERY v~ —IX X Vg EOMZFF > TV izhy (Table 4- 3. 1, entry 4)
M, 30 DBICAY = — T L, 3 FEITDO TN L7213 72 572 (Table 4-3-1, entry
5o
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Scheme 4-3-2. Suzuki-Miyaura polymerization of 22 with (o-Tolyl) /BusPPd Br 23 in the presence of
CsF/18-crown-6 in THF/H,O.

Table 4-3-1. Polymerization of 22 with 5.0 mol% of 23.

entry temperature (°C) time M, (g/mol)® My/M®
1 rt 5 min 5610 2.28
2 30 min 8860 2.90
3 3h 11840 3.45
4 -20 5 min 2340 1.57
5 30 min 2930 1.60

Polymerization of 22 with 5.0 mol% of initiator 23 was carried out in the presence and 4.0 equiv. of
CsF and 8.0 equiv. of 18-crown-6 in THF ([22]o = 0.008 mol/L) and water (water/THF = 0.5/12.5
(v/v)). a) Estimated by GPC based on polystyrene standards (eluent:THF). b) Polymer was precipitated

during polymerization.

HAWE LR 1-DIBEONZRY ~—DF ) v —iE kgL M,, # LT MALDI-TOF
MS (2L 2 TR Y ~—SERIGDBIR M~ Tz, ZOREE, My 13 12 OERLRN 80 %il7e
D ETRAITHEM LTS, £ OB UTee Mo/My 1 3ERERICER 2 <K 3 THY
(Figure 4-3-1), Zhud 22 2HESHEAS TR BREATHHZ LA R LTINS,
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Figure 4-3-1. M, and M,,/M, values of PMEPPyTh as a function of monomer conversion, obtained
by the polymerization of 22 with 23 ([22]0/[23]o = 20) in the presence 4.0 equiv. of CsF and 8.0 equiv.
of 18-crown-6 in THF ([22]o = 0.008 mol/L) and water (wéter/THF =0.25/6.25 (v/v)) at 0 °C. M, and
M, /M, values were determined by GPC based on polystyrene standards.

IR T 30 HMES L THE SN PMEPPYTh @ MALDI-TOFMS Tit,2 DOEEL—7
DBl SNz (Figure4-3-2), 1 20X, —HOKRMKFRT, bH—HORMRERT
ZFORY ~v— (HBr &), 9 1 DI BEPinyH KR v—Tholz, IHIT, 5
DD—@#D~ A J—t—27 %, Tolyl/Tolyl, BPin/Br, BPin/Br ® Na+ /¥, HH, BL O
B(OH)/H KIR Y ~—& ZNEHIFE TE 72 (Figure 4-3-2), H Rl NHCl KIEHRIZ &
%7 T FIZ LD BRinB L OE IR Y = —-Pd-Br KIgOMAKDRNSEL B0, &
WEGOETEZEMNT 2, 22 © CTCP HBAAI 23 TEZ 256,23 O MU AVER—F
DRHEA S, BY ~=—0 Pd-Br RUFHBMASAEIZ L > T H RKic LI nsd, 2%
D, TolylH EKi¥n AV ~——7 BRI ENDILTTHD (Schemed-3-3A), LnL, D
v’ — 71X Figure 4-3-2 TIFBE S e o T,

95



I’ A \\
o |
i OA |
= !
! i
bllo o E
LI d o]
! i
]

sU LN
: y i
\ ’
Soo3200 3400 ¢

O H/Br V¥ B(Pin)/Br and

A B(Pin)/H+Na WV B(Pin)/Br and +Na
[J Tolyl/Tolyl < HH

A

3000 3200 3400 3600 3800 4000 4200 B(OH),/H
Mass/Charge Q& )2

Figure 4-3-2. MALDI-TOF MS spectrum of PMEPPyTh obtained by the polymerization of 22 with
5.0 mol% of 23 and CsF/18-crown-6 at room temperature for 30 min (Table 2, entry 2; M, = 8860,
MM, = 3.68).

ETNBOSZE Y BusPPd filllES 7 7 7% — Py 235 R — Th ~SFARBEIT5 =
MR LTCIZ b b B9, 22 @ CTCP AT LRV 0y, ZBITAIBIBERIC Pd fil
BB ED b OREE L FERIIBINEBETRETH D LE X, Py BRICHBLNBE) L
% a. Pd i3 22 2=y o Th ICHIBICBEN L, ZO%OFNERIEAINNE Z -
T, HIffshd CTCP B 6IET TH D (Schemed-3-3A), LA>L., Th IZfibEABE) L
1. Pd LI Y = —RERCHT T ic i S hiz 22 ==y O Py ICBBITE P, £
/= 22 ~OSFHIBENEI Y, ZORRE /) ~v— 22 HHEAVPHIAS, HBr B
L O B(Pin/H Kz H 35 PMEPPyTh 55N E &2 55 (Scheme 4-3-3B),
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igtramolecular
ﬂ\ k ransfer

1) RE h = S
R R

R: methoxyethoxypropyl Tolyl/H end-group PMEPPyTh

intermolecular
transfer

0, ey =
- g Br—AUeNYy, | ® \S/ Br
o = 5 o ! N n
B\ »—( B R
(0] N H/Br end-group PMEPPyTh
R 2

ah.;t o e mi%@—o}

RE: reductive elimination, OA: oxidative addition B(Pin)/H end -group PMEPPyTh

Scheme 4-3-3. Proposed polymerization mechanism of 22 with 23: (A) expected Suzuki-Miyaura
CTCP, (B) step-growth polymerization to afford PMEEPPyTh with H/Br and B(Pin)/H ends.

97



BUE FA T2 -EY DU IERFRE ) v — OEAEE O

Scheme 4-3-3B IR SN D EHAMMERIET D729, e LFz=ARu B ra—iL
TAT)V 24 LDETIVRIGE, BusPPdG2 DFFE T THEhfi L7- (Scheme4-4-1), Pd(0) 73
Py @ C-1 fEEZMAL, HiVVT 24 1L D M TV AR ZILRIEHIEEZ b, BEEHMEICR
WTRERDEERTH D Th-Pd-Py SEESEIRIICE BN D & T L7 (Scheme 4-3-3B),
e L7 =2= VAR UVBRT ATV 12 OFFIRIGTIE, Py 5 Th ~O4 TNt E)
CEY 7 ==V B 13 2N 78% DBIRETH S TS (Scheme 4-2-1, Table 4-2-1,
entry3), —J7, lle & 24 OIS TIE, —BHIE 26 1L 60%DBRKTH LI, “HEH 25
1% 37 %ETIKT L, 76T, Pd filiitix, Th-Pd-Py $&(&75 DB THIBBERIC Th ki
BALL. Th 26 Py ~"BEIT25Z L RBUSRF~EH L ERMATE, BEAICBWNT
Scheme 4-3-3 B OB#ICHE > THRREADEIT Lic 2 L BNEM T bhz

(0]
S BI‘; S s s
. 7
(0]
S ., Yasa Ve VA
—.—>
25

| Br o
=N\ BugPPd G2 3%
11c S 7\ S 7\ S S
Br + |
\ / _st\/ =N 27\/ \ /
60% 3%

Scheme 4-4-1. Suzuki-Miyaura coupling reaction of 11c with 1.0 equiv. of 24 in the presence of

BusPPd G2 and CsF/18-crown-6.
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BHE F&®

BwP B %> Pd BAAAIC LD Th-Py Z“FHFR DA T/ ~—OHA-EH#
CTCP Z#at L7z, X-Py-Th-X' &7 z=/Ru R AT IVEDETIRIGCE > TT 7
¥ 7% — Py b K — Th ~ Pd MRS FRBE LT W EEZHLMNI L, £OHE
BICESNWT E/~v—HDPy &L ThiZEFNEN Pin)B & Br2EALL, LLLRMHDL,
ERE /) v —0BEAEBREAEBH LR LI, ETAREBEGOBOR—REMHT L
720, Z72=Ra B AT VORbYICTFF 7 2R u e AT )V L 1-Py-Th-Br %
Fin&®5Z Lick»T, RY~— -Py-Th-Br & (Pin)B-Py-Th-Br €/ ~v—,L D KT R R
A L > TR END Th-Pd-Py $&E LV R EE- T2, ZDOFER, Py 725 Th ~
DS FRBENOEIA OB BB S, Py ICBEHR SN Th 2Bl 1B 8 A &
feleb B2 BND, LicdhioT, DA ZFEHFRE/ v—D CTCP DL, €/ ~v—H
DD S FHBE) (2D Py-Th £/ ~—0 A b D ~) TR, R ~—IZ#k
ENTWVDHE /v —HA~OMBEOBE b /c L TV RITNIER L 20N LB LT
oz, BIRAIBBEED (ZOEAICBIT S Th-Pd-Py OEITHIBLEER D Py ~OfiEnH
) R EIC D 2=y MIBE LGS, MHOEMMIER SRV EBbhs2, Pd
R N AR T AT 5 2 L ic kD, Pd D D & A DL D 1 EEROLE
b= —REEC 2R, X D 226 A ~ BXO A 226 D ~BE#IT5Z L0
ARECHDLEEZBND,
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AHT  EEBRIE
FAT7 2 -BYPE /) I— FK 160 DERK

FISEET, M7 VIV FERITRBIOERKR T TITo%, S0mL 7275 ZXa%xt
— M TRET ., N, 7T @R LU CERIRICR L, 275 2.55g(9.9mmol) AiL,
T NVT B LT, BEAE L S0mL 727 7 22tk Y 57 A 0.4273 g(10 mmol)
A, B — DA TRIET, INEE, REH L, |IRICEKE L, &2~ 5-Bromo-2-(thiophen-
2-yl)pyridine 2.417 g (10 mmol) Z AFLCHIT /L= CEW L, M8 THF 10 mL MK -
TNHNIAVEBRL, A Y TR ENY TR A 0T RO THF &K 2.0M) % 12mL(23
mmol) Z{H FLTIA, 5 BRI L1z, T D%, ZOREEEIZED 50mL F 275
A~ VAN T, 0°C THFLTMZ, BRT—HAME L, 0%, FA5mR
TR T LB T 2 F L, HLAF Lo CHIHL, KRB~ 7 % > 7 A TR, I
JEAL T2 R L, HARM E LT BEMMERE 2.756 g MR 96%) %157, HAER
Mae VDATNATG bra<x NTFT7 44— (~NFHU HEAF LY =3:0) THERILTH
GEERD 160 % 0.890 g (INF 31%) 157,

S g =4
\ ]\ 4
16’

mp 100 ~ 102 °C

'H NMR (600 MHz, CDCl3) & 8.75 (d, J= 1.4 Hz, 1H), 7.97 (dd, /= 2.1 and 8.3 Hz, 1H), 7.58 (d, J
=4.8 Hz, 1H), 7.45 (d, /= 8.9 Hz, 1H), 7.41 (d, /= 6.2 Hz, 1H), 7.11 (t, J= 4.8 Hz, 1H).

13C NMR (126 MHz, CDCl3) § 150.6, 147.9, 139.3, 138.1, 133.8, 126.1, 119.4, 118.7; IR (KBr) 1562,
1462, 1363, 1085, 994, 822, 702, 623 cm’!,

FA Tz -B YTy Bl K 1le DEFK

200mL A7 7222 16’ % 0.5756 g (2.0 mmol), Z r kLA 10mL Mz, 0°C T
Btk Uiz, BLEAE L2 50mL 27 5 2 212 NBS0.3644 g(2.0mmol), 7 m AR/L A 10
mL, HERR 20 mL Z Adv, NBS BFEAZFRL, RIZED 200mL F A7 T 2 2|22 O
RAER T Uiz, W T, BIRICE LB Lz, GC X0 EE 160 OMNHE 2 HER%. KT
JxrF JuadV AT, FARBET Y Y LKAE YRS BT Y UL
THR U7z, W, WET CRIEREL, MAERBE L Y ISV T hru~ v I5 T 4
— (FV M ATF LY =3:1) THEEL, 20%, T b (BIREETEE
THEERZITV, REABEKD 11e % 03629 g (50 %) 57-,
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11c
mp 124-125 °C
'HNMR (500 MHz, CDCl3) 8 8.72 (d, J= 1.1 Hz, 1H), 7.97 (dd, J= 2.0 and 8.6 Hz, 1H), 7.37 (dd, J
=1.1and 6.3 Hz, 1H), 7.31 (d, /= 4.0 Hz, 1H), 7.06 (d, /= 4.0 Hz, 1H).
3C NMR (126 MHz, CDCI3) § 155.5, 144.8, 134.9, 131.0, 125.0, 119.6, 117.3, 115.7, 86.1; IR (KBr)
1561, 1462, 1425, 1361, 1082, 987, 829, 800, 455 cm"!.

7z =R e Uk S OFETNVEISAERY O AR X O

POSIZET, M7 VI FRAKR TR LIUOERKI FTIT272, 30 mL FRAZ7 7 2Aa%xkb—
AV CIE T, BV, EBREH L CEEE TR LK, (o-tolyl)BusPPdBr23 4.0 mg (0.008
mmol)& 7 7 A AT AR, THF U EW LT, Fiff THFS.0mL 23V U HWTT T A
2IMZ, WiRE 7NV TS LTz, 120.10 g(0.50 mmol), 11a0.33 g (1.0 mmol), 18-7
Z172-6 1.04 g (3.95 mmol) XL CsF 0.34 g (2.2 mmol) Z7&E/K 0.8mL 3L O THF
Wi 5.0mL 27 VI THRL, W=a2—FF8HWTT7 I AR T, RINREW %
T 190 FEERIE L, SOG%E SM R C/ =0 F Lie, Zaadk/LATHH L, 10 wt%
HALT B YU ARSI A N2 FEEE 2 1 a L A CHi U7-, ARS8 % NaySO, THiff X4,

W2 E T CRE L, 2% 'HNMR 470 DIER & AR ERTE L, BT AT
KXo TR L, /uv bl T 74— Si02, ~FH v /Pr7um Ay =2/1) Ik, B
fEA 13 (35.7mg, 12%), HEEAER 17, 1la ORAY, BI O 18 2EAEIKE L
TH= (574 mg, 26%),

13: mp = 153-154 °C; ' H NMR (500 MHz, CDCl;3) & 8.83 (dd, J =2.6 and 0.7 Hz, 1H), 7.90 (dd, J =
8.3 and 2.3 Hz, 1H), 7.74 (dd, J = 8.3 and 0.9 Hz, 1H), 7.68 (tt, /= 4.0 and 1.4 Hz, 2H), 7.62 (tt, J =
5.2 and 1.1 Hz, 2H), 7.58 (d, /= 4.0 Hz, 1H), 7.49 (tt, /= 5.3 and 1.7 Hz, 2H), 7.42 (td, J = 6.3 and
1.0 Hz, 3H), 7.36 (d, J= 4.0 Hz, 1H), 7.33-7.29 (m, 1H); 3C NMR (126 MHz, CDCI3) § 151.3, 147.9,
146.2, 143.5, 137.5,134.9, 134.6, 134.2, 129.1, 129.0, 128.0, 127.8, 126.8, 125.7, 125.4, 124,1, 118.4;
IR (KBr) 1590, 1473, 1449, 1372, 1261, 1080, 1028, 834, 809, 769, 755, 690 cm.

17: ' H NMR (500 MHz, CDCl3) & 8.78 (dd, J= 0.86 and 2.3 Hz, 1H), 7.90 (dd, /= 8.3 and 2.3 Hz,
1H), 7.65 (dd, /= 0.72 and 8.0 Hz, 1H), 7.60 (dd, J = 1.3 and 8.3 Hz, 2H), 7.50 (t, /= 7.6 Hz, 2H),
7.40 (m, 1H), 7.34 (d, /=4.0 Hz, 1H), 7.08 (d, /= 3.7 Hz, 1H); GC-MS: calcd of 17 for [m/z]: 314.97,
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found: 315.30 and calcd of 11a for [m/z]: 318.85, found: 319.10.

18: mp = 156-158 ° C; ' HNMR (500 MHz, CDCl3) & 8.61 (d, J= 2.3 Hz, 1H), 7.81 (dd, /= 8.6 and
2.3 Hz, 1H), 7.67 (dd, J= 8.6 and 1.1 Hz, 2H), 7.55 (m, 2H), 7.40 (t, /= 7.6 Hz, 2H), 7.32 (dd, J =
6.0 and 1.6 Hz, 2H); '3C NMR (126 MHz, CDCl3) § 151.0, 150.5, 146.7, 142.5, 139.1, 134.0, 129.0,
128.0, 126.0, 125.8, 124.1, 119.6; IR (KBr) 1567, 1467, 1446, 1365, 1292, 1093, 1000, 827, 809, 754,
742, 686, 451 cm’!.

FATZ BV PP a Ul la BERT = =R e ViR 12 DETRG
FIGIEET, M7 VI FRRTRELIOERRM FTITo%, 30mL A7 A%k b—
NV CRIE T, IEVE, EREHR L CERE TR L, BuPPd G2 8.0 mg(0.016 mmol)%
7AW, TVABER LT, §f THF2.S5mL %, YV U PEHAWVWTTZ 7 22
Mz, WiksE7Nra 2 ThA L, 120.051 g(0.25 mmol), 11a0.16 g (0.50 mmol), 18-7 F
7 -6 0.53 g (2.0 mmol) 3L CsF0.17 g (1.1 mmol) 78K 0.4 mL 35 X OWLME: THF (&
W 25mL 7NV A THARL, =a—F2ANWTT 7AiMl KISREWE =
IRC19 R L, )b E SM BT/ = F Lic, Zua i/ ATHRE L, 10wt%
bF b U O LKEREMZ, BEZ oL AT Lz, 8% NaySO, TS H,
TR E FCEELE 0.69g), MIZEE LTT > F 712 0.053g(0.030mmol) Z¥HSA L,
'HNMR A7 RVG s DUNER & AR LR & U8 LTz,

FHATZxz-BEVTVInv AR b BEPT =R a U 12 DET VG
FOSIFET, M7 VA FHK TR IOERTR FTITo7, 30mL TAZ7 7 X3k e—
NV TCRUE T, MEME, ZHREHR L CEEF TR LK, BusPPd G2 8.1 mg(0.016 mmol) %
TIAARAN, TN BE#R LT, ¥E THF2S5mL 2, YV O ANWTT7 7 2l
Mz, WikzE=7 VI ThAR L, 120.052g(0.25 mmol), 11b0.18 g (0.50 mmol), 18-7
7 2-60.53 g (2.0 mmol) I3 XL CsF0.16 g (1.1 mmol) #7884 7K 0.4 mL 3 XL THF (2
WiR 25mL 27 VA THRRL, A=2—FEAWTT7 Z 23zl OGNREWEE
RT S5 BMERL. BKE%E SM B CT/7 v F L, ZaahrVvATHEL, 10w%
{bF R Y T LKEEEMA, BEZ ookl CHIH Lz, BHEL NaSO, THR S+,
A BE T TEELRE (0.76g), WEEL LTT7 > b T &1 0.085g(0.048 mmol) Z¥RAIL,
'THNMR A7 MG DILER & AR R 2 R E LT,

FA Tz B onur R e BEOT == /vRa VB 12 OFETIVEIG
RIGIEET, Mirv VI FRHATEBLOERRI FTITo7, 30mL FA7F7 A% b—
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N TCIRIET, INEVE, BREWRL CERE TR L7, BusPPdG2 8.2 mg(0.016 mmol)%
TIAAZAN, TAIBER L, B THF2S5mL %2, YU PERVWTTZ A2
Mz, \WRE 73 A Lz, 120.051 g(0.25 mmol), 11b0.18 g(0.50 mmol), 18-7 F
7 2-6 0.53 g (2.0 mmol) 33 X O CsF 0.056 g (0.37 mmol) #788E/K 0.4 mL 3 X OWLIE THF
IR 2.5mL #7 AT TR L, Y=a—FFHWTT7 7 AallMx i, KINEEWE
EIRT S ARMEERL, E%E SM BT/ =rF Lk, Zuad/ LA THHL, 10 wt%
HWAET R U U AKESIR A A FRE 7 v a kb ATl Uiz, ARUE 2 NaySOy THAMR S+,

VI ZWE T CEELE (081 WIEE LTT Y h 71k 0.093g(0.052mmol) ZHM L,

'HNMR A7 MAGHTN GBI & AL ERZIRE LT,

20 DEFE

FOSIEET, M7 VI FRER TR LOERIIE F T{To7c, Yoar—bBIXR=hay 7
A7 100 mL Z2QOFAT7TAazb— bH U TRIET, MEGE, EXREHEL TR
FCRLE, Y7o’y Py 19214 g (6.06 mmol), BFa—/L 2- FAT7 =R R
1.20 g (5.71 mmol) | Pd(OAc);0.028g (0.12mmol), hY 7 ==L A7 ¢ > 0.18 g(0.67 mmol)
KEE{EH Y 7L 0.64g(114mmol) 27 T A AN, T/AITEH LT, W 7=
FUJV SOmL &, YU VEAWTT ZAIMA, WiRET VI THR LT, €O
Wik% 100 °C T 6 AL, IGEKTI = F L, HEAF L CHIHL, A%
J&% NaySOs CHLIR S, A MET CBELE, Biix/n~ h/T7 44— (Si02, ~
XY UMERTF L =4/1) ([ZX > TR Lz, FHERE 20 2 027g(13%) 257,

' H NMR (600 MHz, CDCl3)  7.75 (d, J = 8.2 Hz, 1H), 7.55 (d, J= 3.4 Hz, 1H), 7.38 (d, J= 5.5 Hz,
1H), 7.33 (d, J= 8.2 Hz, 1H), 7.01 (t, J= 4.5 Hz, 1H), 3.63-3.55 (m, 6H), 3.40 (s, 3H), 3.02 (t, /= 7.6
Hz, 2H), 2.15 (quint, J = 6.9 Hz, 2H); 3C NMR (126 MHz, CDCls) & 150.6, 144.3, 140.7, 140.4,
128.3, 128.0, 127.8, 124.7, 117.2, 72.0, 70.7, 70.0, 59.1, 33.5, 27.5; IR (neat) 3070, 2869, 2347, 1561,
1442, 1420, 1116, 1020, 820, 702, 426, 410 cm™' .

21 DA

FISIAT, M7 2 BHRETBEOERER T i ot, Zha vy 2zl mLF
A7 T AR — MU TRIET, MEE, EFREWHR L CEIRETRLI, 20027 g (0.77
mmol) % 7 7 A A, TV EBR LT, Ry FLr=—FT)V 21mL %, U Y
ERWTINZ, -718 C IZHHI LTz, 1.61Mn- TF NIV F T L ~XH AR 0.55mL(0.87
mmol) %-78 C BHI FTH F L, -78 °C T 3K L=, TO%, VA Y T EAR
2 0.182(0.94 mmol) DY =F N —T )L 0.6mL FiEKE, VU P ERAVTMA,
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FIRTIHIT 2 FEEME L, B =—L 0.11g(0.94 mmol) OHMEI—F LT —F L 0.5
mL @ RE, VY VERAWTNAT, 5 55tk BilE% 0.05 mL ANz, SR T 2 ReHH
L7z, KEMZ T/ o F L, VFLo—F L THIE., BEBEZREET Y 7 AT,
WET T2 BE L, BiEEZ/a~ b7 T 74— (Si02, ~FV U /ERRTF L = 3/1)
(Ko TR L7z, IRRERMIRAE 21 % 0.607 g (20%) %157,

' HNMR (600 MHz, CDCl3) § 8.00 (d, J= 7.6 Hz, 1H), 7.61 (d, J= 3.4 Hz, 1H), 7.43 (d, J="7.6 Hz,
1H), 7.38 (d, J= 4.8 Hz, 1H), 7.01 (dd, J= 3.4 and 4.8 Hz, 1H), 3.62-3.52 (m, 6H), 3.39 (s, 3H), 3.12
(t, J= 7.6 Hz, 2H), 2.07 (quint, J = 7.2 Hz, 2H), 1.35 (s 12 H); 13C NMR (126 MHz, CDCl3) § 167.7,
153.1, 145.6, 144.7, 144.6, 132.2, 127.9, 127.8, 124.7, 114.9, 83.8, 72.0, 71.2, 69.8, 59.0, 34.1, 29.9;
IR (neat) 2978, 2927, 2869, 2361, 2343, 1580, 1425, 1386, 1355, 1146, 849, 706, 669 cm"".

22 DERL

210.81 g (2.0 mmol) &7 wrA/A 10mL ZAJET T A3 |Z AN, 0 °C THELE, M
TuERZ VA I K 047g(2.6mmol), HEE 20mL, 7 mukiA 10mL DEAKEE., &
VoPaRAWCHT Lz, iR T Lz, FAWET b v aKRKEZMZTr
YF U, BB ATF Voo, AHE AREET MY U A TR, WE T TR 2B E L,
iz HPLC (7 mua i b)) Ik o TR U7z, AR 22 % 0.32g(82%) %
iz, :

"H NMR (600 MHz, CDCl3) § 8.00 (d, J= 7.6 Hz, 1H), 7.45 (d, J= 7.6 Hz, 1H), 7.31 (d, J=4.1 Hz,
1H), 7.04 (d, J= 3.4 Hz, 1H), 3.61-3.54 (m, 6H), 3.39 (s, 3H), 3.10 (t, /= 7.2 Hz, 2H), 2.07-2.01 (m,
2H), 1.34 (s 12H); *C NMR (126 MHz, CDCls) & 167.7, 152.2, 144.7, 130.8, 124.5, 115.5, 114.2,
99.9, 83.9, 72.0, 71.2, 69.8, 59.1, 34.0, 29.8, 24.8; IR (neat) 2978, 2926, 2870, 2361, 2343, 1579, 1426,
1385, 1349, 1308, 1136, 963, 854, 670 cm"".

FAT 2 BV D EFRBE ) v— 22 DEA

BISIET R_RTHT VT FAKT, ERK[M FTITo7, 20mL FRT7FAakb—k
T CRETIEME, 7A@ L T=ERETHE L, 230.0011 g (0.0022 mmol) % Al
T ERL, B THF20mL Mz, KL TT I @ LT, BRHAE L2 10mL
FUT7 TR — N UTRETHEE, 7TV ERLTERETHEL, 220021 g
(0.044 mmol), 7 v{tE 7 2 0.030 g (0.20 mmol), 18-7 T 7 -6-=—F )L 0.105 g (0.40
mmol) KO 7 X L' 0.012 g (0.096 mmol) ZMx, #7 VT EH LT, ZO%, Hk
THF 43 mL ROZEEE/K 025mL Mz, B L THET LI @8 L=, ZO®WKRERIEED
20mL FRT7FRa~HX—F&FAVWTIA, 0°C T 79.5 Rk Uiz, ROSK T, K
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7 v E=y AT F Zua i LATHB L, KR~ 720 A2 AV TRIRS
Wiz, £O%, BIE T CHBEELZEEL, RARBIK 0.065 g 47, GC KT GPC XLV 22
DAL T D0 FREE O F B M2 RE L (M= 1750, My/M, = 2.54, conv. = 65.0%
at 10 min, M, = 2280, M/M, = 2.99, conv. = 83.6% at 50 min, M, = 2960, M,/M, = 2.84, conv.
88.9% at 1.5 h, My = 3360, My/M, =2.74, conv. = 90.7% at 2.5 h, M, = 3570, M/M, =2.75, conv.
92.5% at 4.5 h, My = 3750, My/M, = 2.86, conv. = 93.8% at 7.5 h, M, = 3950, M/M, =2.95, conv.
97.4% at 25.5h),

Il

I

7 \_{/ \
=\ s” Jn

MEP
Poly2

FF T - BY PV ok 11,c EHWESAR-EH A 7Y T

FISEE T, M7 I FRRTBIOCERIR T TITo7, 10mL FATZVT Aazt
— N CRET, 2k, BREWR L CEIRE CTRLE, 24 % 0.106 g(0.50 mmol), 1lc
0.183 g (0.50 mmol), 18- 5 7 -6-—F /L 0.558 g(2.11 mmol), X7 vt v A 0.174
g (1.15 mmol) Aiv, #li7 /L= @M Lz THF 4.0 mL B L OZEK 0.4 mL Iz THA
LCHliT V= EH#H LT, 0.00513 M BusPPd G2 #2M5% THF ¥&#E 0.4 mL (0.0021 mmol) %,
B =T FHWTINA, EIRT 19 FEEE#E L, SM BT = F, 7 ma kL A Th
. EAKREEE T R Y U A CTHIE BUE T TR AR E L, BEREREOHRAERY Z . 0.819
g G, MAEBRMEREL VI TNITLIa~ NI TFT7 40— (NFH b ATF LY =
3:1) CHEEL, HEABEKD 26 KO 27 ORAME 0066 g, HEAFEKD 25 % 0044 g
(54%) 7z,

S/ \__S S
\ / =\ \W/A\W/
25

25: mp = 176-177 °C; 'H NMR (500 MHz, CDCl3) & 8.82 (dd, /= 0.9 and 2.6 Hz, 1H), 7.85 (dd, J =
2.6 and 8.3 Hz, 1H), 7.63 (dd, J= 0.9 and 8.3 Hz, 1H), 7.47 (d, J = 3.7 Hz, 1H), 7.37-7.35 (m, 2H),
7.27-7.24 (m, 2H), 7.18 (d, J = 4.0 Hz, 1H), 7.13-7.11 (m, 1H), 7.05-7.03 (m, 1H); *C NMR (126
MHz, CDCl5) 8 151.5, 150.9, 146.6, 142.9, 140.3, 139.5, 137.4, 133.5, 128.5, 128.3, 128.0, 125.1,
124.8,124.5, 124.1,123.9, 118.4; IR (KBr) 1556, 1475, 1426, 1386, 1351, 1298, 1203, 953, 842, 825,
804, 684, 456, 405 cm.
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P a \S/ Br

N

26
26: '"H NMR (500 MHz, CDCl3) § 8.77 (dd, J= 0.9 and 2.3 Hz, 1H), 7.82 (dd, /=2.3 and 8.3 Hz, 1H),
7.53 (dd, J=0.9 and 8.3 Hz, 1H), 7.34-7.33 (m, 2H), 7.28 (d, /= 3.7 Hz, 1H), 7.11-7.09 (m, 1H), 7.04
(d, /=4.0 Hz, 1H); GC-MS: calcd of 26 for [m/z]: 320.97, found: 321.20.

—N
27
27: '"HNMR (500 MHz, CDCl3) 6 8.72 (dd, J=0.9 and 2.3 Hz, 1H), 7.92 (dd, J=2.3 and 8.3 Hz, 1H),

7.43 (d, J=3.7 Hz, 1H), 7.53 (dd, /= 0.9 and 8.3 Hz, 1H), 7.23 (d, /= 4.3 Hz, 2H), 7.13 (d, J= 3.7
Hz, 1H), 7.03-7.00 (m, 1H); GC-MS: calcd of 27 for [m/z]: 368.91, found: 369.20.
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WHE FF T -INF L IEFRE /) v—DARLEES

F—H IXL®IC

FETIIE Y Vv-F47 = kD BusPPd O TFABENIZOWT, SAR-EHEOET
IS % RS AR L, BusPPd 138 Y PUBRNOT AT = VERAMBICOTFRBEIL, €
DWHE~IFTHRBB LIS W EEALNI LT, TOMREEIZ, B PVRNGT
FT7 2 VBT ABET DX RE /) ~v—Thd 22 G L. BuPPd BRLAIZ A
THAR-BEHI TV TEREToILEIATRIIK L TEADHIEAZ T2 LITTE 2
Molz, MDY FRBEIA A L—RIZIHE 2 HIZ b 0vb b T EHES 2 HEF L BR %
BEt L7z & 2 A, Py-Pd(BusP)-Th 281+ 2 Pd OBRTHBIEERIC, FF—THdFA7 =
VERICEAL L CLE Y BmA R O, IR Y ~— O EFRA~DSFNBEE T,
Pd(0) & LCHESHBEI L, BREADRE /- EE X, #iAK-BH CTCP \[ZA%h7: Pd filist
& LCIE BusPPd 7213 T/ <, Hu 5k triadamantylphosphine (AdsP) Pd ', Y4#fFFE=E D/
Y 1X di-tert-butyl (4-dimethylaminophenyl)phosphine (AmPhos) Pd #¥%5 LC3 v 2, M wEE
72 Pd N 2 20H B,

KETIE, ZHFEFRE/ ~— L LT MEOEY P IV T 7274 —HK\W 741
VEBIRL, AT =T F LY (D-A) DHEFRE ) v —OHAR-BH CTCP % Hfs
Lz, 9, ETVKIGIZ L © T BusPPd 38 KUY AmPhosPd D431 BEN S Al L UNE T
HIBLEE R OIS B8 2 TN, SDICZDRBRICESWETF AT - Tt L T
FRT /) ~v—%AK L, W Pd BIAKIZ FHWE8GAR-ElY v 7Y VTEAEERF L, S
BIZ, FATZ =2 -TNFA VO RAEFKBEGEEN—RL L RYTIAFVBIO R F
A7z 7ay s LESEROGH LR LI,
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BH FEI T -TNF LU TEERR AB T/ v —ORERE

5-2-1 AmPhosPd 2V F AT = L -TAA LY “HFFRY T 0 ERKOETINVKIG

8 I LT 05 HED 12,40 YEEOT7 vk VA 8.0 ¥ED 18-7F V-6 =—
7/, 1 mol% @ AmPhosPd G2 (AmPhos: di-fert-butyl(4-dimethylaminophenyl) phosphine) %
HAWTETF VG ZIT> 7= (Scheme 5-2-1),

. @_ g _AmPhosPd G2
CsF 18-crown-6

THF/H,0, t

A<+ O~ o~~~

Scheme 5-2-1. Suzuki-Miyaura coupling reaction of 28 with 0.5 equiv. of 12 in the presence of

AmPhosPd G2 and CsF/18-crown-6.
B ZITV, BIERE I n~ b 7T 7 40— (Zraiib) 1T E 0 BAERY % Bk L .

'HNMR A7 MZ Ko TEMMB LOBRMLUIENENS ZREhOIRE2EH L
(Figure 5-2-1),
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PPM

e T

76 74 72 70 6.8

Figure 5-2-1. '"H NMR spectra of (a) products obtained by Suzuki-Miyaura coupling reaction of 28
with 0.5 equiv. of 12 in the presence of AmPhosPd G2 and CsF/18-crown-6 at room temperature, (b)
authentic sample of 28, (c) 31, and (d) 29.

Figure 5-2-1 £V, 29 BXO 31 OAREHMER Lo, Bt Lo 7 micid 30 LD
NHIEEWIE R >T2, 30 1 28 DINFLUVRICOART = = /VENEIR L TE LN E
B CTHY, FAZ = VBRI == VENEH LI 29 BEO 31 oF A7 =7 m b
IRELEHESE Y 7 FLTWD, 28 DINLF L AIDORIZT = = VFEENEWR LT 30 O
FAT7=rTu b AE, FEALE 28 LRLEICHE SN DI T L E AL, & 51T Figure
5-2-1b @ 744 ppm @ 28 O7)NF L a b (IH 43) & 7.05 BXO 7.12 ppm DO F
A7 xv7m b (2H 4) DI, Figure 5-2-1a DETIVEISERB DO Z D & —F LT
WHZENS, BT ARIGHAERK D 7.12-7.05ppm DL 7 FNIZIE 28 DF A7 =7 v b
VIDEENTWRWZ ENRBIND, 1o T, HAEBRMD 'HNMR A7 k)L (Figure
5-2-1a) °H b 30 IFAEML TRV ERDLND, 7.7 ppm FHTIZ 29 DT )VA LT
FrTHDH Ha BEO Hy MMM LTEY, E6IC 7.3 ppm fHIIC 29 OF AT =71
N He K31 OF A7 =7 a by Hy DERSTCVTTABHERTELLILD, Ha B
L Heo He ODIRET T F ALY AR ERI U, 2O/RER, ARt (29/30/31)=21/0/79
ThY ., TEEMITFT A7 = ANCOHERR LT 31, WOTEREN L VO EHE 29
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Tholo, RIIGDFER & MEENERE L= MBusPPd G2 2 A WEEBOEF VK EOFER 3
% F & 7 (Table 5-2-1),

Table 5-2-1. Reaction of 28 with 12 in the presence of Pd precatalyst

product ratio (mol%)®

entry precatalyst nucleophile time (h)

29/30/31
1 BusPPd 12(Ph-BPin) 73 24/0/76
2 AmPhosPd 12(Ph-BPin) 19 29/0/71

Reaction of 28 and 0.5 equiv. of 12 was carried out in the presence of precatalyst (1 mol%) and CsF/18-

crown-6 in THF/H,O at room temperature. a) Determined by 'H NMR.

m@#aktmmm&zm%mw@éﬁ&@@ﬁﬁi<&fw5:&ﬁbméo
AmPhosPd & [RIFRIZ 31 DERREN LN &b, FA4 7 = VBRI HERR Uil F 4
7mV%W%7wﬁvyﬁmwﬁ%W%@ﬁH@K@ﬁLTEBf\ﬂ%%m3omém
DB TERDP ST END, TVF VAN LBERRISZE D Ui 741 o858

MOFHT7 = VERAMBIZHTFABBIMAET L CZEBRE 29 25X LHHTES
(Figure 5-2-2),

"
| P17 N
o RE
R R R R

L: (BusP, AmPhos

Figure 5-2-2. Expected intramolecular transfer of /BusPPd and AmPhosPd catalyst on thiophene-

fluorene rings in the model reactions.

PLEXY, IVAVUVBRMNOFI 7 = VB~ FRABEH L CESIRRETXAE )~
—EBEERFT DL, TOEAIIMBEBEABHEES BARRCEIT TS 2 TR
%)O
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5-22 REHIL LTF A7 = v R VB AT VR AW EET ARG

Y- TFF 72D FHFRE v — 22 ® CTCP ORFHIIWNT, BusPPd il
BUVTUVBRBNOT A7 2 VBRI FRBEIT08, NY~v—KRiiE 22 EOMTURARAL
AL L CRICHIBBER O BusPPd BEERIAIOE Y O VR TIER L F4 7 = VERICRNL
LIEBA REMOBO Y Y UUBRICBEITE R R Y oM Tl L EA A CTCP
A THEAT L oTo, ZVA L -F A7 20 D ZFHFFRO CTCP ODRFHIBWT L, fil
BEOBRITHIBIBER DO XB LR 2 UNER S D720, REFE 7 = =R n VBT 2TV
12 o TFAT7zrAa BrAT IV 24 \CEZ TRBROET VG %ETT 272 (Scheme 5-2-
1), fiffid MusPPd G2 35 L U8 AmPhosPd G2 % FV /e,

' s Pd precatalyst (1 mol%)
e € -
\ /) CsF, 18-crown-6, H,0, THF
28

Scheme 5-2-2. Suzuki-Miyaura coupling reaction of 28 with 0.5 equiv. of 24 in the presence of Pd

precatalysts and CsF/18-crown-6.

BusPPd Z AW ETNVKIGETHRIZIEAM%Z HPLC (7 v r kb A) I - CTHEEZ R A
7o ZA, THNMR A7 bk 28, 32, 34 THDHZ Lnbholz (Figure 5-2-3c-e),
UL, 33 OERITHER CEXRhvoTc, 7.45 ppm FHITIC 28 D7 VF L 7a h o Th
% Hi KO 7.7 ppm FTIZ 32 7t L 7 a by Hy PMNLTEY, 512 7.65
ppm I 32 BEW 34 D7 AA LT 0 b Thb Hy, Hi NER-TZS T FAHHE
BTE, Ko T HILH; BEO HHy @ 3 DO 7 05 BuPPd L0 AmPhosPd
TNETNORIGTHE LN D AR (32/33/34) % H L7 (Table 2-3-2),
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Figure 5-2-3. 'H NMR spectra of products obtained by Suzuki-Miyaura coupling reaction of 28 with
0.5 equiv. of 24 in the presence of (a) AmPhosPd G2, (b) fBusPPd G2 and CsF/18-crown-6 at room
temperature, (c) authentic sample of 34, (d) 32, and (e) 28.

ZORER, WL IZET NSO FEBIIET A7 = ANCOHBER LT 34, KW
THEMENZVOIXZEBRE 32 Thotr, 5-2-1 THRELEZZ7 z=bRe U 12 ZHN
BT NRISOEBRMILEFRL TS, ZOZ b, ZVA LV VRANCTF A7 = VBN E
BLIEGATHORMBEO 7 VAL NS F AT 2 o ~DyFRNBENIE S PRI
TT5ZeBEMT N,

Table 5-2-2. Reaction of 28 with 24 in the presence of Pd precatalyst

product ratio (mol%)®

entry precatalyst nucleophile time (h)

32/33/34
1 BusPPd 24 (Th-BPin) 19 29/0/71
2 AmPhosPd 24 (Th-BPin) 23 19/0/81

Reaction of 28 and 0.5 equiv. of 24 was carried out in the presence of precatalyst (1 mol%) and CsF/18-

crown-6 in THF/H,O at room temperature. a) Determind by '"H NMR.
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ULEORERIY, ZVF L -FF7 2 ZHFRE /) ~—OHAKR-ERH CTCP DRt
) —HEEIX, IAF LU NS T AT = VTR BB TS L 5T, TAF L NS
Au g, FA7 = AN a P o BEATRETHY, EEFORY ~—Kii & £ D57
BFRE/) =D T AXAZ ML, BEABBER BRER R Y = —RifD C-X (X:
7 FERT P IS EY L CEAMLROAINSEE 2 v | BSHEARK CEANEIT T O LT
HBTE 3,
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B FA T2 -INF VLV ERERE ) v—DES

53-1 FAT7 2 -TFNF VLV _HFHER AB BlE ) ~—DHRK

AR L7 BT ARSI W T, ZAL Ailh b BN G2 2 L7 BusPPd KO
AmPhosPd fitfi135) T MIBBIETICHFRBBIZT 2R LT BEREKEZ 52TV L
MEZ B, BB THOMER S TRBBIZE - S PO FRBEIET TH#ITT5 2L
EHIFRELTC, TNVA VDD TF AT = IEN S FNBEIT 5 X 9 ic, T uF LN R
U, FAT =M SR EBA LT AT 2T F L AB R ) v — 36 &
SCHR 4 1Z9E > THA L 72 (Scheme 5-3-1),

R i sr

., om0

R: n-Octyl

Scheme 5-3-1. Synthesis of thiophene-fluorene biaryl AB monomer 36

LT 35 2B LT, 2-70E3-F I FAFAF T2 K LT 1.1 YEO< XY
VARASDTWDTATZ7 T Al THF BELW 2-7 0 E3-F 7 FALF A7 202 M2, =R
BCHEL. 2-G-F 7 FNAFoo)yv /2y A7 a3 N THF WIREZTE LT, 20Dk,
R LT 2-B-F 7 FAFToN)yw 7R L7 0 I RO THF BikE 075 YBEORE
ERB BT AT NERFOUF I FATNA LY 1 L 1 IZH LT 4 mol% @ Pd(dppf)Cla
? THF WRER~MA, ZHMH 80°C TiEfiLiz, KT/ F L, BMEEITV, &l
Bk u<x 7T 74— (ZruakLl) CHEBER L, HEAKIERED 35 & 314 g
(LR 88%) 157, Z£D 35 %7 m RV AEMSE, 0°C WALz, &2~ 35 [ZH
LT 10 ¥ED N-T2ER7 VA I ROZ nakLh LFBRORSREZ 0°C THE
WCTTMA, EOREBRCTRHEBE LI, KT/ F L, BAHEEZITV., Bk
R b7 T 74— (Zrakl) CHEEFR L, ABEBIERED 36 2 1.72 g (IR
70%) 1377,
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532 FAT 2V -TNA LY ZHFRE /) ~— 36 © BusPPd BiAHKl 23 2V EA
53-1 [CBWTC, ZAF LU NbT 4T = CER S FRBEIT 5 L 97, 7ty
fcRa v g, F47 v flica v E8ALLTFA T =0-T0F Ly AB BlE ) v —
36 WA TEIZIZD, BusP ZFNLT & LTRED o- b UL Pd BALAAI 23 2 VW TEAR-E
WA o7 ) v JEEG 2B LT (Scheme 5-3-2),

36
R_ R R

PBu, j:Z‘B O'O (P

X s RS- R
Loy = D
g THFHO THF s7)

23 Poly36 R: n-Octyl

Scheme 5-3-2. Suzuki-Miyaura coupling polymerization of 36 in the presence of Pd initiator 23 and

CsF/18-crown-6 in THF/H,O.

WMAFFEER D/NRIE 23 3 KT8 AmPhosPd(o-toly)Br 37 DBAIAR % Fi W T S5 AR- 5 TR TR i
BEIEGIZIWTC, /v —IZ Pd BEAAIZ RIS E0C, Pd BASRAIZ IR, 18-2 5D
-6-T—7 )L & THF/H,O FCHET S Z LI LV RSEEDOH D Pd(L)-OH FEAFHM X,
T v — ORISR, FHERELTLVDTFEDMOBNRY FA47 = BLOR
YUIZNF LU E2BTOND 9, ZOMBIMHD 36 DHMA-ERA v 7YV TERICBWVTH
Pd BHAAAN & SEEE 2 el L7 RIC, TORPUTE ) ~— 2T 5 Z &I L (“BsAAL
WREREE EHT D), £/ ~<— 36 2% LT 12.5mol% O Pd BAsAAI, 8.0 H&ED 18-
7T 6-T—T )V 40 BEDT bt U AT FME THF LARBKICEMRESE=IRT 1
RFRIRE L. Z OWEIC 36 @ THF K2, FBiik LV 0°C THIF LIz, GPC 12X
D EA%IBHF L7 (Scheme 5-3-1),
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Table 5-3-1. Polymerization of 36 with 12.5 mol% of (o-tolyl)Pd initiator 23

entry temp.(°C)  time M, (g/mol)® M/ My
1 rt 15 min 5750 1.71
2 30 min 6980 1.64
3 2h 7610 1.70
< 4 h 7690 1.75
5 8h 8130 1.77
6 0°C 2h 7530 1.61
7 4h 8780 1.76
8 8h 92409 1.81
9 rt? 15 min 4750 1.50
10 30 min 5620 1.54
11 2h 6190 1.68

Polymerization of 36 with (o-tolyl)Pd initiator 23 was carried out in the presence of CsF/18-crown-6
in THF/H20. a) Estimated by GPC based on polystyrene standards (eluent: CHCls). b) /BusPPd
initiator 23 in THF was added to 36 and CsF/18-crown-6 in THF/HO. c) precipitate was observed.

IR TORFHIIB W T EEHMA 15 DRICES FRENHEE TX (Table5-2-1, entry 1),
S OICHHPZHET 2 L S LI FROKEN R DI (entries 2-5), GPC ¥AH! B L E A B
D 8 W E TITHIEMETh o 7opy, EAYIMIBME D LA FBEATIE 1.6 LV K< 7
o7z (Figure 5-3-1), HABAA 15 /3B L 2 Bifflo MALDI-TOF-MS % | L CEAF D
Rt & fif T U7z (Figure 5-3-2),
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Figure 5-3-1. GPC profiles of poly36 obtained by the polymerization of 36 with 12.5 mol% of Pd
initiator 23 and CsF/18-crown-6 at rt for (a) 15 min (M, = 5750, My/M, = 1.71, Table 2-3-2 entry 1),
(b) 30 min (M, = 6980, M/M, = 1.64, entry 2), (c) 2 h (My = 7610, M/M, = 1.70, entry 3), (d) 4 h
(M, =7690, My/M, = 1.75, entry 4), and (e) 8 h (M, = 8130, My/M, = 1.77, entry 5).

BABIME 15 43 TOD poly36 DKL Tolyl/Tolyl AEE—27 & LTHRHEh, KWNT
Tolyl/H, BPin/H, Tolyl/Br T -7z, 2 KO AIZI T b R OFREE LS 221 L,
Tolyl/Tolyl ¥ & HIZKE S BE ST, Tolyl EMMIEE A LORIBEINLTNDZ
&6 Pd BAGEA] 23 O DOESBRIIMERSEITL TS LB X B, KT Tolyl/H
BEO Tolyl/Br Khiiix, BRIAHID HMBBBEA THONDIRMTH D, LnLedbE
E—7 L LTRB SN TWD Tolyl/Tolyl Rimidk, BHIAAIDEE L C& I OSTEMERER
ERORY v — 2 ABRFHLERITZ L RO AMTHS (Figures-3-2), FHHEL
TeR ) v —IIHERET 5 2 LN TEDRURNEEREZ -7\, Lizo T, ZOBEARMEETO
NFERB IO FESMORIEITE LW EE X 5D (Figure 5-3-3), F72, BPin/BPin %
Figure 5-3-3B Tl L7272y, T ORI, AL L TRPICH 72 BusPPd(0) 23E/ ~— 36
LEARBL, ZORYv—FRLEDORBLL TARLIZRHTHD LB BN,
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FigureS5-3-2. Disproportionation mechanism of poly36.
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Figure 5-3-3. MALDI-TOF mass spectra of poly36 obtained by the polymerization of 36 with 23
([36]0/[23]0 = 8) and CsF/18-crown-6 at rt for (A) 15 min (M, = 5750, Mw/My=1.71) ,(B) 2 h (M, =
7610, Mw/M, = 1.70).

I, IR 572 DICEAIRE % 0°C £ TTIFCRBKICEAR ZMAT LT, GPC
VEHI IR D IX @ 0 T BIRICR E REMBIZE S TIE Y (Figure 5-3-4A-C), EAEM 6 B
& IIXEAER DT Lz, 0°C, #HE#RBAAS 2 Keffl# D MALDI-TOF-MS Z#E L C@mm+
DRI % AT L7z (Figure 5-3-5A), £ DFER, H& &MEN R B S /-Dix BPin/H
TV, KT Tolyl/Br, Tolyl/H T -7z, HENE Y REULZMHIT 2 Z LITIFmRS LT,
L LA 6 BPin/H WEE—2 L LTHRIHEN TR Y, ZOKRNE Pd0) A—ERUGHR
HIZHEH L 7 BT T 70 /) ~— L HARBT 2 2 L TRONDIEKGTH D, 16> T, KIE
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Figure 5-3-4. GPC profiles of poly36 obtained by the polymerization of 36 with 12.5 mol% of Pd
initiator 23 and CsF/18-crown-6 at 0 °C for (a) 2 h (M, = 7530, M,/M, = 1.61, Table 2-3-2, entry 6),
(b) 4 h (M, = 8780, My/M, = 1.76, entry 7), (c) 8 h (M, = 9240, M,/M, = 1.81, entry 8), and at 1t for
(d) 15 min (M, = 4750, Mw/M, = 1.50, entry 9), (¢) 30 min (M, = 5620, Mw/M, = 1.54, entry 10), (f) 2
h (M, = 6190, My/M, = 1.68, entry 11).

BT, HEROEA-EHABBBES OERFIEITHHE /v —, HHk/18-7 TV -6-
T—7)L® THF/H0 ¥EIRIZEHLEAID THF WiRZ % CEAZFET 55715 CBiaAl
REHREEE LT D) T 36 OEA % =R TR L7, Figure 5-3-3D-F 273 X 91,
GPC VAHIB#IE, Hith & BIAAHI 4 JBICIRAE 5 71 C1T - Cf GPC VAR & K& < %
LIZHES | HIgHCThy, BEEHE 2 FEBROSFREIZERE LICEHGOT RO M

BIIREL, FESMICBEL THRERZE(LITR 678> 7 (Table 5-3-1, entry 3 vs.
emtry 11), JUGBRGAE 15 238500 MALDI-TOF MS % I U C R0 1 D R ikl 1 2 figr L
7o (Figure 5-3-4B), MR ZWHERIETIT- THER) v—DRImbELE—27 & LT
Tolyl/Tolyl 35 XU Tolyl/H 23k &z, KuicBI L CTH AEIREVE & RO R IntEE CTh
D, EEBEIIERLEA 23 2 OH#ETL CO AR RISEEFEL FF o 72K Y v — R LA
FREZILTVWDZ ENEBELOND,
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Figure 5-3-5. MALDI-TOF mass spectra of poly 36 obtained by the polymerization of 36 with 23
([18]o/[1]o = 8) and CsF/18-crown-6 at rt for (A) 2 h (My = 7530, My/M, = 1.61, Table 2-3-2, entry 6) ,

(B) 15 min (M, = 4750, My/M, = 1.50, entry 9).

533 FA T2 -TNA VLY ZEFRE ) ~— 36 ® AmPhosPd BIa%E] 37 % A/~ &

AN
=1

5-32 IZfEWT, ZAF L filicRa v, F47 =i ab R EALEFA T <
V-INA VL AB BIE )~ — 36 %, AmPhos ZEIF & LTHED o- M UL Pd BRAEFH
37 ZHWCHA-BHY v 7V U IEHEZKRE LT (Scheme 5-3-3),

AmPhos
pld CsF, 18-crown-6

I
4 THEH0

37

Poly36 R: n-Octyl

Scheme 5-3-3. Suzuki-Miyaura coupling polymerization of 36 in the presence of Pd initiator 37 and

CsF/18-crown-6 in THF/H-»O.
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E/~— 36 ([ZK LT 125mol% D Pd BRLAAI 37.8.0 HED 18-7 T VL -6-T—F )b,
40 BEDOT bt U AL THF LARBKICEMIEERT | BHSEL, 0B
K2 36 O THF W& MNx, HBRB L 0°C THEIPLE, GPC ICL WV EEZBH LK
(Table 5-3-2, Figure 5-3-6),

Table 5-3-2. Polymerization of 36 with 12.5 mol% of (o-tolyl)Pd initiator 37

entry temp.(°C)  time M, (g/mol)® My/ My
1 rt 30 min 5830 1.34
2 2h 7140 1.57
3 4h 8220 1.66
4 8h 9440 1.77
5 0°C 2h 3980 1.33
6 4h 5160 1.38
v/ 8h 6880 1.55
8 rt? 15 min 3300 1.29
9 30 min 4440 1.35
10 2h 7150 1.52

Polymerization of 36 with (o-tolyl)Pd initiator 37 was carried out in the presence of CsF/18-crown-6
in THF/H20. a) Estimated by GPC based on polystyrene standards (eluent: CHCI3). b) tBusPPd
initiator 23 in THF was added to 36 and CsF/18-crown-6 in THF/H,O.
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Figure 5-3-6. GPC profiles of poly 36 obtained by the polymerization of 36 with 12.5 mol% of Pd
initiator 37 and CsF/18-crown-6 at 1t (a) 30 min (M, = 5830, My/M, = 1.34, Table 2-3-3, entry 1), (b)
2 h (My = 7140, My/My = 1.57, entry 2), (c) 4 h (M, = 8220, My/M, = 1.66, entry 3), (d) 8 h (M, =
9440, Myw/M, = 1.77, entry 4), and at 0 °C for (e) 2 h (M, = 3980, M/M, = 1.33, entry 5), (f) 4 h (M,
= 5160, Mw/M, = 1.38, entry 6), (g) 8 h (M, = 6880, M.,/M, = 1.55, entry 7) and at rt for (h) 15 min
(M= 3300, My/M, = 1.29, entry 8), (i) 30 min (M, = 4440, My/M, = 1.35, entry 9), (j) 2 h (M, = 7150,
My/M, = 1.52, entry 10).

HER TOMFHIIRWT, HEHL 30 FRICESTRIET, 2 FESMORNAY v —n
bz (Table 5-3-2, entry 1; Figure 5-3-6a), & HIZIBHREHIT 5 & I DI FRDOKEN
R.&h, GPC IWHMBRITEABG D 2 B TESFREMICES RS, HFESTIX
1.5 LYW R& o7 (Figure 5-3-6b, entries 2-4), EABMA 15 2B LV 2 Kfijo> MALDI-
TOF-MS Z#IE L CHE4F O RIHEE 2t L7 (Figure 5-3-7),
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Figure 5-3-7. MALDI-TOF mass spectra of poly36 obtained by the polymerization of 36 with 37
([3610/[37]o = 8) and CsF/18-crown-6 at rt for (A) 30 min (M, = 5830, Mw/M,=1.34),(B)2 h (M, =
7140, My/M, = 1.57).

BEHABLE 15 2BV TUE, EE—21F Tolyl/H K TH o7, T ORMITFHERIHEH
ANETL, ZORY <~ — K BOSTEERENFEL TWe Z & 2R % (Figure 5-3-
7A), BEABML 2 BT, Tolyl/H B X O Tolyl/Br 28FEE—2 & LT, &\\T H/Br,
BPin/H 2\BiZ2 &7z (Figure 5-3-7B), BPin/H 1% Pd(0) 23— BERIG R IR L 7% (28T
el /) v —LEAGMMBT S L TRONDRIHETH Y, HBr I8V TH BPin/Br Rimi
RS TR R L CARLERRTHD LEZDND, ZOERGEMHCEL T AES
ITEA VMBI EHES TERO TORE L2 ERREn D, LnL, EAHBBIBRREIC
FUVTIIAMEED 23 7 B8 L, Pd(0) OB THICICESZRRSED Z LBH LN
2o & BT MBuPPd BHEAAI 23 ZH VW 36 OEARICBEINL TV EARHL
(Tolyl/Tolyl) KIFNBE I Nieh o7z, ZIUIENLFOER S KR L TR, A7 K
DEBWIEZE, SKR-BHY 7Y 7 ICBOWTRY v —ORISTEHRE L €/ v~ — DR
BEELE D R TV AR ZNACPEL 7D Z ENAMBNTEY . FT VA AZ AL EN L
F /) w— L RIGT D Z SRR DD D O T, FUSTEMFER L ORIRG (RHE{k) A2 b
RFTLLRDZ LT d, AE, AWMEEORNFOmE S i LR, X @&Enolid
BuP LE X HNDT-D, AmPhosPd 13 & Y A AR & S ROE MR I 2 MERF T & 72
EEZDBND,
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Figure 5-3-8. MALDI-TOF mass spectra of poly36 obtained by the polymerization of 36 with 37
([36]0/[37]0 = 8) and CsF/18-crown-6 at 0 °C for (A) 2 h (M, = 3980, My/My = 1.33), (B) 8 h (M, =
6880, My/M, = 1.55).

LovL, HREMG T CRONCESEYBME COME Dy FRIBE Z R+ 5 HBr &
LU BPinH RInAHER TE /cled, BERREZ TP CHERMT 5 Z LI Lk, KIGEE
ik 0°C & U7z, B2 FEERICES TFRENHRTE HFESM bIVRY < —n
"Fonic, LLZ2RAG GPC M 10 MCROND T/ <— 36 DE—IRLThH
K&, 36 (3% < K-> Tz (Table 5-3-2 entry 5, Figure 5-3-6e), & &HIZHRE T 5 L5
DR FEOERN RO, GPC WEHEHIIEARAENDS 8 B THESFBENICE
MR BT (Figure 5-3-6g), HABALA 2 FEfEE L0 8 Krf]> MALDI-TOF-MS #ll7E L <
®5)F ORIGHEE & fif#t L7 (Figure 5-3-8), EABMA 2 BRIV TIX, Fv—2 1k
Tolyl/H R Cdh o7z, Z ORIGIIBILAEIN D EANEIT L, FORY v — KM KIGTE
PEREPFEL TV Z L2815 (Figure 5-3-8A), EABIA 8 BrfflickW T, E—7
% BPin/H T Y, RUNT Tolyl/Tolyl, Tolyl/Br T Y. Bu:PPd BALEKI 23 AV -ES
IEE 0 °C DOFELIFARIC PA0) B —ERIGRPICIBM LI BICHT-RE ) ~— LEA%
PlIGT D Z L TRONDIKMTHD B2 b b (Figure 5-3-8B), LI b, EABM 2 B
ETEHMEDOS FNBEVZ o ToEHEANEIT LI Z ENH LR Y, BEA%EIBR
(272 % L BED S F BB LOR Y v —RILOREERRZ Y, BEEEANEESND
ZEBRbhotz,
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Figure 5-3-9. MALDI-TOF mass spectra of poly18 obtained by the polymerization of 18 with 19
([18]0/[19]0 = 8) and CsF/18-crown-6 at rt for (A) 15 min (A, = 3300, M/My=1.29),(B) 2 h (M, =
7150, My/M, = 1.52).

E BT, EROEA-FHEBEHESOERGIETHLE ) v—, HRE/18-7 TV -6-
T—7/)V® THF/H0 ERICBHIEAID THF Wiz MAx CEGZRmT2HETH 18 DX
A% EIR THET L7, Figure5-3-6h-j 127”779 X 512, GPC IR H BRI, EE & BAAAAIZ Sl
B 5 716 T1T» TS GPC IEHIHIMR & ITIERBRICHIEETH Y . EABL 2 RS
TOHFRITB IO FESMICE L THRITR bNR0 -7 (Table 5-3-2, entries 2 and
10), SUGBERE 15 438 L O 2 BEfE O MALDI-TOF-MS %l L C @& 5 1 O K ikl i % i
¥r L7 (Figure5-3-9), 15 R RTORY v —RKI{IEL—2 & LT Toly/lH Th o7, R
SICBE L C b RIRETE L RO RGEECTH Y . BE BIEIEBAEA 23 2OHETLTERY,
B EARRKTHFEMEML WD Z EB¥bhoTz (Figure 5-3-9A), LxLRM HHEHE 2
RE 121X Tolyl/H O Tolyl/Tolyl AR il < M S, SUNEMEZFF > TR Y ~—
RERREERLZ LTNWDZ ENBF X HLD (Figure 5-3-9B), Rt iE (2B L CIdBALGA
LB RIRE LA L Ix R o7z,
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Figure 5-3-10. MALDI-TOF mass spectra of poly36 obtained by the polymerization of 36 with 37
([36]0/[37]0 = 5) and CsF/18-crown-6 at rt for (A) 15 min (M, = 3900, My/M, = 1.29), (B)2 h My =
7030, Myw/M, = 1.50).

AmPhosPd BRAGHI 37 &M 7z 36 DEA T, BusPPd BMAH] 23 TLI LR Y v —
[FLORGE & DIREMEIT D Z L N TE 7z, L L7226, Figure 5-3-8B 36 X U8 Figure
5-3-9B (ZBWTARBHLERIETH S Tolyl/Tolyl RETFTDMEECThANMERTE =70, L
AEME LRV L S D BAANRE RN B WRIET ((3610/[36]0=5) THEBEA LTV, EA
Ptk 15 3B LT 8 KEfHl D MALDI-TOF-MS % iI7E L T &4 F O K vk s & it L7
(Figure 5-3-10), EE BRIV TIL, Tolyl/H DA ELE S, B Eh B EEEA =
B TEHESPHET L TWD Z L8 b0vD (Figure 5-3-9A), LAsL7ans s, EARMML 2 ki
O BFET Tolyl/H 36 & Y Tolyl/Tolyl 23HERR & #u7- (Figure 5-3-10B), L 72435 T,
AmPhosPd il T H ZRICARHEP S Z EIXTERWI ERALNIC R o, FA7 =
INA VD ZFHEFRE ) v —0 CTCP % #EMY 5 7-9HIZiX, BusPPd & AmPhosPd i
PRAAAID © OBRIGRIGT & OB D 5y T NB B & 04 5 S FBOHEME TR TE T 5
e, ZORY v —REDTECENPITHEI TE BB F AT =T F L o BHROE
J =R DEEHES MR LORRERD EEZBNRD,
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AmPhosPd # iV /o 36 DEEIIZEES KU TICBW TEAWHEMETIX, TORY <
—RIHZIE Tolyl/H \ZJfE T& | AEAITEHEAKR THITL TV D Z LR s,
Z ORGP EISIEMER R TH D 2 & ZFEAT 5 7201 CTICEA-E il B B A 23 E
ENTVBEIAFUALTFAT 2 E /) ~v— 38 & 36 ORIGEIRP TR LERIRIC L E
BAENERTE DMFT LT (Scheme 5-3-4), Poly36 & P3HT DOfit/ A v bEETARY
< —NELNHA . poly36 1X PIHT O~ 7 aBilbEIE 720 . 20D poly36 DFRMITILK
JISEHRENFE L L&A TE 5,

*—U f» "
AmPhos j: Br j:
CsF, 18-crown-6 O Q O

L H,0, THF i THF, 0 °C THF, 0 °C . L

37 R: n-Octyl
Poly36 -b-P3HT R': Hexyi

Scheme 5-3-4. Copolymerization of 36 and 38 with initiator 37 in the presence of CsF/18-crown-6 in
THF/H,O

F/~— 36 2 LT 20mol% @ Pd BALAAI 37, 8.0 HED 18-7 T U -6-T—T )b,
4.0 YEDO7 vibE v U AL THF LZARKICHEMG S =R T 1 KRR L. 2o
R\ 36 @ THF ®EZEMZ, 0°C T 2.5 Wit Lic, £0%, FA 7=/ ~— 38
@ THF WRZRML, S HIZ 0°C T 3 Kyt L7z, GPC ¥ LT MALDI-TOF MS
ZRE L CTEAZEB L,

O O Tolyl-poly36-b-P3HT-H
Oo
O O
A B Tlo
) : O o) O
O : TolylH . 0, 06
. "0
O Ol 4 Q OO0 |
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Figure 5-3-11 MALDI-TOF mass spectra of (A) poly36 obtained by the polymerization of 36 with 37
([3610/[37]0 = 5) and CsF/18-crown-6 at 0 °C for 2.5 h (M, = 3260, My/M, = 1.30) , (B) poly36-b-
P3HT obtained by the polymerization of 38 ([38]0/[37]o = 10) with prepolymer (A) for 3 h (M, = 3940,
M/M;, = 1.26).
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R L7z 0°C ToRit & v Bi#RBRgs 2 FERFRE THIUT Tolyl/H @ poly36 235 Hi
DT ERDNoTWDIZD, 2.5 FEBEEITV, 47 =T/ ~—IRMATD poly36
MALDI-TOF-MS ZHIE L7z, RV v — DRt & 45 &, T&—2713 Tolyl/H L7
B SNz (Figure 5-3-11A), ZORIGRIRICF A7 =& ) ~— 38 ZHRMLE BT 3 B
WRIPEAT O L FHEIT 3260 235 3940 EETHMULELZ L% GPC LR LT, 51
MALDI-TOF-MS (Z& ¥ RV ~—DRIGEE L A9 5 & poly36 3L O P3HT Dk~
AV MBI TolyllH KN FEE—27 & L TR SNz (Figure 5-3-11B), L7245 T
Tolyl/H @ poly36 I£F 47 = /) ~— 38 O~ 7 aflthHl& LT &L DR Tx,
poly36 DARUIZIISUSTEMFENSFIE L TV D Z EA/REN, AmPhosPd BHEAK 37 % Fv»
12 36 DEAR-EHA v 7)o 7 BERIIEGMBEMICE O CLEEEARA THIT LTV
DT EINFERATE T,

534 FMTF AT = -TNA Ly ZHRR AB BT ) ~— 40 OBAR-ER/D 7Y LV E

AN
=

5-3-2 BEU 5-3-3 ([ZBWT, Pd BHEAAI 23 BL O 37 2 AV 36 OEAIIBIEHIH
LOEESVPETL, 37 ZAVD LESIE, BB CHEEAHKNTEITT S
ZEBHDLINI IR 212Dy, WfEILIC AR Y = —F L ORI Z v | Kk X O F &
WRNETHDZ & bbhote, ZOREULEMEIT 5 72 DICIEBUSIE MR T O & &
EBRSUBLERDHDEZEZOND D, F4 7 BROWASEE 3 (ICEALE 40 OESRE
To72 (36 1% 4 LIS A 7 F L EE) (Scheme 5-3-5),

R fpirser

(:‘ \S TMP-MgCl /(/_\S
TTaF > CMg—N\g T — )i

Ease

R: n-Octyl

40

Scheme 5-3-5. Synthesis of thiophene-fluorene biaryl AB monomer 40
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IXUDIZ 39 #AM LTI 3-A 7 FNF AT 2 AZx LT 075 YBED 22,6,6-7 F T AF
NERY Do Ry hrzal) RYFuhral ReEE THF by WKEMZT-,
ZD%, 2-4-F I FNLF o)y TRy AT I RO THF vy % 075 Y&
DERFLAC VBT ATV EESOVA 7 FALIZAF L 1 & 1 IZHLT 2 mol% ©
Pd(dppfH)Ch @ THF REEAK A~ X, 1 ABIR L7z, KT/ F L, BROAEEITV, &EF
B a~ 7o 74— (Zarf/V L) THEESER U, BB EMIERED 39 ZIUE 45%
Tz, 39 7 mud/V AIBEESE, 0°C ImHEILZ, 22~ 391X LT 1.0 Y&
D N-TRERIT VA I ROY aaRVALERE 0°C THENZS T TNZ, ZO%ER
T 1.5 B Lz, KTy F L, BAMRETY, BlEAks v~ F /570 (1
AL L) CHEERERI L, BIBERMERAED 40 ZIUE 3% TR,

R
‘ /\
| d S
pd  CsF, 18-crow 6 40
g THF HZO
23: L= tBuP
37: L = AmPhos

Scheme 5-3-6. Suzuki-Miyaura coupling polymerization of 40 in the presence of Pd initiator 23 or 37

and CsF/18-crown-6 in THF/H;O.

BusPPd BA%AAI 23 2o 40 OEAR-E P v 7' ) v JEHE%E{T> 7 (Scheme 5-3-6),
HEHABLE 15, 30 4RO 24 BEfRICY 7Y v 7 %17V GPC K1Y MALDI-TOF MS 2
X Y EA B &BWE L7z (Figure 5-3-12a-c, 5-3-13), BEAWMABMEIZ W TIX, My/My=1.5
LT DS FBNAADOE N T % 157- (Figure 5-3-11aand b), L2>L7R3 5, BEABL 24 K
#%IZiT GPC #ifRICE D T EBAICKERBER A LIV, D FEIMIIEL 2V R
iR 2 1*‘U~J: 7o 7z (Figure 5-3-12¢),
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Figure 5-3-12. GPC profiles of poly40 obtained by the polymerization of 40 with 12.5 mol% of Pd
initiator 23 and CsF/18-crown-6 at rt for (a) 15 min (M, = 4470, My/M, = 1.28) (b) 30 min (M, = 6070,
MMy = 1.47), (c) 24 h (My = 10400, M,/M, = 1.87), and the polymerization of 40 with Pd initiator
37 and CsF/18-crown-6 at rt for (d) 15 min (M, = 3350, Myw/M, = 1.23, [40]0/[37]0 = 16, conv. of 40 =
37%), (e) 1 h (My = 5690, My/M, = 1.34, [40]0/[23]0 = 16, conv. of 40 = 58%), (f) 24 h (M, = 10500,
My /My =1.62, [40]0/[37]0 = 16, conv. of 40 = 99%), (g) 24 h (M, = 5210, My/M, = 1.38, [40]0/[37]0o=
8, conv. of 40 = 97%) (h) 26 h (M, = 7220, My/M, = 1.42, [40]0/[37]0 = 12, conv. of 40 = 98%)).

15 53B LU 24 BIROR Y ~—DORIHEEZ AR5 & | Figure 5-3-13A XY 15 4y
DEFETITELE—21E Tolyl/H K TH Y | Tolyl/Tolyl KT Shiesot, 2 &
D365, 40 DX DAY = —DSOGH AT ICSIREE IC e HIH A EAT 52 LT 23 &
Wz 36 DEERHICHA LN TWER U~ —REDORBEARBHT -2 & AL MR 57,
S bIT, 24 FEIR DR Y v — DO RIEEIX TolyV/H KUY Tolyl/Br T&H Y (Figure 5-3-13B),

BRMBEIEICI N T ORI E B o OHHBE AR CHRESUSET LTz 2 & AVRE
END, LLBRL, {BONATENERD TRLIVBREL LY, HFESMBIAL
185 T RRIEI BT 22 o TR, 7272 L, A8l 24 BRI O RIS MRAT IR B0
RY == PRHSNTEY . Ao TEEUNOREEZ TS 2 0ERNH D, 207
O, Atk 24 FEEIRERORY v —H 27D XY &S FEEM A5 L MALDI-TOF MS
HEL, SOICHEMBREAZEHZIES PETHD,
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Figure 5-3-13. MALDI-TOF mass spectra of poly40 obtained by the polymerization of 40 with 23
([40]0/[23]0 = 8) and CsF/18-crown-6 at rt for (A) 15 min (M, = 4470, M/M, = 1.28) and (B) 24 h
(Mn = 10400, Mw/M, = 1.87).

WIZ AmPhosPd BRIAA] 37 2\ 40 OBAK-BHiHI v 7V V7 EEEITo 12
(Scheme 5-3-6), EABRMA 15, 30 4y KON 24 BRIV 7 ) » 7 %247V, GPC BN
MALDI-TOF MS {2 X Y EAZEE %8Bl L7 (Figure 5-3-14), EAWHIBPHTIBWTIX, 1.20
LIF D5y B 2 F oy F 21572 (My=3520, My/My=1.20 for 30 min), & 512, EHAB
44 24 BRI TS 1.5 LAT ORI\ F B 2 HERF L7, 15 v L UY 24 KFfE&R D
RV~ —DOKRuHEEZ I35 &, Figure 5-3-14A XY 15 DOERETIIELY—71X
Tolyl/H KT -7, 24 BEfI% L Tolyl/Tolyl KimidH S5 Z L72< Tolyl/H K%
HEFF L7z (Figure 5-3-14B), T D Z & )35, AmPhosPd fillit % =354 C b EA I B
T E P E S EHBE AR CREIGHPET LI Z E RSN D, SHIT, 2D
HAET 24 RMBZICH N FEIT, 23 ZHVWe 40 OBEEGFEL Y &GRS FR&IED
EERLUERED, 37 2V 40 OBEAOEEEAMELZFEMICHRD Z Lic Lz,
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Figure 5-3-14. MALDI-TOF mass spectra of poly40 obtained by the polymerization of 40 with 37
([40]0/[37]0 = 8) and CsF/18-crown-6 at 1t for (A) 15 min (M, = 2550, My/My = 1.17), (B) 24 h (M,
= 5550, Mw/M, = 1.47).

T/ Vv — 40 OEERITHT 20 FBEOBRERD, £/ ~— 40 123 LT 6.25mol%
® Pd BRLAAI 37, 8.0 HED 18-7 T UL -6-—T )b, 40 YEBD T vk U LB HIR
THF &ZBKICHARSEERT 1| BHEBEHRL, ZOBEKIC 40 BLXONELEL LT 14-V
ANF AT IR D THF WIREMA, R T 24 ek Ulc, EEPICsiEy v
TY T &2ITV, GPC IR o THFEKVGFRSM%Z, 'HNMR A7 hIZLD 40
DEbFREZFH L, EAZEB L, HE% Figure 5-3-15B (IR L7, £/ ~— 40 DR
fEERIZHK LT FRIZEMRIICHEM L, 24 FFEZRITITEREER 99% ICZE LT, Lo TARE
EOEHEGHRN CEITT 2 Z ERMFFa i, S, Pd BAAl 37 1ok4 %€/
~— 40 DLk ([40]0/[37]0) (ZXF L THOFREITEMRPNTHEMT D Z EBHAL NI o7
(Figure 5-3-15C), % 72, Kiit# & OfEHT & MALDI-TOFMS Tt L7= & Z A, 43 F& 10000
UELDRY =—IZ 20T h, Tolyl/H £72i% Tolyl/Br TH 25 Z & e L71= (Figure 5-3-15A),
UL EX Y, AmPhosPd BHEAHI 37 Vi 40 OEAILEHEESEXTET TS 2 L 2H
LAz Liz,
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Figure 5-3-15. (A) MALDI-TOF mass spectra of Poly40 obtained by the polymerization of 40 with
37 ([40]0/[37]0 = 16) and CsF/18-crown-6 at rt for 24 h (M, = 10500, My/M, = 1.62). M, and M./M,
values of poly40 as a function of (B) monomer conversion ([40]0/[37]o = 16) and (C) feed ratio of
[40]0/[37]0 (conversion of 40 to polymer was 97-99 %).
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Scheme 5-3-7. Di or triblock copolymerization of 40 and 1 and 14 in the presence of Pd initiator 13
and CsF/18-crown-6 in THF/H,O.
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RTER L7238 Y . AmPhosPd BRAAH] 37 Z# V72 40 OAR-BEH D v 7Y v FEHAIE
CTCP #RATHET T2 Z L 2H LN LTz, KINEHERESE S FRIGOAMIFET D &
BHONI R oTcled, BERPICHOE ) ~—2FMT 52 & GRIRNIC T ry 7 L8
BERP/ONDITTCTHD, 22T, #IDIZ AmPhosPd BRLAH 37 # V- 40 @ CTCP
RPN AT FNTANFVL T/ w— 1 BIOR3IAFUATFA T2 ) v — 38 2R
MyHZLickdy7my s KEBAEROERERATZ, TOME, —BEBEDE/v—L L
T 40 M\ /o CTCP 13RSy F- B 53 AT DBV polydd % 5-% 7= (Figure 5-3-16A and B
brokenline), ZDFRHIZ VA I FALTINF LT ) v — 1 ZFINT5HE GPC #i#jiL, &
S BMANZS 7 b L7z (Figure 5-3-16A; solid line), L2 LZRAN & 3 FBOMITIEL 2o 7=,
ZAVE, polyd0 = 7 m BRABHIA D DBISASIEA 112 & BB TRERIS & D bR &2
BEXAOND, =5, 3~"FUNNFA T2 F ) ~— 38 ZIRINT D&, DFESHERRNE
Emm T EUA~EH#BRS 7~ L (Figure 5-3-16B, solid line), B L, polyd0 ~ 2 2 B4A
Al o@EBEBRIIC TN ThO 7y 7 HEBAEREONDE Z ENbhoTo, E612.1 BX
O 38 @ 37 =M\ CTCP ZHIZ 40 Z ML CTH FEERIC B T B OBy 7
vy 7 LESEBRE O (Figure 5-3-16C and 5-3-16D; broken line), M7 11 v 7 $LEA
RDOFZRHIZ, 1 Z(P3HT-b- polydd ~) F LT 38 (PF8-b-polydd ~) RN 2 = &L TEHIC
GPC I dh#R S @y~ 7 b 95 Z & Z 8 L7z (Figure 5-3-16C and D, solid lines),
Lo T, BRI A«(D/A)-D RO NY T r v 7 HESEOGHEER LT,
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Figure 5-3-16. GPC traces of the polymer obtained by block copolymerization (A) broken line: Poly40
as a prepolymer ([40]0/[37]0 = 8, M, = 5740, M,/M, = 1.38), solid line: Poly40-b-PF8 as a postpolymer
([added 1]0/[37]0 = 10, M, = 11600, My/M, = 1.97). (B) broken line: Poly40 as a prepolymer
([4010/[37]0 = 8, My = 5440, My/M, = 1.36), solid line: Poly40-b-P3HT as a postpolymer ([added
38]10/[37]0 = 20, M, = 9090, My/M, = 1.43). (C) dot line: P3HT as the first-polymer ([38]0/[37]o = 10,
M, = 3390, My/M;, = 1.38), block line: PZHT-b- Poly40 as the second-polymer ([added 40]0/[37]0 =7,
M, = 7120, My/M, = 1.61), solid line: P3HT-b- Poly40-b-PF8 as the third-polymer ([added 1]o/[37]o
=9, M, = 8850, My/M,=1.68) in order. (D) dot line: PF8 as the first-polymer ([1]o/[37]0 = 8, Mh =
4590, My/M, = 1.46), block line: PF8-b- Poly40 as the second-polymer ([added 40]0/[37]0 = 7, M, =
8870, My/M, = 1.47), solid line: PF8-b-Poly40-b-P3HT as the third-polymer ([added 38]o/[37]0o = 10,
M, = 11300, My /M, = 1.57) in order.
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B £l

TINFV-FFT 2 ZHRR AD £/ ~—® BusP L0 AmPhos Pd % AV /-4

AR-EH CTCP it Lic, ZAF VL -FF 7 = “EFRY T ekl T —L Ry
R AT N2 AWCET VRGNS, BB IC 7 VA L o b F 4 7 = o ~BIRIIZ 4
FHBENT D ERHLNI R o1, EFARIGORKRICHE S TAF LU ANCiIR e v
MTATNVE, FAT7 =2 AMNCIIRFBEZEALZE ) ~—2 AR LTERZEND Pd Bk
Al FINTZEAR-EI A » 7 ) v TR ERH LT, 36 & AV RE Tl mifiii st 12 B a4
MHEDEANETLTND bODESTHEILOREENLZ 0, EAOHIEN T X 2 h
2Tz, FOSTEMERM T ISR E 2445 L7z 40 2 V7= EE T, BuPPd BHLAHK 23 %
AWM TIEIARBLITIH T & 2 b oD, EAITHIETX R -7, —7F ., AmPhosPd B
WAl 37 ZRWIEEETIE, £/ v —ORER LR LT 5T RIZEMRAICHM L,
o, T v —/BABAILLZ N L TH 0 T RITERINTIEMNT 5 Z L BBy, &
HEGUNRHDLZ LETMH L, SHICFA 72 BLOILA L LD/ N Tay s
FEAELEM LT,
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BHE EBRE

FAT 2 - TNF LT aER 28 RO 12 ZHWESAR-EHA T T

FISIEET, M7 v FEK TR L OERERRM FTITo7, 30mL A7 7 Xaxt
— MV CRET, Nk, ZREM L TEIRE TR LI, 280.547 g (1.0 mmol), 120.104
g (0.50 mmol), 18-7 7 7 -6-=—7 /L 1.02 g (3.88 mmol), 7 v{ktI A 0302 g (1.99
mmol), &% AmPhosPd G2 0.0056 g (0.0097 mmol) % Aiv, fli7 /L= @EH# L, §if#E THF 10
mL B LUK 0.5mL ZHNA THAL THET VT B L 72, IR T 20 R L7,
SM IEBETZ = F 7 ma w5 T, BKEREE T kU U A Tzl BE T T2 &
E L., BEMEREOHARDE, 0.030g B0, MAERDE@ERES v 8757 4—
(Z /L) CHEEER L, BEABKD 29 % 0.013g(11%) ROEAREK 31 % 0.006
g (3%) 157z,

A

29: mp 192-194 °C; 'H NMR (500 MHz, CDCl3) § 7.77 (d, J= 8.0 Hz, 1H), 7.73 (d, J = 8.0 Hz, 1H),
7.73 (m, 5H), 7.60 (m, 2H), 7.56 (d, J= 1.7 Hz, 1H), 7.48 (t, J= 7.7 Hz, 2H), 7.41 (t, J= 7.7 Hz, 2H),
7.37 (m, 2H), 7.33 (d, /= 3.4 Hz, 1H), 7.29 (t, /= 7.4 Hz, 1H), 2.10 (q, /= 7.4 Hz, 4H), 0.40 (t, J =
7.4 Hz, 6H); '3C NMR (126 MHz, CDCls) 8 158.3, 156.1, 151.0, 146.2, 141.7, 140.2, 133.9,128.9,
128.8, 127.4, 127.2, 127.1, 125.6, 124.0, 123.8, 119.9, 32.9, 8.6; IR (KBr) 1719, 1686, 1654, 1638,
1543, 1509, 1467, 1261, 806, 756, 544, 512, 501, 454, 425, 406 cm’!.

o S

31: mp 149-152 °C; 'H NMR (600 MHz, CDCl3) § 7.68-7.62 (m, 4H), 7.57-7.55 (m, 2H), 7.47-7.46
(m, 2H), 7.40 (t, J = 7.6 Hz, 2H), 7.36 (d, J = 3.4 Hz, 1H), 7.32 (d, J= 3.8 Hz, 1H), 7.30 (t, /= 7.6
Hz, 1H), 2.09-2.01 (m, 4H), 0.36 (t, J = 7.2 Hz, 6H); '*C NMR (126 MHz, CDCL3) § 152.3, 144.0,
140.0, 133.6, 130.1, 128.9, 127.5, 126.2, 125.6, 124.8, 124.0, 120.2, 119.9, 32.7, 8.5; IR (KBr) 1597,
1448, 1402, 1252, 1061, 876, 800, 755, 687, 463 cm’.
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28: mp 110-111 °C; "H NMR (500 MHz, CDCl3) § 7.65 (d, J = 8.0 Hz 1H), 7.56 (dd, J = 6.6 and 2.0
Hz, 1H), 7.50 (dd, /= 7.7 and 1.6 Hz, 1H), 7.46 (m, 2H), 7.43 (d, J= 1.4 Hz, 1H) 7.11 (d, J= 4.0 Hz,
1H), 7.05 (d, /= 4.0 Hz, 1H), 2.08-1.98 (m, 4H), 0.34 (t, /= 3.6 Hz 6H); '3C NMR (126 MHz, CDCl;)
6 152.3, 150.4, 146.3, 140.4, 139.9, 132.9, 130.9, 130.1, 126.3, 124.8, 123.1, 121.3, 121.1, 119.8,
111.2,32.7, 8.5; IR (KBr) 1655, 1542. 1456, 1377, 1245, 1132, 1061, 1007, 962, 875, 815, 794 cm"'.

FTAT7 2 -TNF VP T e 28 RO 24 2RV A-ERI v 7V 7 (1BusPPd
G2)

BOSIEET, M7 VI FRRTRBLOBRKIE T TITo7%, SmL 775 2a% b —
N CRIE TR, N, SR EH L CERE TR LE, 28 % 0.140 g (0.30 mmol), 240.031
g (0.15 mmol), 18-7 7 7 /-6-=—7 /b 0318 g (1.20 mmol), K7 vtk 7 A 0.092 g
(0.60 mmol) A#v, i7" /v =B Uiz THF 4.0 mL 8 X OFEEE/K 0.4 mL MZ THA L
THET VT B LT, BIBAE L 10mL T A7 F 2azb— hT 2 THIET. N,
SEHREH L TEIRE CREL BusPPd G20.0047 g(0.0093 mmol) & Aku, #li7 /L=y G L
Wil THF 1.0mL ZMABK L TR VB, F V7 T XA a0z, W X—5%
WTINA, IR T 19 FFREER L7z, SM BT =0 F, 7 uui/L AT, KRR
T ALY LR, BT TR A B L BB IR OMA R % | 0.677¢ 187-,
LR EmEIRK s n~ N 7T 74— (Zunak/) ) THEEERL, BaEED 32 %
0.012 g 34%) K UMEEER 34 % 0.013 g (19%) 157,

32: mp 162-168 °C; 'H NMR (500MHz, CDCl3) § 7.69 (d, J = 7.7 Hz, 2 H), 7.61 (ddd, J=17.7, 1.7
and 1.7 Hz, 2 H), 7.55 (dd, J= 8.3 Hz, 2 H), 7.39 - 7.38 (m, 1 H), 7.30 - 7.28 (m, 2 H), 7.26 - 7.22 (m,
2 H),7.18 (d,J=3.7 Hz, 1 H), 7.11 (dd, J=4.9 and 3.4 Hz, 1 H), 7.04 (dd, J= 4.9 and 3.4 Hz, 1 H),
2.10(q, J=7.2 Hz, 4 H), 0.39 (t, /= 7.4 Hz, 6H); '*C NMR (126 MHz, CDCl3) § 152.3, 140.0, 13 4,
136.6, 130.1, 127.9, 126.2, 124.8, 124.6, 124.4, 123.7, 123.6, 121.0, 120.2, 119.8, 32.7, 8.5; IR (KBr)
1736, 1719, 1702, 1685, 1655, 1637, 1560, 1543, 1509, 1458, 1450, 1262, 1101, 878, 839, 799, 770
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cml,

34: mp 182-185 °C; 'H NMR (500MHz, CDCl3) 8 7.66-7.52 (m, 4 H), 7.46-7.45 (m, 2 H), 7.28 (d, J
=4.0 Hz, 1 H), 7.25-7.21 (m, 2 H), 7.17 (d, J= 3.7 Hz, 1 H), 7.04 (dd, J= 4.9 and 3.4 Hz, 1 H), 2.10
-2.00 (m, 4 H), 0.35 (t, J = 7.4 Hz, 6H); 3C NMR (126 MHz, CDCls) & 150.9, 145.0, 143.8, 140.5,
137.5,136.4, 133.4,128.1, 127.9, 125.0, 124.7, 124.6, 124.5, 124.3, 123.5, 122.9, 120.2, 120.1, 119.8,
32.8, 8.6; IR (KBr) 1637, 1542, 1509, 1471, 1421, 1265, 839, 800, 690 cm"".

FAZ 2 - TN F VLV TaER 28 B 24 ZRAVERK-BRHI U T
(AmPhosPd G2)

EFRDOFEE L FERROEIET AmPhosPd G2 0.0051 g (0.0093 mmol), 24 0.0312 g (0.15 mmol),
28 0.139 g (0.30 mmol), 18-7 T 7 > -6-=—7 /L 0.315 g (1.19 mmol) BL O 7 v ikt 7 A
0.095 g (0.625 mmol), #¥z# THF 3.0 mL KR OVERI/K 03 mL Z/0x, =R T 23 KA L
oo BRALHEZATV, BB & U TR ERMERIE 0472g 2157, 32 & 34 OAERE
'HNMR A7 ML EYEHLE,

35 DA

BOSEZITE — b ZAWTMEAL 208 HIERBE L, 7T @l L CERICEL
THW, BISIET_T7 I FRA ERRM FTITo72, Z2H 200mL FR7F 2=
(2 12.98 g (5.00 mmol), Pd(dppf)ClL 0.15 g (0.20 mol) % ¥4 THF 80 mL |ZIEfF SH7-, Rl
BHELIZ 10mL ¥ 77 Aali<w 732U L 030 g (114 mmol) Z AN Ce— W%
AWTHIE L 28 BT L, 73 @R L CRIRICRE L, # THF10mL M., 2-
TaE3-A I FNTFAT = 277 g (9.93 mmol) T LEE TR L, ZOBHK 7.5
mL ZEIEEDTOMN 200mL F AT T Aa~Nz, 2 BEEHK L, £0%, kTr=
T LA TF L THIH, BN REK TUEE L, BOKEREE T R Y U ATHIR LT, 2O,
TE T TR 2B E L, WBEMEREE S, Rk n~ T 74— (Zuaki
L) THEEREM U, B ERERIED 35 % 3.14 g (88%) 1372,
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1000

R: n-Octyl
35

'H NMR (500 MHz, CDCL,) 5 7.81 (d, J= 7.7 Hz, 1H), 7.74 (d, /= 6.3 Hz, 1H), 7.71 (t, /= 7.7 Hz,
2H), 7.24 (d,J= 5.1 Hz, 1H), 7.00 (d, J=4.8 Hz, 1H), 2.05-1.91 (m, 4H), 1.65-1.62 (m, 2H), 1.39 (s,
12H), 1.39-1.04 (m, 31H), 0.86-0.82 (m, 4H), 0.81-0.79 (m, 6H), 0.64-0.63 (m, 4H); "C NMR
(126MHz, CDCl,) 5 151.5, 148.8, 143.7, 140.1, 138.6, 138.5, 133.9, 133.8, 129.6, 128.8, 128.1, 123.8,
123.4, 120.1, 119.0, 83.7, 55.1, 40.2, 31.9, 31.8, 31.1, 30.4, 30.0, 29.6, 29.5, 29.2, 28.9, 26.5, 24.9,
23.8,22.7,22.6, 14.1; IR (neat) 2926, 2855, 1609, 1509, 1459, 1413, 1356, 1312, 1260, 1145, 1082,
1043, 853, 825, 694 cm’.

36 DERL

100 mL A7 A =2(2 35 2.20 g (3.10 mmol) %7 mraak/LbA 35 mL ICERESH, 0°C
WZWEILTe, 22~ N-7aERX7 A 3 F 0.54g(3.02mmol) @7 /b 35mL &
HEfR 15 mL OIRAEKEZEENC /YT TNZ /e, |RICREL 1 BEEE L, kTrxzv
T AT Vo THi, REK E FARREE T Y U ARSI TS L, SRR Y T
LCHIE LTz, E D%, WE T CIaEE2 B E L, B aREREOMRARY 21572, &l
Kru< 7T 7 44— (Zruk/ L) THEPER L, PBEMERIED 36 2 1.72g(70%)

7= Y

36
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'H NMR (500 MHz, CDCl3) & 7.82-7.80 (m, 1H), 7.75-7.69 (m, 3H), 7.34-7.32 (m, 2H), 6.94 (s, 1H),
2.60 (t, /= 8.0 Hz, 2H), 1.99-1.97 (m, 4H), 1.59 (t, /= 7.1 Hz, 2H), 1,39 (s, 12H), 1.29-1.03 (m, 31H),
0.90-0.84 (m, 4H), 0.81 (t, /= 7.1 Hz, 6H), 0.61-0.60 (m, 4H); *C NMR (126MHz, CDCl3) & 151.6,
150.1, 143.5, 140.5, 140.1, 133.8, 132.2, 128.8, 128.0, 127.8, 123.6, 120.2, 119.1, 110.0, 82.7, 55.2,
40.2,32.7,31.8,31.0, 30.0, 29.5, 29.4, 29.2, 28.8, 24.9, 23.8, 22.7, 22.6, 14.1; IR (neat) 2925, 2854,
1609, 1459, 1412, 1356, 1145, 1082, 964, 825 cm!.

23 RV 36 OEA (BIMEAI & AR, [36]0/[23]0 =8, rt, Table 2-3-2 entries 1-2)

FOMEAT, M7 AT FRERATBIOERKM FTITo7, 10mL FRA7F7 22kt
— N TRIET, EVE, ZEREMR L, RIRICRELEZ, £ 2~ 230.0014 g(0.003 mmol),
18-7 7 U /-6-—7 )L 0.050 g (0.19 mmol) % Aiv, Hi7 T EH L, M THF 2.0 mL
L 0.96M 7 Akt v LOKEEE 0.1 mL (0.096 mmol) &Mz, iR L CHRiT V= &L,
1 FEE IR IR Uiz, B8AEBE L SmL F v 7 2ak e — AU CRIE T, gL,
ToT U ER L CERICE L, 360.019 g (0.024 mmol) %2 AFUTHIT /LI T L, ol
THF 1.0mL Iz, B L CHEiT VT @R LR TR L, ZhEERO 10mL A7
TAAIARX—T 2 HWTMRAZERT 2 K L7z, 6 M HEKEIR T/ = F L, 7
B a RV L TTHI, BKRRER~ 7R U A TR L., 0%, BIET THRELZEEL, M
AR L L CGRABEER 0.032 g (229%) %1577,

23 W= 36 OES (BRAEAI L HEILCIEETE, [36]0/[23]o =8, rt, Table 2-3-2 entries 3-5)

FISiEET, M7 I FHR TR IOERRM T TITo7, 10mL FATZ I Raxtk
— N CRIET, ME%, ZBHREHRL, SRICE L, £ 2~ 230.0015g(0.003 mmol),
18-7 7 r-6-=—7 )L 0.053 g (0.20 mmol), 7 v{bkE A 0.015¢g(0.10 mmol) Z i7" /L
TEH L, ¥ THF 2.0 mL EZ88E7K 0.1 mL A MM B LT L= @ L 1 BREH
HRCHIR LIz, BIBAR LK SmL 7Y 77 xake— AU CRIET, M, 71
VIEHE L CEIRICE L, 36 0.017 g (0.021 mmol) Z AN THi7 /L= CEM L, #IE THF
1.o0mL iz, AL THTZT VI EHRL, RIBTHRE L, ShEERO 10mL 277
AAZH R =T 2N TIAEIRT 8 R L7z, 6M HEBKEKR T/ = FL, /n
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AL A CHI, EKRREE~ 7R U A TTHR LTz, £0%, WE T G4 %= L, e
e & LB EER 52.1 mg (425%) w1572,

23 MW 36 OFEE (BHMEKI L IR, [36]0/[2310=8, 0°C, Table 2-3-2 entries 6-
8)

23 0.0014 g (0.003 mmol), 18-7 7 7 »-6-=—F /L 0.053 g (0.19 mmol). 7 v {7 A
0.015 g (0.10 mmol), 36 0.019 g (0.024 mmol) ZFzf§ THF 3.0 mL & 788K 0.1 mL % VT
BRAGH & YIRS & FIREOBRIER T\, 0°C T 8 BRRIALEE L7-, H%ABA1T\ . B
[E{& 60.7 mg (433%) & 157,

23 Ve 36 OFEA BHAAAI L HIEBIEETE, [36]0/[23]0=8. rt, Table 2-3-2 entries 9-11)

RISIEET, M7 VI FRITBIOZRLKM T CTITo7%, 10mL 7R 7523kt
— P TRET, InEE, EREWR L, BRICR L, £2~ 36 0.019 g (0.024 mmol),
18-7 70 »-6-—7 /L 0.050 g (0.19 mmol) % Av, 7 /L= EH L, 4% THF 2.0 mL
& 096M 7 vkt v AWK 0.1 mL (0.096 mmol) &M%, S L CHiT L= @i,
AR L SmL 777 2akb— YU TRIET., Mg, 743 @ L TER
(ZERR L, 230.0015g(0.003 mmol) Z AN THE7 /L= CEH L, #f# THF 1.0mL Nz, i
K[LUTHT VAT BB UER TR L2, ZREERO 1I0mL FRAT75 23— %
AWTINA=IRT 2 R Lz, 6 M HBKIBIR T/ = F L, 7 n okl Chit,
HOKBEBR~ 7 220 LCHIR LT, 0%, BB T2 BE L, HARY & LTHaE
& 0.033 g (235%) %157,

37 ZHW T 36 DEA LT poly36-b-P3HT DAL (BRLEAI & S LR, [3610/[3710
=8, [38]0/[37]o=17. rt, Table 2-3-3 entry 1)

37 0.0016 g (0.003 mmol), 18-2 7 7 -6-T—F /L 0.054 g (0.20 mmol), 7 v{kE L 7 A
0.015 g (0.10 mmol), 36 0.019 g (0.024 mmol) ZFz#% THF 3.0 mL &7&84/K 0.1mL %AW T
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BRI & IRV L R OBIEEZ 1TV 0°C T 30 LI, ZD#% 38 0.020 g
(0.049 mmol) Z Fz THF 3.0 mL (ZIRMif S W 721K 2 OSIRADIRIRICIMZ S 52 0 °C
COC 32 KRR L, B EITVIRAREER 0.072 g (325%) 21570, ZOMARME L E
D7 BaFRNVANIERIEAY ) —NMZHETTD5Z LI K DWEBREREITV, REFEF
0.013 g (59%) %157,

37 AW 36 OEE (BALAAI L B EIREEE, [3610/[37]0 =8, rt. Table 2-3-3 entries 2-4)

37 0.0015 g (0.003 mmol), 18-7 T 7 1/-6-=—F /L 0.053 g (0.20 mmol), 7 vkt 7 A
0.018 g (0.12 mmol), 36 0.019 g (0.024 mmol) ZFifE THF 3.0 mL & 78847k 0.1 mL % W T
BRAAAI & AL EIRATE L R OBIEE 1TV =|IRT 8 BRI Lz, B 21TV B E
% 0.072 g (325%) % 157=,

37 2z 36 OEES (BIMLAI L A EIREE, [3610/[37]o=8, 0°C, Table 2-3-3 entries 5-
a)

37 0.0013 g (0.003 mmol), 18-2 T 7 -6-—F /L 0.043 g (0.16 mmol), 7 v ikt 7 A
0.014 g (0.089 mmol), 36 0.016 g (0.020 mmol) # FZf§ THF 3.0 mL & 7KK 0.1 mL %
THARARI & I SIRATE & RRROBIEER 1TV 0°C C 8 KFEIHIE L7z, %A IT B0
ER 0.040 g (343%) %157,

37 W 36 DEE GHEAI L BEEBIEEE, [36]10/[3710=8. rt, Table 2-3-3 entries 8-10)

36 0.0016 g (0.003 mmol), 18-7 T 7 -6-=—F/L 0.050 g (0.19 mmol), 37 0.019 g (0.024
mmol) ZFz/# THF3.0mL & 096 M 7 v{bt T v LKEH 0.1 mL (0.096 mmol) % FHU T
BRAAA] & SRR L FARROBRIEZITV, S|IRT 2 FERIEIE L, BROEEZITV, 186
B 0.044 g (314%) &7,
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37 2RV 36 OEES BRAEI L BEBIEEE, [3610370=5. 1)

37 0.0026 g (0.005 mmol), 18-7 T 7 >-6-=—5 /L 0.051 g (0.19 mmol), 7 w{bt ™A
0.017 g (0.11 mmol), 360.019 g (0.024 mmol) % §z/% THF 3.0 mL & 7&84/K 0.1mL ZH T
BAGHA & AL SEIREE & ARROBIEZIT\V, S|IRT 2 BRI Lz, BB Z1TV., BE
E{E 0.036 g (257%) %1537z,

\

Poly36-b-P3HT DE AR (BRAEAI & M FLSE RS, [36]0/37]0=5. [3810/[37]o=10. 0°C)

37 0.0025 g (0.005 mmol), 18-7 T 7 /-6-=—F /L 0.051 g (0.19 mmol), 7 v it A
0.016 g (0.10 mmol), 360.019 g (0.024 mmol) Z ¥zl THF 3.0 mL & 7Z887/K 0.1 mL Z MW\ T
BARA & AL SR IREE L AR OBRIEEZ 1T\, 0°C T 2.5 BRI L=, D% 380.021 g
(0.049 mmol) Z#Hzif: THF 0.5 mL (Z¥ff S E 7R 2 FOSRE WIS Z, EHIZ 0°C
T 3 FFEHEER U, BRAERAITOIREGEIR 0.083 g(379%) %457,

39 OERR

FISHEGT e — M Z AW TN L 2N HIREEHR L, 7A@l L CRIRICREL
THG, FUSET XTI FHA, BRKF CiT>72, =20 20mL 7 A7 F A=
W27 4 T =% x24T, 10.597 g (1.0 mmol), Pd(dppf)ClL, 0.015 g (0.02 mmol) % Fz)é:
THF 4.8 mL \CHM S &7, BRAELE 10mL 7275 A 240 FAFAT =
0.394 g 2.0 mmol) % Ak, & Z~Hifk THF 1.6 mL MNZ, 22,6,6-7 b T AFLERY D=
N= Xy hrzual) RYFyhsal REER THF bV WK 1.5 mL (1.5 mmol) %
T LERT 5 R L, ZOWKRERIEFENO=o0 20mL T A7 T RAa~hx, |
HEW Uiz, KTOZ = F, (b AT Lo T, fafnR ik Coed L, SR NV ¥
LTHMR LTz, BET CHEAEEL, MERiks n~< N/ T 74— (Z rak/V L) TH
HERSRLL . BB ERIERIAD B % 0.318 g (45%) 1537,
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OO
o = M s

R R

R: n-Octyl

39

'H NMR (CDCls, 600MHz) & 7.80 (d, J = 7.6 Hz, 1H), 7.73 (s, 1H), 7.69-7.67 (m, 2H), 7.57 (dd, J =
8.3 and 1.4 Hz, 1H), 7.53 (s, 1H), 7.22 (s, 1H), 6.88 (s, 1H), 2.63 (t, J = 7.6 Hz, 2H), 2.04-1.95 (m,
4H), 1.70-1.65 (m, 2H), 1.39 (s, 1H), 1.37-1.02 (m, 30H), 0.89 (t, /= 6.9 Hz, 3H), 0.80 (t, /= 6.9 Hz,
6H), 0.62-0.58 (m, 4H); '3C NMR (CDCls, 151MHz) § 152.1, 150.0, 144.7, 144.4, 143.7, 140.3, 133.9,
133.8, 128.8, 124.6, 124.4, 120.4, 119.9, 119.2, 118.9, 83.7, 55.2, 40.2, 31.9, 31.8, 30.7, 30.5, 30.0,
29.5,29.4,29.3,29.2,29.1, 24.9, 23.6,22.7, 22.6, 14.1, 14.0; IR (neat) 2925, 2854, 1638, 1509, 1459,
1405, 1354, 1145, 820 cm™.

40 DE R

50mL 7 A7 T A212390.71 g(1.00mmol) %7 mrz/LA 10mL [ZIEfESHE, 0°C 12
WHI Lz, 22~ N-TaEA7 A I K 0.17g(0.96mmol) D7 kbl (10mL) ¥
WETRHT L TOMA T, BRICE L, 1.5 R#ER Lic, KT = F ik A F L 2 ChiH,
B EKTHA L, ST MY U LATHBR L, Z20%, BIETTEEAEEL, W
WK O AERY % BT, BERE7 v~ 7T 7 4 — (7 maR L) THEER
L. BEERMRE © 40 % 0.58 g(73%) 57z,

Q-6

R: n-Octyl
40

'H NMR (CDCls, 600MHz) & 7.80 (d, J= 7.6 Hz, 1H), 7.73 (s, 1H), 7.69-7.67 (m, 2H), 7.57 (dd, J =
8.3 and 1.4 Hz, 1H), 7.53 (s, 1H), 7.22 (s, 1H), 6.8 (s, 1H), 2.63 (t, J = 7.6 Hz, 2H), 2.04-1.95 (m,

147



4H), 1.70-1.65 (m, 2H), 1.39 (s, 1H), 1.37-1.02 (m, 30H), 0.89 (t, /= 6.9 Hz, 3H), 0.80 (t, /= 6.9 Hz,
6H), 0.62-0.58 (m, 4H); 3C NMR (CDCls, 151MHz) 8 152.1, 150.0, 144.7, 144.4, 143.7, 140.3, 133.9,
133.8, 128.8, 124.6, 124.4, 120.4, 119.9, 119.2, 118.9, 83.7, 55.2, 40.2, 31.9, 31.8, 30.7, 30.5, 30.0,
29.5,29.4,29.3,29.2,29.1,24.9, 23.6, 22.7, 22.6, 14.1, 14.0; IR (neat) 2926, 2854, 1609, 1491, 1459,
1418, 1355, 1311, 1258, 1145, 1113, 1082, 963, 864, 692 cm’.

23 W 40 OES BRI L BHEEIEEE, [4010/[2310 =8, 1)

23 0.0014 g (0.003 mmol), 18- 7 7 -6-£—F /L 0.050 g (0.19 mmol), 40 0.019 g (0.024
mmol) Z## THF3.0mL & 0.96M 7 vkt 7 L/KERHE 0.1 mL (0.096 mmol) % FVT
BRARA & A SEIRAE & AR OBEZ AT\, |IRT 24 BERIBER L7, 7 v nadsor 4 Thil,
BAFIEAL A U U AOKESIR CHEN, MKRRIE~ 2% v v A TR, BUE T ORI 2RBEL, &
EA 0.018 g (128%) #1457,

37 #HWE 40 OEE (BIMhAI L HILEIEEE, [4010/[37]0 =8, rt)

37 0.0016 g (0.003 mmol), 18-7 T 7 -6-£—F L 0.051 g (0.19 mmol), 40 0.019 g (0.024
mmol) # ¥z THF3.0mL & 0.96M 7 vt v LAk 0.1 mL (0.096 mmol) % AT
BRARHI & L SEIREVE & ARROBIEE 1TV, B|IRT 24 BERIBR L7, B E1TV, B
B 0.048 g (343%) %157,

37 W 40 OFES (BREAI & RESIEEE . [4010/[3710 =16, 1t, conv.vs M, & H A)

37 0.0016 g (0.003 mmol), 18-7 T 7 1r-6-=—7 /L 0.103 g (0.39 mmol), 40 0.038 g (0.048
mmol), AEE LT 1,4-IO~F A4 F X B 0.013 g(0.048 mmol) # i THF 6.0 mL
& 096 M 7 b T L/KEK 0.2 mL (0.19 mmol) 2 VT BRAGHI & HE LSRR & )
HROBIEZATVWEIR T 24 RERIEEHE LT, 7 v kv L Chit, fafndi(bh U v 2K <
Ueid, MOKBRER~ 7 32V U LT, WET CHREZBE LAAEKEEAREK 0.044 g
(157%) %37, '"HNMR RO GPC £V 40 DL 5 55 F Bk O 8547 2
TE L7z (My=2470, My/M,=1.14, conv. = 19% at 5 min, M, = 3350, M./M, = 1.23, conv. = 37% at
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15 min, My = 4550, My/M, = 1.30, conv. = 43% at 30 min, M, = 5690, My/M, = 1.34, conv. = 58% at
1 h, M, =7980, My/M,=1.45, conv. = 84% at 3 h, M, = 10500, M,/M, = 1.62, conv. =99% at 24 h),

37 Wz 40 OFES (BRIEAI L EEIEEE, [4010/[37]0 =8, rt, feed ratio FHIH)

37 0.0017 g (0.003 mmol), 18-7 T 7 >-6-=—F /L 0.055 g (0.20 mmol), 40 0.019 g (0.024
mmol), W & LT 1,4-O~F T NA X _E 2 0.007g(0.003 mmol) % i) THF 3.0 mL
L 096 M 7 vtk AKEEH 0.1 mL (0.096 mmol) % A\ CRHAAAI & I SEIREE & [F
BOBIEZRAITV, S|IRT 24 BRI L7z, 7 v adL A G, fafitiibh U v Ak
THE, EKRIEE~ 7 RV ATHRR, BUE T CRBEAREL, HAaBEFEAEGE 0023
(164%) #4537z, 'HNMR K" GPC XY 40 Ofiz{bRIZxtd 50 FEBKR OV 1B &
ELTe (My=5210, My/M, = 1.38, conv. = 97% at 24 h)

37 RV 40 OEE (BHMEAI & EIEIRETE, (40103710 =12, rt. feed ratio % H{H)

37 0.0022 g (0.004 mmol), 18- 7 7> -6-=—7 /L 0.105 g (0.40 mmol), 40 0.037 g (0.047
mmol), WIEE LT 1,4-UF I AF X2 0.006¢(0.002mmol) % 2k THF 6.0 mL
L 096 M 7 bt AJKERIR 0.2 mL (0.19 mmol) % W CRARAHEI & AR E & [F
BROBEZEATV, B|IRT 26 BERIBIR L7, 7 v adlv AT, fafnifies UV v Ak
TUH, KRR~ 7 R U ATHEME, WET CREZBEL, HEBEEREARER 0.032g
(116%) %37z, '"HNMR KO GPC LV 40 OH{bIERIZRIT 55 8K O 1 8o % il
iE Lo (M, = 7220, My/M, = 1.42, conv. = 98% at 28 h),

7y I RY =—0D8K

37 (0.003 mmol), 18-7 7 7 -6-=—7 /L (0.20 mmol), 7 v{bt& 7 £(0.096 mmol), ¥z
M THF 2.0 mL L7K8K 0.1 mL Z AT, BilsaAl & HEIEIREE L AR OBE TR L
7co 40(0.021 mmol) @ 1 mL ¥l THF ([Z¥EME SR 2 MAEIRT 45 5 — 1.5 KffH
BHE L7-, 1(0.03 mmol) F£7/213 38 (0.076 mmol) ® 1 mL ¥z THF |ZIAfif S S8 %
FOSIEEEHIZIN A, 18-19 HEHIfEHR L7z, 6 M T = F, 7 mu /LA Chi,
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FIFEAL A U © DOKVAR IR, EARERE~ 7 R > W CEE R T O 28R L, 3
HEEKEHTE,

F) 7wy R ~=—D&R

37 (0.003 mmol), 18-7 7 7 1-6-=—7 /L (0.20 mmol), 7 v{t& 7 A(0.096 mmol), #%
& THF 2.0 mL &Z8BK 0.1 mL 2T, BRAAA & AR ETE & RO E TR L
7o 1(0.025 mmol) F7z1% 38(0.031 mmol) @ 2mL ¥l THF (CIAfR SB7-IK 2Nz
HET 1 R L7z, 40 (0.021 mmol) @ 1 mL #f§ THF (ZIAMR S 21810 %Nz =5
T 45 7y — 1.5 FefEl##P L=, 1 (0.025 mmol) £721% 38 (0.031 mmol) @ 1 mL Wik THF
(YA S TR &2 BUSREMVEIRICIN 2., 24-45 WA L7z, 6 M iR T = F,
7 vV NCHIH, BFEIE D U U ARSI CE, SRR~ 2 % v A TR, E
TCHBEEEREEL, LEAKREE-,
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BAE WIS

HERES FITBRN, SRR EZRTZ L0 L AEMEES A 4 — KB, A
WK N T DA B IR EOFERT A ZA~DISH, ERGIZET TR EA AT T
5o BHET S ZADMRRICI N T, VS 8o FOoFERSFBOM. Rintigds & O
BEHRAMEIIRE R BEL 525, MERAERESSTFHOBKY A S FFROMBEE TS
JEICAD R L, —RHEEN B ICHIE SNBSS ENLEL SN D,

—J, YHREOETEIL Grignard BIANF N TF AT = F ) v —IZfilifff & LT
Ni(dppp)Cla ZHWZfEM-ER N v 7Y  THEEPEHESHKNCEITL, 2 FEBLIUY
TEOMAOHE Sz PIHT BEbid 2 & & Al Lo, TOEAWHIL 0 o Ni filii
NHEFERO 1 FHEICENL LS bRERMO C-Br fia~E 0 FABE L CHETT 5%
LN LT (BB EIALEHNEAES (CTCP), & HIT Pd fillil 2 AV 7o 8aAR-E T
v 7Y U TERICBWTY Pd il (lBusPPd) MWV T CTCP %R L, n HERES T
OFI-RAKEE LTHER STV,

CTCP |2 L7 WFZE1 3 Dz Thh T\ 5 b 0o, CTCP 12 i A RE A 3 5 BB €
J = RRIE REFALIC G T X HRIEILREN TH D, REH-ERB CTCP HOKIGERE
bk, EBTHEEOEWRIE (Grignard RIE) IZRON D720, LA, RREEMDH DK
smEf kAl JOVEREFEE RET 2 213, filflchicn £2ER\ERTFT7—FT 7 F v
— BT AHRICKRE A E LI OTEE X, AMEOE —DEIE Lic, £io, Kk
1EAE U EABIAAEAIL, R Y ~—NEATE L, MEICHEShe 7 ry 7 LES
HBE/DENTED, £o, 1 MERREHEABOREHA KIS L X, MLEHRIER
ERDTHOBY A HFEROWEE TERIC AN —RKEEDOHH b LEL ShD, R
TR BN EN > 12 —FH5FR AB £/ ~—0 CTCP |[ZB L COWEHEILH 503, REHFER
EOSFABECET D REMAARFNC OV THEIIRE RV, o ERRELEA RO
FEAROT DI, il WE, & IO S FABBIEBIORME R LI L, HE S
NI BRI EARGE RWIERT25E. AHT A AEAT L o HERRERES
KRBT DHFEROBIRENE X, SORLMEREM LICHSTHIENRTEDEER, ZThg
AWFRDOE_ORRIE L,

BT, AREA R VBT AT NVEEFT D o (ERE DT 2 EERANFHT20,
BAR-EA v ) U TIWCH NIRRT O LT VAR L RIREEAIE L TR e SR ATV
ERWTINF LY AB £/ v—D8WAR-BHN v 7Y o FTEEERE L, TOMER, il
BEBEREDO®E\ Pd 7 UM AT 5 Z & T, PinB/AEILAIRGOR ) v— &/, EA
WIHBBEZ I\ T, KDY PinB/PA(L)-X Tor FEMEMRAIZHEM L TR Y | fikiifnsr+1
Bl % (ko BB A DEIT L TV D Z v E i,
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BT, RRE-ERMESEES RPICERERN r B LOEERRERNT 52 &
WX D8R-EHH v 7 ) T e HOVTIERIEEREAICOWTRE L., T4 7 =20F /<
—® Pd-PEPPSI-IPr # HV /- fEH-ER CTCP #%., AL L TCKPOs 27T Y — /i m T
AT E—HEIZIRINT 5 L 3 KR P3HT DI A EORGEN A 1 U EH KD CF3-CeHy
RKllonZ LERAH Uz, TOMtkx T )V —ARa U BEAT VX% P3HT MWiAN~
OEREEAICKEIIL, E5IT1F, ARER o VBT ATV EFTEIRY A&7 YLABEAF
VDG E 5T, PMMA-b-P3HT-b-PMMA @ bV 7' v 7 LB AR % ERIRICHE 5
T EMTET,

BINETIE, n HRBARXELAEGEROBEAR BN E L, ©I P -FFT7 =00
FROMMBENC T 282178712, BT ARIENLMBLIE Y PohbF 47 =
ICERAICBET 2 2 L 2HLNC L, Z5ER AB £/ v —OiEHa# 2187z, £hic
KW AB £/ v—DOBA-E#HL v 7V TEAFTRICK LBREATH oz, &
AR TR IS T A T = VR EICEML T A 2 L TE Y P UBRAS FRNBEI TE
PRONEELTLE D 2L E2EFARISICE > THL T LTz,

BRBE T, MEBEIFRER VA V- TF AT = ZHEFRE ) v —OWA-BH I v T
Vo ZEAICE LU TR L, 7 AVBUGICRERICESE, ABE/ v— &AM LT, Pd B
Wkl E W 8AR-E D v 7Y v S EEEE LI E T A, maFHELEORE LD
v, BEOHIEPRETH 72, LovLaen b, RUSTEHRRA T 2 AdL T LIRS %
5352 CEHEEAGUNREE L, SbIFAT7=2VBLG7AF LV EDV/INI T
oy 7 HBEEEGEM LT,

BRI A B DORLEE T, AFFRICIBNT, 05 FNBBIZTER L7287 2R %
HIEFEELLET LN TE L, SIS EREH BRI E UTER Lz r e 27 v
FRIIAK, BRI L TRETHD I b, tha RIEEZEIEAE UCEAT 5 Z L3 HE
b, n ERED TRHOBRET A7 Z7 VILFETZ1T T/ < | One-pot THTEBLT
SRS, WA E TR CHIE T X AMEESCH KRR e v BE AT 2mDTED
FitTHEonsd ) 7 ey s LESEEGRENINY, KT —/7 787 % —por &% 55l
L8 SR OWEZINT 5 Z LR TE, T2, 2L LB E D[ BICFHE T
EHLDOLHET D, n HERKRAILEAKRD CTCP 1, BIRIN LG EREMEE 1 =
=y be L7 AB £/ v—%2RiTHLENDH Y, KFROP TR LICET VRNE,
HR AB £/ v —OEHEASRENCEE R, ERSRMIEOSFRBEIT R X ONE T
B DB A EREICIR T2 Z EMNMCTELMAMRAY vy RCHHZ L &R LT, AAY
v FEIERT 52 LT, BMBEBROEDRR ELBIE LA ERZALEL K
DREERE L VR HED D Z ENTEHITTTH D,
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#it

KARAEDBICHEY, K5, AWM TEICTHEL THVWAFRNARF T
2 OBE B KB AW BE RBEERA IS, L ROERELIT,
AAELEDLIH o TEREIHERLPICTHATRE L L LSHRE
EEA g BEA. B K. IR OFERIRA. & ORK, BL FK
KB BB WAELET, 24 ERBIUVHXERZB L EFLLBICLE
Rfio st ZELE, BH BARK BB —K HAREXZ LI~
B R E 0 S48 E D BiRIcar» b BHEL T,

BRI, RRMEL L LT AREO—FICEREH A L T w2 ENRY
rFVk. WE EALK, Hite RAK. FROEAMA Rb AWkR, A
B OBEFRICSPLLRHBELIT,
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