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Fig. 1-1. Structure of poly(dimethylsiloxane) (PDMS).
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Fig. 1-2. Sructure of poly(tetramethyl-1,4-silphenylenesiloxane).
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Fig. 1-3. Pathways for the preparation of poly(tetramethyl-1,4-silphenylenesiloxane).
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Fig. 1-5. Preparation of polysilarylenesiloxane derivatives via dehydrocoupling
polymerization.
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Fig. 1-6. Preparation of polysilarylenesiloxane derivatives via polycondensation process
catalyzed by tris(pentafluorophenyl)borane.
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Fig. 1-7. Structures of polysilarylenesiloxane derivatives with various aromatic moiety.
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Table 1-1. Characterization of polysilarylenesiloxane derivatives with various aromatic

moiety.
Polymer My? My | M Ty (°C)° T (°C)° Tas (°C)¢
PSla 67000 2.33 60 —f 488
PS1b e e 62 225 480
PSlc 50000 1.93 29 156 442
PS1d 21000 2.26 26 —f 396
PS2a e e —f 242 389
PS2b 20000 2.81 118 —f 436
PS2c 20000 1.57 100 _f 500
PS3a 73000 1.56 67 196 464
PS3b 27000 1.67 84 f 495
PS3c 100000 2.26 156 _f 535
PS3d 67000 1.56 125 276 539
PS4 52000 2.36 119 —f 520
PS5a e e f 297 387
PS5b 43000 1.38 —f 286 519
PS5c¢ 13000 1.70 191 —f 482
PS6a 60000 1.69 85 127 517
PS6b 73000 1.35 115 154 523

Estimated from SEC eluted with THF based on polystyrene standards.

Glass transition temperature determined by DSC at a heating rate of 10 °C/min under a
nitrogen atmosphere.

Melting temperature determined by DSC at a heating rate of 10 °C/min under a nitrogen
atmosphere.

Temperature at 5% weight loss determined by TG at a heating rate of 10 °C/min under a
nitrogen atmosphere.

Not determined due to the insolublity in common organic solvents.

f Not observed from —50 °C to 400 °C.

— 5T, toblZv I NI BT 2=V EEHETHERY (F T AFLINALT U—1L
yvuaxt ) FEROGKIZOWTHRE LTS (Fig. 1-8) [28-30], A bi7=R
U~—I%, @WVERE BURAZEREZRTZ ENHMEIN TS,
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Fig. 1-8. Structures of polysilarylenesiloxane derivatives with various aromatic moiety.

I BT, Table 121" T X512, HHE LOEHRILE L T4 E L oA RERL
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Table 1-2.  Optical properties of polysilarylenesiloxane derivatives with various aromatic

moiety.
Compound Aabs / nm (¢ / L mol! em™) Aem / M Dy
9,9-diphenyl
ipheny 273 (14300) 297 (5500) 309 (7800) 310 323 0.04
fluorene
PS3d 290 (25800) 304 (14300) 316 (20000) 309321334 0.19
9,9-diphenyl
2 CIpheny 281 (11000) 292 (10000) 320 (750) 348 0.06
dibenzosilole
PS4 253 (22300) 300 (20000) 324 (3000) 352 0.23
Pyrene 322 (27000) 338 (43000) 374385394 0.19
PS5h 326 (28000) 343 (39000) 387408476  0.39
PS5c 374 (38000) 393 (29000) 413 0.37
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TAFNINANT Y —LbrimxH ) B kN 7 a X ZO0FFT7 2 v BRLORY
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KOER & FDONFEREMIZONWTIRR TS, 7 X FPF 47 = U FROERR
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ARG BEEHEREZES L THELNLI KRR v~ —[46 4713 KR, K= X b, 1K
ﬁ%%ﬁ@%%ti%n41@t@®tﬁm&ﬁﬂ&Lf@ﬁémfmé R 7L
U ATEEIE X A A — K (OLED) 72 EDOE T LFONE T LFICBIT 5 H®I
WL TWAREMRILERY ~—TH 5[48-50], —F, Fig. 2-1 (- T Loy F=
) FFT 2 UHERSIDL DR ETF AT 2 VR RA G T AT 2 RN v —R0
F U v —[2[TEHEEFRNE T P 2% (OFET) [53,54]1C 33V TRhERM) 72 S A i
EMEERT, — 5T, v aX ¥ V2,1-b:3,4-b’1F 47 = > (CPDT, Fig. 2-1) [33,34]
@7»%vw@ﬁ@%é%?%@ TNF VLV BRFPORCBUVRET A7 = VBRI
B EF AT 2 A BRBEARTH S, CPDT b RIT A ERET A 2D
%%@k@@ﬁ97~¥§¢Mﬂ®HEﬁmﬁ%ﬁ%wm&@ﬁaaDTm%%ki
N CPDT X — A DA R U~ —[40]DE SR B B A 1340 722,

Sy gy

Dithienc{3,2-b:2' 3"-djthiophene  Cyclopental2,1-b:3,4-b'|dithiophene
(DTT) (CPDT)

Fig. 2-1. Sructure of dithieno[3,2-b:2',3'-d’Jthiophene (DTT) and cyclopenta[2,1-b:3,4-b]-
dithiophene (CPDT).

— 5T, HFEREICVINVEZEATIZ LI EWVEEEFINRE L5 2
EMHE SN TUVWAHL26,55-61], & 512, Karatsu H[61,62]1%, UV EEZHFTDHT
N7 B UBEROBNFEZHRE L TEBY, YU AR EICESW T = =V EE AT
HZ LD, FoNTFHEENEVENAE FIEERL LU Fa L7 hal
BT UANRTZEEHALNT LT,

PLEDOE=IZE Y, RETIE, YV AEEHAT 5 CPDT #FEAR [CPDT1 : 2,6-E %
(FRURAFILLUN) 44D AF IV 7 aX H[2,1-b:3,4-b1F 47 =, CPDT2 :
26-BEARA (PAFNLT =)L U)V) 44T AT aXr H21-b34-b 1T AT
=Y, CPDT3 :2,6-E A (V7 2= /L AF LT Y )) b4V AF N7 a4
[2,1-0:3,4-b°1F F 7 x>, CPDT4:2,6-tZ (FU 7 ==L UL) 44-F AF )L
7 a R H2,1-b:3,4-0’1T A7 =] OERKESLNTFHERO N TR L O
FEENLEE%E (DFT) 2 W= B FHEIC OV TIRRTWS (Scheme 2-1),
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R' R? R3
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cPDT3| -CH; —)
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Scheme 2-1. Synthesis of 4,4-dimethylcyclopenta[2,1-b:3,4-b’]dithiophene derivatives

slels

having silyl substituents.
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S S Br_ S S _gr
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1 2
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CPDT1 - CPDT4
R? R? R3
CPDT1| -CH; -CH; -CHj
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ceory O O O

Scheme 2-2.  Synthetic pathways for CPDT derivatives having silyl substituents.

FF, BERICHE, 44-DAF L7 a X H[2,1-b:34-D’ 1 FF 7 = (1) [33,34]
AR LT RIS, 6T 1 ORF(EKE%E DMF H N-7 027 2> A I R(NBS)
ZHWTITHY ZLICLD, 2,6-V T 0FA44-D AF N7 a0 2(2,1-b:3,4-0"1 F A
7xr (2) BB, E6IC, o2 -7 FALIVFULBIWONNNNN-T b
AFNEF LT I (TMEDA) #HWe U FAeIS%, 7uans T ikl

iS85 Z L2k, CPDT1I-CPDT4 #7157-,
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Fig. 2-2 |2 CPDT FHE(K DI ALY kL% 753, Table 2-1 1Z CPDT FHE(R D H-:
etz £ & O TRT,

0.07F
0.06 F
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Q
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T CPDT2
2 0031
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Wavelength (nm)

Fig. 2-2.  Absorption spectra of CPDT derivatives in CHCl; at ambient temperature (Conc.:
2.0 x 10 mol/L).

Table 2-1. Optical properties of CPDT derivatives.

Compound Aabs / nm (¢/ L mol™! cm™) Aem / NM Dr?

1 319 (15000) 329 (11800) 378 0.01

CPDT1 334 (22000) 345 (17500) 382 0.03

CPDT2 337 (26600) 349 (20900) 385 0.08

CPDT3 341 (29900) 352 (23900) 387 0.23

CPDT4 344 (31500) 355 (26100) 389 0.70

®  Fluorescence quantum yield (®r) was determined by using pyrene (Pr: 0.19) [25]

as a standard in CHCl:.

CPDT1-CPDT4DWIN AT R LZEB T, CPDTERRICV U IILVEAZEATAHZ &
WX BV VN EFFRMB Oo-nlo*-n*IZIC LD, WINART MLORERET 7 b
BLOENMRNAREL (o) OB S72[26,55-61], WINART MLVOERE Y
7 M, o*-nr T X D RIRZEELE (LUMO) O ERIZ L 0, FEgk 5#5E (HOMO)
FLUMODB DT RV F—F v v THEFSEDZ EICL o THETHZ E03mb
NTW5, EARNAREOHEL, HOMOIZBIT 5 o-ndtfk & LUMOIZ B 1T 5 o*-n* ik
%12 X v, HOMO & LUMOD Bfi+F— A > h DN LS BRET— A O K
KT S, &5, YUNE R T2V EAEATHZ LI2EY, BARIEE
(Mabs) DR ET 7 FEB L PeDEMMAE = 72,

— 5T, W ART MUZET D VNVEOBADNR AR T D720, BEPLE
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¥l (density functional theory, DFT) % FVC, FEEES%IZIE B3LYP/6-31G(d) % fi
L, CPDT1-CPDT4 ® HOMO ¥ L () LUMO D= 3 )L ¥ —HENr D5 % Spartan’08 T
{T-72[63], Fig. 2-3 I¥ HOMO £ L' LUMO O 3 /L¥—H#E7 72 5 NI LUMO &
HOMO DD RNV —F v v TH R LRV —F AT 77 L THD,

LUMO
-1.01
T‘\“
"-1.16
A _1% ..... -1.26 131
L
= 417
% 3.95 3.94 T
o ' 3.93
4 3.89
9 l
o \J
c —
5 Y_ - —— — Y
5.18 =16 519 520
HOMO

1 CPDT1 CPDT2 CPDT3 CPDT4

Fig. 2-3. Energy diagrams of CPDT derivatives. Calculated using DFT method at the
B3LYP/6-31G(d) level.

1 (-1.01eV) & CPDT1 (-1.16 eV) ® LUMO O T /)L ¥ —U#E I LN (-5.18 eV)
& CPDT1 (-5.11 eV) ® HOMO D = %)L X —HEM DEVVTE, o*-n* &I LD LUMO
DLZFEAE L Do-ndi 12 L 5 HOMO O AL ED U A F /A U AFOEAIZ X -
THEINTEZEEZRLTWD, 37200, N AF AT U AFKOEAIZLY, LUMO
& HOMO DO R F—F v v 7N L, MARRNERORERY 7 Mgl &
I LTebDEEZXBLND, Fig. 23 IR T L2, YIANKEOATFALED—D%
7 = )VHERICERTH 2 L2 LD, HOMO B KOV LUMO O = %)L —UEN Dl )5 %
WD SEDZENMERTEZ, EBIT, VINKEOT7 2= VOB Lsx
X —YHEN OB DEE VT LUMO O 572 HOMO LV HR&E Wiz, UL B
D7 = =)VIEOEPEMNMTHZ LIk, RRIGEEDORKRES 7 MFHi s
LDEEZ LD,
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Fig. 2-4. Fluorescence spectra of CPDT derivatives in CHCI3 at ambient temperature (Aex:
317 nm, Conc.: 2.0 x 10°° mol/L).

Fig. 2-4 |Z CPDT #%E R DI A7 |~ )V % 759, CPDT #H SR DMK TSR Oem)
Lt E TN (Pr) % Table 2-1 12777, CPDT1-CPDT4 OE A~ LTl
CPDT BHIC VN A EATAHAZ LICL- T, BALEEEOEREY 7 FRBIZESN
7o £77, MABKEEOEREL 7 ML, YU ALK R T2V KA EATLZ L
X THBMl &,

ME W CPDT (1) BEL N CPDT1 @ & (ZZ 14 0.01 BEL Y 0.03 THY, CPDT
FIANCOATF AV NEEZEANTHZEICLY, DTN oM ELTE, S5,
CPDT2 ® &£ 0.08 THY, CPDT1 O &p LT H L 27 (5DEERL, v U LK
FIZT72=VERFEATHZLIZED, RIEIZ oMLz, £72, CPDT3 B LWV
CPDT4 ® PplIZFNFI 023 BELO0.70 THAHAZ MV UL EOT7 ==L FHD
s+ 52 L2k, BEERMETLZEDBHLNERST,

& DA EOJFE A AT D 72D1001E, HEhEE T, HAMARZEHE K, MiE
R EROREZ G AL FE T o ADE SR LMD NLETH H), ok
DA EIZ2oNWT, RO KD BN TX5[61], LD X 512, CPDT FHEARDLGHE
X, YINEEOT7 2= VEOBNZNEERER e 2m Uiz, 2L, ®EHHEETE
Bite EHBIERICH D720, Gr DI i e DN L > THEESNZHDEEZD
H, b LIE, YU NEKEZERLIZEFEIEEMOGE, F— bk —EIIRE (S)
DO " ZEIEREE (To) 1T 2R f VX —DEE LE L= 6 L, &
UNEEERTHZ L2 T S REOZ R VX —PNLENTHZ LICLY, HH
RAARETHITIER TE D L 91272 5[55,57,61], T72bb, YU NLEICT7 2=V E%
HATHZEI2XY or Db ERBHISNTZDIE, SUHIREED = R L —NEZET D
ZEIZEo T, FIFESNEbOEBLLND,
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2.3 fEam

ARETIE, YIUALEEAETDH CPDT #EK (CPDT1I-CPDT4) DA% R LT,
CPDTIZV U NWHEEATHZ LICLD, WINBLUORAEEEOREE Y 7 FOEL
Wt ER (o) OBIMMBBIRI ST, BRWIERE Q) BELOBAKBELEE em)
DOEWHET 7 Mo*-n* &2 KL 5 LUMO OZELE L Wo-ndtt&k iz X 5 HOMO DR
BEAIZL>THEINTZ D EEZ NS, VI NAVEEDT = = VEOEEZ N X
DI LI VHENETIR (@) B ETH5ZENRELNERoT-, Thbb, v
VNN 7 == VEAEAT S EI2ED,  SUIREED To RBEIZ %9 2 A%y 72 = %
N —DAEELE ST L, SIREBOZ RV —DLZENTHILICL-T, &
DR ENRFITHEREINT-HbDEEZEZ BN D,

500F
R! R2 R3 34007
R g R CPDT1| -CH; —-CH; —CHs gsoo» < CPDT4
i W I OO P cro2
R R CPDT3| —CHs _© _Q é 100+ ggg;ﬁ
crons| ) O ) °

0 1 L L I T
340 360 380 400 420 440 460 480 500
Wavelength (nm)
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2.4 ZEgIH

2.4.1 Materials

4,4-Dimethylcyclopenta[2,1-b:3,4-b’]dithiophene (1) was prepared by the modified method
of the literature[33,34]. Detailed procedures are described as below. Diethyl ether (Wako
Pure Chemical Industries, Ltd.) was wused after distillation over sodium.
N,N,N’,N’-Tetramethylethylenediamine =~ (Tokyo Kasei Kogyo Co., Inc.) and
N,N-dimethylformamde (DMF, Wako Pure Chemical Industries, Ltd.) were used after
distillation over calcium hydride. N-bromosuccinimide (NBS), 2.6 mol/L n-butyllithium in
hexane (KANTO KAGAKU), chlorotrimethylsilane,  chlorodiphenylmethylsilane,
chlorodiphenylmethylsilane and chlorotriphenylsilane (Tokyo Kasei Kogyo Co., Inc.) were
commercially available and used as received.

2.4.2 Measurements

'H and 3C NMR spectra were recorded on a Bruker AVANCE 400F spectrometer in
deuterated chloroform (CDCIl3) at ambient temperature. Melting point (M.p.) was
determined by differential scanning calorimetry (DSC) on a RIGAKU ThermoPlus DSC8230
at a heating rate of 10 °C/min under a nitrogen flow rate of 10 mL/min. High resolution
mass spectra (HRMS) were recorded using a JEOL JMS-T100LP LC-TOF mass spectrometer
in electrospray ionization (ESI) mode. Absorption spectra were measured on a Shimadzu
UV-2450 spectrophotometer.  Fluorescence spectra were measured on a Shimadzu
RF-5300PC spectrometer by use of the chloroform solution degassed by argon bubbling for
30 min. Fluorescence quantum yield (@r) was determined by use of pyrene (@r: 0.19) as a
standard[25]. The highest occupied molecular orbital (HOMO) and lowest unoccupied
molecular orbital (LUMO) energies were estimated by the DFT calculations
(B3LYP/6-31G(d) level of theory) using Spartan *08 for Windows (Wavefunction, Inc., Irvine,
CA, USA)[63].

Synthesis of 2,6-Dibromo-4,4-dimethylcyclopenta[2,1-b:3,4-b’|dithiophene (2)

Bre_ > S._-Br  Under dry argon atmosphere with shielding the light, 1 (0.200 g,
/N 0.97 mmol) and NBS (0.345 g, 1.94 mmol) in 7 mL of DMF was
o, stirred at ambient temperature for 1 h. The reaction mixture was

poured into 10 mL of saturated sodium thiosulfate aqueous solution, and the crude product
was extracted with hexane. The combined organic layers were washed with saturated
sodium chloride aqueous solution several times, dried over anhydrous sodium sulfate and
filtered. The filtrate was concentrated under reduced pressure and purified by silica gel
chromatography with hexane eluent. The collected fraction of Rf value of 0.57 was
concentrated and the residue was recrystallized from hexane to afford 2 as colorless crystals
with the yield of 97 % (0.343 g, 0.94 mmol).

'"H NMR (CDCl3, 400 MHz, §): 6.99 (s, 2H, thienyl protons), 1.40 (s, 6H, -CH;). ’C

_19_



NMR (CDCIls, 100 MHz, 8): 158.3 (thienyl carbon), 135.1 (thienyl carbon), 124.0 (thienyl
carbon), 111.4 (thienyl carbon), 46.4 [>C(CH3)2], 24.8 (>C(CH3)2). M.p.: 106 °C.

Synthesis  of  2,6-Bis(triphenylsilyl)-4,4-dimethylcyclopenta[2,1-b:3,4-b’]-
dithiophene (CPDT4)

Under dry argon atmosphere, 2.66 mol/L
© © n-butyllithium in hexane (1.24 mL, 3.30 mmol) with
_ @ TMEDA (0.383 g, 3.30 mmol) was added dropwise to

@S' \S/ \S/ i the mixture of 2 (0.300 g, 0.82 mmol) and dry dicthyl
@ ¢ @ ether (25 mL) at —78 °C.  After the resulting solution
" was stirred at ambient temperature for 1 h,
chlorotriphenylsilane (0.973 g, 3.30 mmol) in 3.5 mL of dry diethyl ether was added to this
solution at room temperature. The reaction mixture was stirred for 36 h and poured into 25
mL of water with stirring. The crude product was extracted with ethyl acetate. The
combined organic layers were washed with water several times, dried over anhydrous sodium
sulfate and filtered. The filtrate was concentrated under reduced pressure and purified by
silica gel chromatography using the mixed solvent of hexane and chloroform (3/1 v/v) as
eluent. The collected fraction of Rr value of 0.43 was concentrated and the residue was
recrystallized from methanol to afford CPDT4 as pale yellow crystals with the yield of 30 %
(0.180 g, 0.25 mmol).

'"H NMR (CDCls, 400 MHz, §): 7.63-7.59 (m, 12H, phenyl protons), 7.46—7.43 (m, 6H,
phenyl protons), 7.43—7.36 (m, 12H, phenyl protons), 7.16 (s, 2H, thienyl protons), 1.43 (s,
6H, —CH3). '3C NMR (CDCl;, 100 MHz, §): 163.51 (thienyl carbon), 142.88 (thienyl
carbon), 136.15 (phenyl carbons), 134.89 (thienyl carbon), 134.10 (phenyl carbon), 131.39
(thienyl carbon), 129.85 (phenyl carbon), 127.91 (phenyl carbons), 44.35 [>C(CHz3).], 25.33
[>C(CH3)2]. HRMS (ESI, m/z): 723.2033 Calcd for C47H39S,Si> [M + H]". Found 723.2055.
M.p.: 260 °C.

Spectral data for CPDTI-CPDT3

2,6-Bis(trimethylsilyl)-4,4-dimethylcyclopenta[2,1-b:3,4-b’]dithiophene (CPDT1),
2,6-bis(dimethylphenylsilyl)-4,4-dimethylcyclopenta[2,1-b:3,4-b’]dithiophene (CPDT2), and
2,6-bis-(diphenylmethylsilyl)-4,4-dimethylcyclopenta[2,1-b:3,4-b"|dithiophene (CPDT3)
were prepared by the similar method as the preparation of CPDT4 using
chlorotrimethylsilane, chlorodimethylphenylsilane and chlorodiphenylmethylsilane as the raw
material, respectively. The spectral data for CPDT1-CPDT3 are as shown below.
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| | CPDT1 was obtained as pale yellow liquid with the yield of
i S S\ Si—

BRUa¥ Al
'"H NMR (CDCl;, 400 MHz, §): 7.06 (s, 2H, thienyl protons),
K 1.45 [s, 6H, >C(CHs).], 0.33 (s, 18H, —Si(CHs);). '*C NMR

(CDCl3, 100 MHz, 9): 163.04 (thienyl carbon), 140.90 (thienyl carbon), 140.80 (thienyl
carbon), 127.27 (thienyl carbon), 44.02 [>C(CHs)2], 25.38 [>C(CHz3)2], 0.11 [-Si(CH3)3].
HRMS (ESI, m/z): 351.1093 Calcd for C17H27S2Si> [M + H]".  Found 351.1102.

| S s | CPDT2 was obtained as pale yellow crystals with the yield of
—Si Si—

Yaw 36 %.

@ _‘ @ '"H NMR (CDCl;, 400 MHz, §): 7.61-7.57 (m, 4H, phenyl
* protons), 7.39-7.36 (m, 6H, phenyl protons), 7.08 (s, 2H, thienyl

protons), 1.43 [s, 6H, >C(CHz)2], 0.61 [s, 12H, —Si(CH3)2]. '*C NMR (CDCls, 100 MHz, §):

163.25 (thienyl carbon), 141.57 (thienyl carbon), 138.58 (phenyl carbon), 138.00 (thienyl

carbon), 133.95 (phenyl carbons), 129.33 (thienyl carbon), 128.53 (phenyl carbon), 127.85

(phenyl carbons), 44.12 [>C(CHs)2], 25.35 [>C(CHs3)2], —1.20 [-Si(CH3)2]. HRMS (ESI,

m/z): 475.1406 Calcd for C27H31S2Si> [M + H]*.  Found 475.1377. M.p.: 123 °C.

| S S | CPDT3 was obtained as pale yellow crystals with
QS'K\ 5/ s S‘@ the yield of 50 %.

@ ‘ @ "H NMR (CDCl3, 400 MHz, §): 7.61-7.57 (m, 8H,

* phenyl protons), 7.44—7.35 (m, 12H, phenyl protons),

7.10 (s, 2H, thienyl protons), 1.43 [s, 6H, >C(CHs),], 0.88 (s, 6H, —SiCH3). '3C NMR

(CDClI3, 100 MHz, 8): 163.42 (thienyl carbon), 142.30 (thienyl carbon), 136.57 (phenyl

carbon), 135.96 (thienyl carbon), 135.04 (phenyl carbons), 130.02 (thienyl carbon), 129.63

(phenyl carbon), 127.89 (phenyl carbons), 44.24 [>C(CHs3):], 25.33 [>C(CHz3)2], —2.24

(-SiCH3). HRMS (ESI, m/z): 599.1719 Calcd for C37H35S2Si> [M + H]*.  Found 599.1721.

M.p.: 167 °C.
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3.1 #5

MEARBEREZES L TELNDHERY v —[464711F, F#K, K2z, KHE
B DEBLINTT A ZADTO OB e L THER SV TW5, Fig. 2-1 TR
LIV F ) FA7 = IR DL D RETF 47 = AR E S TFF 7 = R
NY =AY I~ —[52)1%, AEEBEFNENT 2% (OFET) (2B THIHEAYR
BRI A R T[53,54], SIS, R TAF L ATEERE XA F— K (OLED)
M EOEFROREFTLFICBITAHRICEL TWLREN LR ~—ThD
[48-50], — /7T, ¥ 7 uX & V[2,1-b:3,4-b1FF 7 = (CPDT) [33,34]i%, 7/ A
VOB EMTH Y, IAVF L UERTORCEBURET AT = VERICE I X
FEFAT = UEERBYEARTH S, CPDT FHEKITAMLRET A ZDBEFEDT-
BDORY = — 5B O RIE 72 BiBRIR[35-39] TH 543, CPDT #FE(RFE LN CPDT
NR—= 2O HALR Y = —[40]DEERFEIC BT DA 1T 7,

— 5T, FERLECVINVEZEATLIZLICLY, BVEAEFIERE 6T
T ENHE STV D]26,55-61], =9y T- OLED #EHE L CORY va 4 U iFE R
OfERIE, 26 DIERNT 7 AEBIRE (Ty) [1,2] DEEESHM = F >~ —TEK
ZRRRICT H7280, BRAECOLBEEDIR T 2FERT L L ARBEUTHDL EEZD
N5, — 5T, BN ERSCBEIRIIRT 22 EM[1,2,64]2 EORY v 4
COMEIX, & OLED MEHIE L TWD EE X LD, AU a3 g ko
T, M EXEDHEO—2L LT, EHICESSMIERGTEREEANT L ERHT
HiL5[9,15,19-22,65], Bl 21X, RV (P AFvaxH) O T,13-123°C TH 573,
RY (T RIZAFAUAT Y —Lbrvaxty) FEERDO T IHEEASNET Y —1
VLI X o T, =52 °C~191 °C O#EIFAIZ $H 5[15,19,20-22.27], S HIZ, FH _=Th
R7=EBY, CPDTEHIC T 2=y U NVEEEAZEATSHZ L2k, B et
T ZENHENEIRSTWD [66],

PLEDEFIZE Y, KETIE, H _FETHOLNZ CPDT FHEAROE S TALOMRG &
LT, CPDT BZAETHRY ATV —Lryafxdy) HFEK [P1:44-2 X
FN 7 alX B2 1-b34DF AT 2 B ERETHRY (T RITAFALALT
V=L rvafxthy), P2:44-U AT N7 a XU H[2,1-b:34-D’10 T 47 = Bk
PHTHRY (PAFAS Tz AT U —LriaXxiy) | P3:44-JAF)L
T aRBR21-b3AD VT AT = EREATHRY (TR T7 7= T
—LrvrXxtr) | O E G ONTEFHFEROEWIM I LU FRHEIC DN TR
% (Scheme 3-1),
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R! R! 1,1,3,3-tetramethylguanidinium

R
HO—S:i \S/ \S/ S:i-—OH 2-ethylhexanoate HO S:i S S S{PO H
2 2 2 2
RWR benzene, reflux, 12 h AN WA

M1 - M3 P1-P3
1 M1, P1 M2, P2 M3, P3

R1 _CH3 _CH3 @
@ o O O

Scheme 3-1. Polycondensation of CPDT derivatives having hydroxysilyl substituents.
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3.2 BREEE

321 F/v—¢,RY~v—DEsE

Scheme 3212V v T ) —/AE /) ~— [M1:26-E2 (PAF/LE Fakx L)
A4-TAFNT 7 a N H[2,1-b3 4D TF AT 2, M2:2,6-BEX (AFNVT 2=
e R v U) 44-CAF N7 a2 [2,1-b:3,4-0 1 F 47 =, M3:2,6-
A (V7= Rexo v UL) 44-UAF N7 aRXrH[2,1-b34-0°1 T F
7] OERRREETRT,

i) n-BuLi, TMEDA / Ef;,0

NBS/DMF B S -78°C, 30 min~r.t,, 1 h
rt,1h iy HSI(R')(R?)CH, r.t., 24-36 h
1 2

R1 R1
L s s, 4

H=Si $H 5% Pd-C, Ho0 / THF

rt,12-14h

3, M1 4, M2 5, M3

| oo o—ow ()
o | O O

Scheme 3-2. Synthetic pathways for CPDT derivatives having hydroxysilyl substituents.

F9°, BEHR[36,37,661CTEVY, 4,4-F AF )Ly 7 a Ry A [2,1-b:34-0° 1 F 47 = (1)
AR LT I, B 5721 DR FE A DMF 1, N-7 B8 227 2 > A 3 F(NBS)
FHNCTITHY 2 LI, 2,6-V 7 0FA4 D AF N aRy Z(2,1-b:3,4-010F A
Txy () BEE, SbIT, BHNE 2 L T FAYF T LR Y FAHLRE
%, 7oy T U LRISSEHZLICLD, 26-BR (PAFILTYN) 44T
AFNL I aRe A[21-b3 41 F A7y 3), 2,6-EA (AFALTxz= L]
V) AA-D AT a R R21-b3401F AT 2 @) BLO26-ER (V7
TV I N) AA-TC AT T a R A [2,1-b34-D 1T AT = (5) B, *
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D%, 5%/XT7 P07 LA —R il b Uiz 3-5 OMKSRISZ LV, M1-M3 &
L7,

Bonz MI-M3 OEMERIEE 1,1,33-T b T AF LT T =V =17 A2-mF jL~
XY ) oA PEAEEE U THWTITY Z L1248 Y, P1-P3 2157 (Scheme 2-2), A&
HATIHERO@EmY, Py, NMLZ LR EDOT ) <v—B L08R <~ —0 5
VRIS, K EREM Z TR T DI 2T 5 2 &3 T& 5[19-22], M1-M3
D HEHfE A OFE R % Table 3-1 (2737,

Table 3-1. Results of polycondensation and thermal properties of P1-P3.

Polymer  Yield (%) My My/ M Ti(°C)  Tm(°C)F  Tus (°C)f
P1 40° 13000 1.34 56 e 460
P2 69° 17000 1.78 97 e 459
P3 30P 25000 1.49 137 e 479

Insoluble part in methanol.

Insoluble part in acetone.

Estimated from SEC eluted with THF based on polystyrene standards.

Glass transition temperature determined by DSC at a heating rate of 10 °C/min under a
nitrogen atmosphere.

Melting temperature determined by DSC at a heating rate of 10 °C/min under a nitrogen
atmosphere.

Temperature at 5% weight loss determined by TG at a heating rate of 10 °C/min under a
nitrogen atmosphere.

& Not observed from —50 °C to 400 °C.

P1-P3 X THF, 7 nuzk/L A, ML 72l a3 U LT 2 LHAMARIR LT
B 722 oRn 3 2 E RSB B0 & 7o 72, P1-P3 D1 1L SEC HIE (Fig. S2-1-S2-3,
P.97) BLUNMR 73 EEIC LV #EGR L7, P1-P3 @ SEC OFfER LV, HoizRY
~ I THIEEZ R LT Z b RR CERE LT S BR EOR S FREENIZIESE
BICAZ )= NVERITTE N HFTORREICEZ > TRESNLTWD Z ERB L0
ElpoTz, M3 & P3O 'HEBIONECNMR %% E 1 Fig. 3-1 & Fig. 3-2 (2”7,
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@ ®)
20 HO
/ j 2
boe | k i J i DMSO-d,
g,hjl I h DMSO g Q Qh
14. & s S - |
0 | HO—Si Oml Si—OHm € Ho—si__S__ F.5.8 sion
g [ WA,
4 p | ‘ >c d
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I ‘ 2 gi I/
8.0 |
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§ / ppm & / ppm

Fig. 3-1. (a) 'H NMR (solvent: DMSO-ds, 400 MHz) and (b) *C NMR spectra (solvent:
DMSO-ds, 100 MHz) of M3 at ambient temperature.

a b b
(2.0
ceg |/ j
hijl k i coal, j
+ h i
CHCl, | h
12.0 Ho——si__-S S\ _Si—0--H dji © vod—di_s f.se 48 ol
N/ \/ L 7t/
7 b 9 _\'c d
I\ "fa d fln ‘a n
[ e
df 'a
i,k
’ 6.0 h
80/ ¢ 9 .
H,O / c b
Nl di
1N L,,,,LULA, L MM
8 7 6 5 4 3 2 1 0 160 140 120 100 80 60 40 20 0
& / ppm 8 / ppm

Fig. 3-2. (a) '"H NMR (solvent: CDCl3, 400 MHz) and (b) '*C NMR spectra (solvent: CDCls,
100 MHz) of P3 at ambient temperature.

P3O 'HEBLOBCNMR (%, M3 D 'HNMR IZBW TSNS X572 Rk
FEIZERT 5 7.31 ppm O 7 FIVDOIERE RN T, M3 & ZIEFRERTH > 72, Fig.  3-3
IR L 91Z, 'THNMR O 7 b, FESERS LV BECNMR O 7 F 08 P3 OfiE
IZKLCIRBTEAZ D P3 OMEELZHR LI, ZNALOMRLY, BIKISITE
FEAHICHEIT L TR D EB X LD, [FEROFEEN M1 & M2 OEEES T
HILD T EER SN,
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3.22 NY~—oByHt

P1-P3 O T, 1L DSC FEIZ L W IRE LIZ, PI-P3 DEH Y R —F 1 ZHED DSC
iR % Fig. 3-3 12”7,

97 °C!

! 56 °C \
E’/I l : [ | : [
50 60 80 100 120 140

Temperature (°C)

137 °C;

<«—— Endotherm
@‘4
v

Fig. 3-3. DSC thermograms of (a) P1, (b) P2, and (c) P3 on a second heating scans under a
Nz flow rate of 10 mL/min and a cooling or heating rate of 10 °C/min.

Fig. 3-3 705, P1-P3 D TylE, ZALE4L 56 °C, 97 °C B LN 137 °C L RE ST,
Te DEWE, ¥ UV EOBEHEIRE LTz, @@ 7 = =V, £ ONRREEIC
X0 EHEOBEIAZMGIT 5720, VUANEECERW T 2=V EEEAT LI LICL
D TN ELZbDEEZBND, £72, P1-P3 ® DSC JIEITHBWT, T iTEH S
Niginole, O ehn, MOFRY (F RIZAFLIANT I —Lriuaxty) i
BR[22,26270 B W T H BRI SN XK 912, PI-P3 133ERMEDR Y ~—TH D Z & A
R AN, — T, PI-P3 D TyslE, TGABIEIZ LY, FHEFN 460 °C, 459 °C I3
X479°C LRESNTZ, 2D EnD, VUK BT 2= VEEEATH I LI
XV, mEWT = = VN EHOEB Z G 5700, BVEEMENSGET S Z L
BN o T,
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Fig. 3-4. Absorption [(a)—(c)] and fluorescence [(d)—(f), Aex: 317 nm] spectra of CPDT
derivatives in CHCl3 at ambient temperature (conc.: 2.0 x 10° mol/L); (a) and (d): 1, 3, M1,
P1; (b) and (e¢): 1, 4, M2, P2; (¢) and (f) 1, 5, M3, P3.
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Table 3-2!ZCPDT#HEER DY M2 £ L O TaRd, CPDTERICT U VA8 A4
HZ Llizkv, CPDT%%%@%WX/\? MUZEBWT, v VAL FHRER Do-nk
EQON LR LB = , WINARY M OEREY 7 P B LR (o) O
nw%@émto
&Wx&&kw@ﬁﬁEV7kmcﬁﬁﬁﬁmi5%ﬁ§%ﬁ<umm)®£ﬁ
fbiz & e EEE (HOMO) ELUMODM O =R ¥ —F ¥ v 72K T SE5
C&Gctof BT D ENMLEINTVWD, HOMOIZ BT bo-ndktk & LUMOIZ 31T
Ho*-ptIARIZ L D, HOMO & LUMOD BAR-E— A > RAEIML, BEERE—A 2 b
DRI DHZ IR, EAVRSAREDBEIM L7200 EE X HIL5H[26,55-61], &6
2, YUNKECT7 2= VA EATHZ L2k, MARINKEE ) DEKEY
7 NB X PReDEEMAMAER S iz,

Table 3-2. Optical properties of CPDT derivatives.

Compound Aabs / nm (¢/ L mol! cm™) Aem / M D

1 319 (15000) 329 (11800) 378 0.01

3 336 (24500) 348 (19200) 382 0.09

M1 335 (24300) 346 (19200) 381 0.09

P1 336 (23700) 348 (19200) 381 0.09

4 338 (30500) 349 (25000) 385 0.24

M2 337 (23700) 349 (22000) 383 0.21

P2 338 (27000) 350 (22000) 385 0.26

5 342 (32500) 354 (27500) 389 0.85

M3 341 (30000) 354 (25000) 387 0.81

P3 342 (31000) 354 (26500) 389 0.78

?  Fluorescence quantum yield (®r) was determined by using pyrene (Pr: 0.19) [25]

as a standard in CHCl:.

— T, WINART "I T 5 UV VEOBANDOREHRT D720, BEEIN
B4 (density functional theory, DFT) % VT, FREES#ITIE B3LYP/6-31G(d) % fifi
F L 7= Spartan’08 C M1, M2 3 X TUYM3 ® HOMO 35 X OV LUMO O =R /L¥ — AL D
FH58 A 4T - 72[63], Fig. 3-5 (£ HOMO ¥ X O LUMO O = %)L —HEAL 72 5 ONZ LUMO
& HOMO OO N F—F v v T2 R LI RXNAVN X =LA T T A ThHD,
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Fig. 3-5. Energy diagrams of CPDT derivatives. Calculated using DFT method at the
B3LYP/6-31G(d) level.

1 (-1.01 eV) & M1 (-1.28 eV) @ LUMO DT R)LX—HEN DEME, o*-nrifk
IZL D LUMO OEREN I AFALYAERDEANIZ L > THBEIN-Z & E2RT,
LMo T, PAFAVYLEOHEANZLY, LUMO & HOMO D0 = F/LF—X
Yo TNED L, BMARINEEOEREY 7 b2g|l&ELzbnlEzBND, &
512, Fig. 3-6 [T X olZv Ui bEo— o@f%w%%7izwg’%@¢é:
EIZ2X Y, HOMO B LN LUMO = R /L¥ —YEN Dt 7 2 S8 5 Z L 3R T
2o YUNEEDOT7 2= VOO LD T R F— Eﬂ®ﬁ9®§éw
LUMO @57 HOMO LV b KR&EW=D, YU NLEEDOT = = VOO LY
BRWNIEEOREREY 7 MRFEINZLDOEEZLND,

CPDT #FHEAR DMK AR hem) & BILETULE (Pr) % Table 3-3 12777, CPDT
FHEARDOHE ALY MIZEBWT, CPDT BHRICV VALK AZE AT L LICL-T
EHWEORWEY 7 "B SN, /2, BAKELEEEOEREY 7 My UL
HEDOATFNIEE T 2= VIRICESHB D Z LI Lo THBIHIES N,

@r X, CPDT BHKICV VI NVIEEEZE AT L Z Lick i kL7, MEH CPDT (1)
EAF YR (3, M1, P1) @ ®plE, ZFiILZE40.01,0.09,0.09 33 LT00.09 TH
D, CPDT BHICV AT NN Y NEEBATHZ LIZLD, DTN e dm L LT,
B, AFNVLT7 2= UL CPDT (4,M2,P2) @ &rlik, TILZ110.24,0.21 Bk
026 THY, PAFALTIMERED 27fEREL, YU NE R 2= V0B A
THZEILED, KRIEIZ O BNEEINT D Z ERHLNE oz, T2, V7=
UL CPDT (5,M3,P3) @ &L, TiLZF110.85 081 BLN0.78 THHZ b, v
INEEDOT = = VEOBNHEMNT D &, BN LT 52 ENRHLNERoT,
—J7, 99-V 7 2= VI NFVUERERTLRY (T RITATFAALT U —L Y
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2 ) OIEEREENERE S TVWDH[26], 9,9- 7 ==L T A L AT T LA L v
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(T RIAFNLINALT V=L rimxtr) O @eld, P1 (@r:0.09) LV HEV0.19
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TIRELMETLZERHLNE RS, T70bb, P DXLORTYTz=1T UL
EAHTHCPDTBREETHRY (AT —Lriaxty) X, Ahwest
BrOBERDO—DC72 D 2 EMREN, ¥ T7 2= U LHE CPDTIZEAT S Z LIT
L0, AREWFIEER LR & 720 CPDT O3 A BHE ICETX 5 2 L W
kol

&r D EOJFEZ IS T H72DI0IE, HEGHEEE, HAEARZEHE T, i
HHEEEHORELELIALFE T o 2D S LR 55BN LETH LD, &F
DI EIZONT, RO LD BLENTE5H[24], LD X 51, CPDT FHEAKRDOLE
%, YUNEED T 2= VORI ERE e 2R Uiz, 2, SESHEEE
BT e L HBIBMRICH D720, Or Dl Elid e DI L > THFREEINZBDOEEZ S
N5, b LIL, YU NVEREZERLTCAERELEMOSE, FH—ihk—EIREE (S)
DO " ZEIEIRE (To) 1T 2R x LT —DNEER e b6 L, v
UNWHEZBEHESTDLZEICE>T SIREOZ R AL —RNELETHZLicky, THE
RAEREEHIIEHE TE 5 L 9122 5[55,57,61], $72bb, YUY ==Lk
MAT L2 EICEY op O ENBIIENTZ0F, SIIREEOZ R X —0NZENT D
ZEIZEo T, FIFEINELDOEBLALND,
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3.3 fEaw

AETIE, CPDT ' H#HEAHTLH =FEORY (LT U—Lrvafi) FHElk
(P1-P3) OERAEEM LT-, PI1-P3 L THF, Zuuak/LAh, LT ElZ2 T U0
ETHINHAAERRE L CRARIEMIEZ R T 2 ERHL N E 72572, PLLP2 B X
NP3 D TyslE, FNEH 460, 459, 479 °C TH Y, VU NI EIZT7 =2 = VA E AT
B2 AT LBV EMN N LT, SEERHEIC B W T CPDT #Fi8k 2 &m0 b L T
HIREEIZ, Y UNVEEBEAT DL LICED, BNBIOREFEEOREREY 7 MOE
TR SEARER (6) OB S 7z, BRIEE as) 8L OBKREALEE (em)
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3.4 ZEgIH

3.4.1 Materials

4,4-Dimethylcyclopenta[2,1-b:3,4-b ’]dithiophene (1) [36,37,66] was prepared by the
method reported in the literature. Tetrahydrofuran (THF), diethyl ether (Wako Pure
Chemical Industries, Ltd.) and benzene (KANTO KAGAKU) were used after distillation over
sodium. N,N,N’,N’-Tetramethylethylenediamine (TMEDA, Tokyo Kasei Kogyo Co., Inc.)
and N,N-dimethylformamide (DMF, Wako Pure Chemical Industries, Ltd.) were used after
distillation over calcium hydride. 1,1,3,3-Tetramethylguanidinium 2-ethylhexanoate was
obtained from the equimolar mixture of 1,1,3,3-tetramethylguanidine and 2-ethylhexanoic
acid (Tokyo Kasei Kogyo Co., Inc.) [19-22,27]. N-Bromosuccinimide (NBS), 2.6 mol/L
n-butyllithium in hexane (KANTO KAGAKU), chlorodimethylsilane (Tokyo Kasei Kogyo
Co., Inc.), chloromethylphenylsilane, chlorodiphenylsilane (Sigma-Aldrich, Inc.) and 5 %
palladium on charcoal (Wako Pure Chemical Industries, Ltd.) were commercially available
and used as received.

3.4.2 Measurements

'H and 3C NMR spectra were recorded on a Bruker AVANCE 400F spectrometer in
deuterated chloroform (CDCI3) or dimethylsulfoxide [(CD3).SO] at ambient temperature. IR
spectra were measured on a Perkin-Elmer Spectrum One FT-IR spectrometer. Glass
transition temperature (7y) and melting temperature (7m) were determined by differential
scanning calorimetry (DSC) on a RIGAKU ThermoPlus DSC 8230 at a heating rate of
10 °C/min under a nitrogen flow rate of 10 mL/min. Thermogravimetry analysis (TGA) was
performed on a RIGAKU ThermoPlus TG8110 at a heating rate of 10 °C/min under a nitrogen
atmosphere. ~Number-average (M,) and weight-average (Mw) molecular weights were
estimated by size-exclusion chromatography (SEC) on a SHOWA DENKO Shodex GPC-101
system with polystyrene gel columns (a pair of Shodex GPC LF-804), eluted with THF using
a calibration curve of polystyrene standards. Gas chromatography-mass spectroscopy
(GC/MS) was carried out using an Agilent 6890/5973 instrument. Absorption spectra were
measured on a Shimadzu UV-2450 spectrophotometer. Emission spectra were measured on
a Shimadzu RF-5300PC spectrophotometer by use of the solution degassed by argon bubbling
for 30 min. Fluorescence quantum yields (@r) was determined by use of pyrene (@r: 0.19)
[25] as a standard. The optimized geometrical structures and the energies for the highest
occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO)
were estimated by the density functional theory (DFT) calculations at B3LYP/6-31G(d) level
of theory using Spartan ’08 for Windows (Wavefunction, Inc., Irvine, CA, USA) [63].
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Synthesis of 2,6-dibromo-4,4-dimethylcyclopental2,1-b:3,4-b’]dithiophene (2)
S S._Br Under a dry argon atmosphere with shielding light,
\ /N 44-dimethyleyclopenta[2,1-b:3,4-b ]dithiophene (1) (0.200 g, 0.97
., mmol) and NBS (0.345 g, 1.94 mmol) in 7 mL of DMF was stirred at
ambient temperature for 1 h. The reaction mixture was poured into 10 mL of saturated

Br

sodium thiosulfate aqueous solution, and the crude product was extracted with hexane. The
combined organic layers were washed with saturated sodium chloride aqueous solution
several times, dried over anhydrous sodium sulfate and filtered. The filtrate was
concentrated under reduced pressure and purified by silica gel chromatography with hexane
eluent. The collected fraction with Rf value of 0.57 was concentrated under reduced
pressure and the residue was recrystallized from hexane to afford 2 as colorless crystals with
the yield of 97 % (0.343 g, 0.94 mmol).

'"H NMR (CDCls, 400 MHz, §): 6.99 (s, 2H, thienyl protons), 1.40 (s, 6H, -CH3). *C
NMR (CDCIl3, 100 MHz, 6): 158.3 (thienyl carbon), 135.1 (thienyl carbon), 124.0 (thienyl
carbon), 111.4 (thienyl carbon), 46.4 [>C(CHs)2], 24.8 [>C(CH3)2]. M.p.: 106 °C.

Synthesis  of  2,6-bis(diphenylsilyl)-4,4-dimethylcyclopental2,1-b:3,4-b’]-
dithiophene (5)

hexane (2.5 mL, 6.59 mmol) with TMEDA (0.767 g, 6.59 mmol)
was added dropwise to 2 (0.600 g, 1.65 mmol) in dry diethyl

H—Si_-S S\_-si
| \ N\ | ether (50 mL) at —78 °C. The mixture was stirred for 30 min,
@ @ and warmed to ambient temperature. After the mixture was

stirred for 1 h, chlorodiphenylsilane (1.44 g, 6.59 mmol) was

© Under a dry argon atmosphere, 2.6 mol/L n-butyllithium in
Si—H

added to this solution at ambient temperature. The reaction mixture was stirred for 24 h and
poured into 50 mL of water with stirring. The crude product was extracted with ethyl acetate.
The combined organic layer was washed with water several times, dried over anhydrous
sodium sulfate and filtered. The filtrate was concentrated under reduced pressure and
purified by silica gel chromatography using the mixed solvent of hexane and chloroform (4/1
v/v) as eluent. The collected fraction with Rr value of 0.60 was concentrated under reduced
pressure and the residue was recrystallized from a mixed solvent of chloroform/methanol to
afford 5 as colorless crystals with the yield of 48 % (0.450 g, 0.79 mmol).

"H NMR (DMSO-ds, 400 MHz, §): 7.61 (m, 8H, aromatic protons), 7.46 (m, 14H, aromatic
protons), 5.50 [s, 2H, —Si(Ph)>—H] 1.40 (s, 6H, -CH3). '*C NMR (DMSO-ds, 100 MHz, §):
164.4 (thienyl carbon), 141.9 (thienyl carbon), 135.3 (phenyl carbon), 132.7 (thienyl carbon),
132.6 (phenyl carbon), 131.8 (thienyl carbon), 130.6 (phenyl carbon), 128.6 (phenyl carbon),
443 [>C(CH3)2], 24.9 [>C(CHs)2]. IR (KBr, cm™): 2132 (Si-H). Mass (EI, m/z): 570
(M"). M.p.: 105 °C.

_36-



Spectral data for 3 and 4
2,6-Bis(dimethylsilyl)-4,4-dimethylcyclopenta[2,1-b:3,4-b"|dithiophene 3) and
2,6-bis(methylphenylsilyl)-4,4-dimethylcyclopenta[2,1-b:3,4-b"]dithiophene 4) were
prepared by the similar method as the preparation of 5 using chlorodimethylsilane and
chloromethylphenylsilane as the raw material, respectively. The spectral data for 3 and 4 are
as shown below.
3 was obtained as colorless liquid with the yield of 86 %.
Sli_H '"H NMR (DMSO-ds, 400 MHz, §): 7.38 (s, 2H, thienyl
protons), 4.50 [m, 2H, —Si(CH3)>—H], 1.41 [s, 6H, >C(CHs)2],
0.38 [s, 12H, —Si(CH;)-H]. '*C NMR (DMSO-ds, 100 MHz,
0): 163.6 (thienyl carbon), 140.1 (thienyl carbon), 136.4 (thienyl carbon), 129.5 (thienyl
carbon), 43.7 [>C(CHs)2], 24.8 [>C(CH3)2], -3.1 [-Si(CH3)>-H]. IR (KBr, cm): 2134
(Si-H). Mass (EL m/z): 322 (M").

4 was obtained as colorless crystals with the yield of 58 %.
'"H NMR (DMSO-ds, 400 MHz, 8): 7.60 (m, 4H, phenyl

©\ / “\ /© protons), 7.43 (m, 8H, aromatic protons), 4.98 [m, 2H,

—Si(CH3)(Ph)-H], 140 [s, 6H, >C(CHz3)], 0.42 [s, 6H,
—Si(CH3)(Ph)-H]. 3C NMR (DMSO-ds, 100 MHz, §): 163.6 (thienyl carbon), 140.1
(thienyl carbon), 136.4 (thienyl carbon), 129.5 (thienyl carbon), 43.7 [>C(CHz):], 24.8

[>C(CHs)2], =3.1 [-Si(CH3)>-H]. IR (KBr, cm™): 2134 (Si-H). Mass (EI, m/z): 446 (M").
M.p.: 62 °C.

| |
H—si_-S S<_Si—H

Synthesis of 2,6-bis(diphenylhydroxysilyl)-4,4-dimethylcyclopenta-
[2,1-b:3,4-b’[dithiophene (M3)

Under a dry argon atmosphere, 5 (0.55 g, 0.94 mmol) in dry

THF (6.5 mL) was added dropwise to 5 %-Pd on C (5.0 mg)

s s with H2O (51 mg, 2.83 mmol) in THF (2.2 mL) at room

N/ \ temperature. The reaction mixture was stirred for 14 h and
o filtered. The filtrate was concentrated under reduced pressure
’ and the residue was recrystallized from a mixed solvent of

benzene/hexane to afford M3 as colorless crystals with the yield of 82 % (0.47 g, 0.77 mmol).

"H NMR (DMSO-ds, 400 MHz, §): 7.61 (m, 8H, aromatic protons), 7.42 (m, 14H, aromatic
protons), 7.31 [s, 2H, —Si(Ph),—~OH], 1.39 (s, 6H, —CH;). '3C NMR (DMSO-ds, 100 MHz,
0): 163.9 (thienyl carbon), 141.2 (thienyl carbon), 137.9 (phenyl carbon),136.4 (thienyl
carbon),134.5 (phenyl carbon), 130.5 (thienyl carbon), 130.2 (phenyl carbon), 128.1 (phenyl
carbon), 44.1 [>C(CH3)2], 25.1 [>C(CH3)2]. IR (KBr, cm™): 3293 (-OH). Mass (EI, m/z):
602 (M"). M.p.: 178 °C.
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Spectral data for M1 and M2

2,6-Bis(dimethylhydroxysilyl)-4,4-dimethylcyclopenta[2,1-b:3,4-b "]dithiophene (M1) and
2,6-bis(methylphenylhydroxysilyl)-4,4-dimethylcyclopenta[2,1-b:3,4-b "|dithiophene ~ (M2)
were prepared by the similar method as the preparation of M3 using 3 and 4 as the raw
material, respectively. The spectral data for M1 and M2 are as shown below.

| | M1 was obtained as colorless solids with the yield of 71 %.

o= \S ) \S J-$7O" 'H NMR (DMSO-ds, 400 MHz, 8): 7.30 (s, 2H, thicnyl
protons), 6.12 [s, 2H, —Si(CHs)»—OH], 1.41 [s, 6H, >C(CHs)a],
0.31 [s, 12H, ~Si(CH3)»-OH]. 3C NMR (DMSO-ds, 100

MHz, §): 163.6 (thienyl carbon), 141.4 (thienyl carbon), 139.4 (thienyl carbon), 128.4 (thienyl
carbon), 43.9 [>C(CHs).], 25.2 [>C(CH3)2], 1.6 [-Si(CH3),-OH]. IR (KBr, cm): 3170
(—~OH). Mass (EL, m/z): 354 (M"). M.p.: >106 °C (polymerization).

R S | M2 was obtained as colorless solids with the yield of 76 %.

S ™" 'H NMR (DMSO-de, 400 MHz, 8): 7.62 (m, 4H, phenyl

©% protons), 7.39 (m, 6H, phenyl protons), 7.31 (s, 2H, thienyl

“ protons), 6.75 [s, 2H, —-Si(CH3)(Ph)-OH], 1.39 [s, 6H,

>C(CH3)2], 0.57 [s, 6H, —Si(CH3)(Ph)-OH]. '*C NMR (DMSO-ds, 100 MHz, §): 163.7

(thienyl carbon),140.5 (thienyl carbon),139.8 (phenyl carbon),138.3(thienyl carbon), 133.7

(phenyl carbon), 129.8 (thienyl carbon), 129.3 (phenyl carbon), 128.0 (phenyl carbon), 44.0

[>C(CH3)2], 25.1 [>C(CH3)2], 0.3 [-Si(CH3)(Ph)-OH]. IR (KBr, cm): 3293 (-OH).
Mass (EI, m/z): 478 (M"). M.p.: >115 °C (polymerization).

Synthesis of P3
~ 7 Under a dry atmosphere,
@ © 1,1,3,3-tetramethylguanidinium 2-ethylhexanoate (0.02 g)
Lol was added to M3 (0.27 g, 0.45 mmol) dissolved in

Mo \S / \S / | benzene (15.5 mL), and the reaction mixture was refluxed
W@ for 12 h. The reaction mixture was poured into acetone
L “ A7 (100 mL) to isolate P3 as white precipitates with the yield

0f 30 % (0.08 g).

'"H NMR (CDCl;, 400 MHz, §): 7.56 (m, 8H, phenyl protons), 7.30 (m, 12H, phenyl
protons), 6.91 (s, 2H, thienyl protons), 1.20 (s, 6H, -CH3). '*C NMR (CDCls, 100 MHz, 3):
164.2 (thienyl carbon), 143.3 (thienyl carbon), 136.8 (phenyl carbon), 135.8 (thienyl carbon),
135.6 (phenyl carbon), 131.4 (thienyl carbon), 130.7 (phenyl carbon), 128.3 (phenyl carbon),

44.6 [>C(CHa),], 25.7 [>C(CHs)]. IR (KBr, em™): 1067 (Si-O-Si).
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Spectral data for PI1 and P2
Poly(tetramethyl-4,4-dimethyl-2,6-silcyclopentadithiophenylenesiloxane) (P1) and
poly(dimethyldiphenyl-4,4-dimethyl-2,6-silcyclopentadithiophenylenesiloxane) (P2) were
prepared by the similar method as the preparation of P3 using M1 and M2 as a monomer,
respectively. The spectral data for P1 and P2 are as shown below.
P1 was obtained as colorless powder with the yield of

HO Sli 5 s Sli—O y o 40%.
N /7 N\ /| '"H NMR (CDCl;, 400 MHz, &): 7.08 (s, 2H, thienyl
protons), 1.45 [s, 6H, >C(CHx)2], 0.39 [s, 12H, —Si(CHz)>—].
" BBC NMR (CDCl;, 100 MHz, 8): 163.3 (thienyl carbon),

141.2 (thienyl carbon), 140.2 (thienyl carbon), 127.6 (thienyl carbon), 44.0 [>C(CHz3).], 25.3
[>C(CH3)2], 1.7 [-Si(CH3)>-]. IR (KBr, cm™): 1054 (Si—O-Si).

P2 was obtained as colorless powder with the yield of
69 %.

HO El‘,i S S S|i—O H
\ /% S\ / '"H NMR (CDCls, 400 MHz, §): 7.60 (m, 4H, phenyl
f@ . @ protons), 7.34 (m, 6H, phenyl protons), 7.01 (s, 2H,
" thienyl protons), 1.33 [s, 6H, >C(CHz)2], 0.56 [s, 6H,
—Si(CH;)(Ph)-]. '3C NMR (CDCls, 100 MHz, §): 163.5 (thienyl carbon), 141.9 (thienyl
carbon), 138.2 (phenyl carbon), 137.1(thienyl carbon), 133.9 (phenyl carbon), 129.9 (thienyl

carbon), 129.1 (phenyl carbon), 127.8 (phenyl carbon), 44.0 [>C(CHz3):], 25.2 [>C(CH3)2], 0.5
[-Si(CH3)(Ph) —]. IR (KBr, cm™): 1053 (Si—O-Si).
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Fig. 4-1. Structure of poly(tetramethyl-9,9-diphenyl-2,7-silfluorenylenesiloxane) (Pa).

-1

— 5T, MORAFEHEHEERLZELS L THOLNLLIER Y ~—[46,47]1%, Fik, (K
A N, AEHEEB N OBEBZNTFT N ADTZD OB E LTHERE I TWVW D,
Fig. 2-1 TRLIEZVF /) FAT7 = VFERBINDO L SR EF 57 = VidERE G T
FHT7 2 HRY) v —RA ) I —THEERIEL T X (OFET) 128\ T
BhRAY I BT 2 R 97[53,54], & BT, RY ZAF VLV ATAMBIEE A F—F
(OLED) 72 EFDOBEABLIUOEEFTRICBIT 2 HBICHE L T D INER R LR Y
~—"Td DH[48-50], — /T, ¥/ uH[21-b:34-b’]YF 47 = (CPDT) [33,34]
%, VAL OB EY THY, TALFLUERTOR P U BEF AT o B
B ST ET A7 = VHARRBERTH S, CPDT iFERITAMICEET A A
DBRFE DT DR Y ~ — 5B O RIE 72 FIBRIK[35-39] Td 5 23, CPDT & (kis
L OVCPDT RX— R D4R U ~—[40,67)|DEFFEICBE T DM E 13D 7, £72, 4,4-
P AF IV CPDT B D 2B L N6 (LI Y A F v U VL2 A U= iF 8 0 45
PEOTNIEHE =35 Tk 7228, 44-2 AF )L CPDT BAEOENEFINKREZLETH720
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2, PATFAVIAEOENIIIZEGNTIER)»>72, £ 2T, CPDT B#D A
ErkFE @A) FOBEHREHNRICER L, DFY, CPDT BHO A 1 RH LI
Tz oV EOEEWEREAEAT D I LIC LD, EEFHER Ol X OOk
BIROm Eae R L=,

UbDERIZEY, 44-7 ==L CPDT BREZATHRY (FFIFAFALIALT
U—Lrvuaxty) FHEER (P4) OEKESLNFHEROBWIM I OV FRE
IZ DWW T3 (Scheme 4-1),

1,1,3,3-tetramethylguanidinium HO -
2-ethylhexanoate

Cyclopentyl methyl ether
reflux, 12 h

M4 P4
Scheme 4-1.  Polycondensation of CPDT derivatives having dimethylhydroxysilyl

substituents.
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42 FEREEE

4.2.1 F/~v— R ~v—DEsE

Scheme 4-2 (2T /) —)VE /) ~— [26-BA (UAF /e Fax v U)) -44-
7z a X E T AT 2 (M4A)] OE R &R,

Br S

o
w

/ NBS / CHCl,, AcOH | V4 | Zn, HCI / EtOH, AcCH | a y
W, | - / - Ly
S reflux, 6 h s ar reflux, 11 h
Br Br
6 7 8
5
[ ]
0 n-Bulli, ! Et,0 / 5
78°C.2h OH SnCl, / CHCI,
ii) Benzophenone / Et,0O O ri. 30 min
78°C~rt, 9h Q
9 10

iy n-Buli, TMEDA / THF

NBS / CHCl; 78°C, 1h

e e B

-30°C,3h

i) HSI(CH3),Cl
78°C~rt.24h

11 12

5% Pd-C, H O/ THF

rt.19h

M4
Scheme 4-2.  Synthetic pathways for CPDT derivatives having dimethylhydroxysilyl
substituents.

£, BEH[68IZIEVY, 2,2-EF AT = (6) Hk Lz, KIZ, /o6 DR
FOE N-7aEA7 A4 K (NBS) ZHWTITH) Z Lickv 355-F) 7
E22-EF ATy () 2B, E5IT, Boiv 7 EHEE R E W @IS
MEFE AT LIk, 3-7uE220-EF 47 (8) #1587, 8 & n-TFL
VF T LZ2 W) FHOERSH, X T ) v ERINSELZ LIk, 22-(F
FF T 2= )3 A)V) T 2= RAE ) —)L (9) BEKL, D%, NE{LA X%
ANWT 44-CT7 x= a0 20F 4720 (10) ZEK Lz, BHhiz 10 ©
BEMNMIGEZ 7 aakLsd, NBSZHAWTITHY Z &Ik, 2,6- 7 0E44-07
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oA uaRXE T T 2 (1) B, RIS, 11 & n-T7F ) FULE AN
72V TFHbRts, 7 AFAT T RIS EH T LI, 26-BER (A
TN IIN) B4 T 2= Ia X T AT 2 (12) B&T, D%, %
RT DTN —R o Zfht & Uiz 12 OIAS RS LY, M4 28R LTz,
BFoHNz M4 OEMEAN)GE 1,1,33-T N7 AF VT T =V =0 A2-TF )L~F
J A NEMEE U THWTITY 28k Y, P4 247~ (Scheme 3-1), A&EMFE T
TR OB, NPy, bR Eo® ) v =G 0N TR ) ~— D0 T & i
S, KELWREMEKT DIEEEMHT 5 Z L3 TE 5[19-22,25,26,59], L
LRSS, Md OEFMEICBWTIE, 77X F L AF)Lo—7 )L LT M4 B
L O P4 BEIFREIRVE R T T2, 7 aXyF LA F L o—TF L ERE L U CH
WAHZETEDTEORY v—0NE6NT-, M4 DENEEOFEE% Table 4-1 (2~ 7,

Table 4-1. Results of polycondensation and thermal properties of P4.
Polymer  Yield (%)? M,° My | My? Ty (°C)° Tm (°C)! T4s (°C)°
P4 62 18000 1.41 109 —f 454

Insoluble part in methanol.

Estimated from SEC eluted with THF based on polystyrene standards.

Glass transition temperature determined by DSC at a heating rate of 10 °C/min under a
nitrogen atmosphere.

Melting temperature determined by DSC at a heating rate of 10 °C/min under a nitrogen
atmosphere.

Temperature at 5% weight loss determined by TG at a heating rate of 10 °C/min under a
nitrogen atmosphere.

f Not observed from —50 °C to 400 °C.

P4 X, THF, 7 ook b, M2l 300 LT HAKREEICR L TR
IR 2 R 9 2 E D B Te o Tz, P4 ORI SEC HIE R L TN NMR 430Gk
IZ L VHEFR L7-, P4 D SEC DOfEH (Fig. S2-4, P97) LV, HoNizAR Y <~ —|LHilg
PEZR LT 2 &, R BRI =8 EOES T RBENIZITREICA L
— VR TCOHIREIC L > THRESNTWDL Z ERHLNE o7z, M4 EP4AD 'HE
L OV BCNMR % Z#E 740 Fig. 4-2 & Fig. 4-3 12”7,
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Fig. 4-2. (a) 'H NMR (solvent: DMSO-ds, 400 MHz) and (b) *C NMR spectra (solvent:
DMSO-ds, 100 MHz) of M4 at ambient temperature.

(a) (b) I a
' ' HOtSi S~ €SB dolu
‘ a f I /!
_ ;= b 3
‘ HO s|. s S 5:1—0 H i 9",
bedietal APg ¥
121 | %, -E !
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cHal, ' o f
| | 31
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. Ll e oo
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Fig. 4-3. (a) '"H NMR (solvent: CDCl3, 400 MHz) and (b) '*C NMR spectra (solvent: CDCls,
100 MHz) of P4 at ambient temperature.

P4 D 'HEBLOBCNMR %, M4 ® 'HNMR IZBWCEBHIENS L H72E Faxy
FITERT D 6.16 ppm D 7 F /L DIEKZFRNT, M4 & IZIEFREETH -7, Fig. 4-3
IR T 918, THNMR O 7L, FESEERE LTV BCNMR O v 7 /158 P4 O
IR L TRMBCTED I END, P4 OMELZHER LTz, ZNHOFRLY, RIFIGIE
FEEATICHETL TV 2D EEZ 55,
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4.2.2 Y ~—DBHE

P4 D T, % DSCHIEIZ L VIRELT-, P4 DI Kb —F ¢ > 7D DSC #ifi %
Fig. 4-4 |Z/R 7,

2nd heating scan

a

<«— Endotherm

| T4:109°C

I I I I I
60 80 100 120 140 160
Temperature (°C)

Fig. 4-4. DSC thermograms of P4 on a second heating scans under a N> flow rate of 10

mL/min and a cooling or heating rate of 10 °C/min.

Fig. 4-4 7705, P4 D TglX 109°C LRE STz, £72, P4 D DSC JEIZIHWT, fl
O (Tw) BRI SN2 o7z, ZOZENL, D (T RIFZAFALVAT Y —L v
734 ) §5E(R[19,20,22,59] IZBWTHEHIS N L 912, PAIIIERMEDORY ~—
ThAHZENTRBREINT, F77, 99-V 7 =LV ILF LU BKEETARY (5
FAFNAI ATV —Lraxiy) (Pa) (P4 EEHET OMELRD, 7412
DINLE L NCPDT D 4NLIT A B r % FIC[E CE# L% 43 5, Pad Ty1d 125 °C[59]
THY P4D Ty (109°C) LDOREmNZ ERRESINTND, X5, Paldfbifb
B (Te : 194 °C) BL O Tm (276 °C) BEHISNTWD, LoL7enb, P4 T,
B ThZRERNZENLEHITT LA L ERRONRIVIZ CPDT BA& 28 AT
HZEICLY, AU v—8HORMLBEM AT RN ST, — 5T,
P4 D Tys 1T TGAHIEIZ L VIREL, 454°C TH Y Pa D Tys (539°C) LD IEMN-T=,
ZOFERIE, P4 TR T, 2 BT 5728, EHOSTEESENEIM L Z &2
FINTHDHIDIEEEZ NS,
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4.2.3 EEFFME
Fig. 4-5 12 CPDT #HE(R DRI L OVESE AR bV EIRT,

0.06 300
(a) — P1 (b) — P1
J— 7' — M1
0.05 ~250 m
—7 —_7 3
— 5 — 5 73
o 0.04 200 &.
8 s
& ol
£ 003 -150 =
2 5
3 2.
< 0.02 100 <
o
0.01 50 £
0 T T T T T T T T -0
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Fig. 4-5. Absorption (a) and fluorescence (b) spectra of CPDT derivatives in CHCls at
ambient temperature (conc.: 2.0x10°mol / L, Aex: 317 nm).

Table 4-2 1% CPDT #5EARDYE2M% £ LD ToRd, CPDT ‘BT U LA E A
THZLITLY, CPDT FHEARDOWIN AR MUZHRBWT, UKL FRER O
o*-m* BRI L VRN AT FLOREREY 7 FB LB ARIARE () OHEMIME
R &7, [2526,55-57,59,61], WU AT MAOERET 7 MY, o*-n*dZic L b
RIRZEHLE (LUMO) OLEERIZE Y, mEmekb#iE (HOMO) & LUMO D=
FINX =Xy v TNERTFTTHZEICL-THEINDZENMOENTWS, Fi2, £
VIR AR OHEINE HOMO IZ25 1) D o-ndifk 38 KON LUMO 1281 Do*-n* iz L 0
HOMO 3 X TV LUMO DM H+E— A > O LY, EBET—A 2 MK L,
FENRNARBOEMMBPFHE S N=b D LB 2 HiDH[25,26,55-57,59,61],
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Table 4-2.  Optical properties of CPDT derivatives.

Compound Aabs / nm (¢ / L mol! cm™) Aem / M D
10 323 (12700) 332 (10500) 373 0.03

12 340 (23700) 351 (19400) 387 0.41

M1 338 (21000) 351 (17900) 385 0.36

P4 340 (22200) 352 (19200) 387 0.39

1 319 (15000) 329 (11800) 378 0.01

3¢ 336 (24500) 348 (19200) 382 0.09
M1 335 (24300) 346 (19200) 381 0.09
P1° 336 (23700) 348 (19200) 381 0.09

standard in CHCl;.

4,4-Dimethylcyclopentadithiophene (as shown in Fig. 3-6) [67].

Fluorescence quantum yield (@r) was determined by using pyrene (Pr: 0.19) [61] as a

¢ 2,6-Bis(dimethylsilyl)-4,4-dimethylcyclopentadithiophene (as shown in Fig. 4-6) [67].

[67].

[67].

2,6-Bis(dimethylhydroxysilyl)-4,4-dimethylcyclopentadithiophene (as shown in Fig. 4-6)

4,4-DimethylCPDT based poly(tetramethylsilarylenesiloxane) (as shown in Fig. 4-6)

— 5T, WINARY MZBIT BTV AF I UIVEEOEANDB R A MRS D190,
# FEPLES%LIE (density functional theory, DFT) % T, FJEESEIZ1E B3LYP/6-31G(d)
% ¥ L 7= Spartan’08 T 5 3 X O M4 ® HOMO £ L (X LUMO @ 3 /L ¥ —HELL D F
B A 1T > 72[63], Table 4-3 |X HOMO £ L () LUMO =T /L —¥EAL 72 5 ONZ LUMO &
HOMO DO XN F—F v v 72 F L O TRT, 5 (—1.15 eV) & M4 (147 eV)

@® LUMO O R )L —UEAT DIEVVE, o*-n*dE&iz L A LUMO OZZELN Y X F L

VINFKEOEANIL - THFEINTZZ EERT, LIRS T, VATV U LIDE
AIZX Y, LUMO & HOMO OO RV F—X ¥ v FHRED L, MAKRINEEOE

KEYZ7 MRS D EEZLND,

Table 4-3. Results of DFT calculation for CPDT derivatives.

Compound LUMO / eV? HOMO / eV? LUMO-HOMO gap / eV
5 -1.15 -5.25 4.10
M1 —1.47 -5.36 3.89

4 Calculated with density-functional theory (DFT) method at the B3LYP/6-31G(d) level.
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CPDT FHEAR DRI R em) & HIEE UL (Pr) % Table 4-2 [Z773, CPDT
FERDOH N AT R IZEBWT, CPDT BRICY U VEEZE AT L Z L2k - T,
EHWEORREY 7 PRS-,

@r L CPDT HHGIC VAT NV Y NVEEEZEANTH T LI LD m L7, BEH CPDT
(10) & AF L UL CPDT (12, M4, P4) O dplE, TN L10.03,0.41,0.36 B X
N039 THV,44-7 ==L CPDT BRICIAF AL LVEEZEATLZ LITLD,
KEEIZ e 3\ E LT~ —F, 99- 7 ==L T7LF Lo BREATHRY (FFF A
FANT V=L raxtr) (Pa) @ drif 0.19 THY, P4 LV /NEV @ aoR
TZERRESIN TS, ZDOZ LiE, CPDT BEEHEHATLIZLICLD, R ~—
DEENHIFI SN2 2T b0 EEZLND, T70bb, FHHIZ CPDT B % &
ATHZEIZLY, R ~—HOFBLEMME T2 2 L1280, BEERERERO
fild L OFERE DM ERBH S NT-b D EE X HND,

—J57C, Table4-2 2734 X 912, 44-27 = =)L CPDT &L (10,12, M4, P4) O
&rl 4,4-2 A F )L CPDT #FEik (1,3, M1,P1) O or LV EWZ ENRHABLMNE ST
[67]c £72, PAF AL UNIEH T 44-2 A F )L CPDT iFEiED & & i+ 5 &
CAFNVYNEEET S 44-27 = =)L CPDT 8 KITH 4 fEDEE R LT-, A
nRFEEDOEENWS T == VHIC kY, 44-27 = =)L CPDT ‘B O AAER & 451
EENIH S, TORE, EEHERNIE SN EICLY, o REINT
HLDOLEEZBIND,

s S H—Sli s s Sli—H HO—Sli s s Sii—OH HO s|i S 8 slifo H
i\ /% S\ /; I 4 /% g\ VR I X /% S\ VN I /% g\ /} |
1 3 M1

P1
Fig. 4-6. Structure of  4,4-dimethylcyclopentadithiophene  derivatives. 1,
4,4-dimethylCPDT; 3, 2,6-bis(dimethylsilyl)-4,4-dimethylcyclopentadithiophene; M1,
2,6-bis(dimethylhydroxysilyl)-4,4-dimethylcyclopentadithiophene; P1, 4,4-dimethylCPDT
based poly(tetramethylsilarylenesiloxane).
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4.3 iFam

ARETHE, V7=V CPDT B#¥EZHTLHRY (T hIFAFALVAT -
X)) HEK (P4) OEREEMR LI, P4 1L THF, ZanakyLLh, hLzomd
LU & T HIHAREEIC K U CRARIEEIEZ T Z E DA LN E 72572, P4
D TeBEO Tus 1TZNZI 109 °C B L1454 °C Th o7, —J7, HFEFHEICBNT
X, V7 2=V CPDTICVATF NI NEEGATHZ LIZLD, BRI XTI
FEOREREY 7 MOBAMEREL (o) OB Sz, MRRNERE Q)
KT OMBRBEAFERE Oem) OEFRE T 7 FDco*-n* &I LD LUMO OZENIZ L - T
BEINT-EBEZOND, BT, VAFNATYNEEBEATHZ LIZLY, #tE
TR (Pp) B ETDHZERHALNE ol T2, DVATFAVINEEZETS
44-F AF )V CPDT FHEARD Op LT H L VATV U NVEEET 5 44-V 7 = =
JL CPDT FHEMRITL 4 (DR R LT, APRRBZELOEEN 7= LI LY,
4,4-7 = =)L CPDT ‘¥ O ANER & 43 FEE G S 4, EOREE, BiEHER
DIFH SN2 LIk, o NEESNEZDLDOLEEZOND, KETEHELNTZAE
I%, CPDT B#D 4MIEASNTcmmW T ==k 2B L6 fAIEAI L
DAFNT Y NI E DBFEIIFIZ LD BAFER R LT 52 LA LN LIEH D
Thd,
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4.4 EgE

4.4.1 Materials

2,2’-Bithiophene (6) was prepared by the method reported in the literature [68].
N-Bromosuccinimide (NBS), acetic acid, zinc, hydrochloric acid, tin(IV) chloride anhydrous
(SnCly4), 1.6 mol/L n-butyllithium in hexane, 2.6 mol/L n-butyllithium in hexane (KANTO
KAGAKU), benzophenone (nacalai tesque, inc.), chlorodimethylsilane (Tokyo Kasei Kogyo
Co., Inc.) and 5% palladium on charcoal (Wako Pure Chemical Industries, Ltd.) were
commercially available and used as received. Tetrahydrofuran (THF), diethyl ether (Wako
Pure Chemical Industries, Ltd.) and cyclopentyl methyl ether (ZEON corporation) were used
after distillation over sodium. N,N,N’,N’-Tetramethylethylenediamine (TMEDA, Tokyo
Kasei Kogyo Co., Inc.) and chloroform were used after distillation over calcium hydride.
1,1,3,3-Tetramethylguanidinium 2-ethylhexanoate was obtained from the equimolar mixture
of 1,1,3,3-tetramethylguanidine and 2-ethylhexanoic acid (Tokyo Kasei Kogyo Co., Inc.)
[19-22,25,26,59].

4.4.2 Measurements

'H and >C NMR spectra were recorded on a Bruker AVANCE 400F spectrometer in
deuterated chloroform (CDCI3) or dimethylsulfoxide [(CD3)2SO] at ambient temperature. IR
spectra were measured on a Perkin-Elmer Spectrum One FT-IR spectrometer. Glass
transition temperature (7y) and melting temperature (7m) were determined by differential
scanning calorimetry (DSC) on a RIGAKU ThermoPlus DSC 8230 at a heating rate of 10
°C/min under a nitrogen flow rate of 10 mL/min. Thermogravimetry analysis (TGA) was
performed on a RIGAKU ThermoPlus TG8110 at a heating rate of 10 °C/min under a nitrogen
atmosphere. ~ Number-average (M,) and weight-average (Myw) molecular weights were
estimated by size-exclusion chromatography (SEC) on an SHOWA DENKO Shodex
GPC-101 system with polystyrene gel columns (a pair of Shodex GPC LF-804), eluted with
THF using a calibration curve of polystyrene standards. Gas chromatography mass
spectroscopy (GC/MS) was carried out using an Agilent 6890/5973 instrument. Absorption
spectra were measured on a Shimadzu UV-2450 spectrophotometer. Emission spectra were
measured on a Shimadzu RF-5300PC spectrophotometer by use of the solution degassed by
argon bubbling for 30 min. Fluorescence quantum yield (@r) was determined by use of
pyrene (@r: 0.19) [59] as a standard. The optimized geometrical structures and the energies
for the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO) were estimated by the density functional theory (DFT) calculations at
B3LYP/6-31G(d) level of theory using Spartan 08 for Windows (Wavefunction, Inc., Irvine,
CA, USA) [63].
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Synthesis of 3,5,5 -tribromo-2,2’-bithiophene (7)

2,2’-Bithiophene (6) (7.07 g, 0.0425 mol) and N-bromosuccinimide
74 | (22.7 g, 0.128 mol) were dissolved in chloroform/acetic acid (160 mL,
87 gy 3:2,v/v). The reaction mixture was refluxed for 6 h under a dry argon

Br s
|/
Br atmosphere. Then, the reaction mixture was poured into the stirred
mixture of chloroform (100mL) and water (100mL). The organic layer was separated and
dried over anhydrous magnesium sulfate and filtered. The filtrate was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography eluted with
hexane. The fraction with an Ry value of 0.70 was collected and concentrated under reduced
pressure. The residue was recrystallized from the mixed solvent of chloroform and methanol
to afford 7 as pale yellow plates with the yield of 89 % (15.3 g, 0.0380 mol).

'"H NMR (CDCls, 400 MHz, §): 7.05 (d, J = 3.9 Hz, 1H, thienyl proton), 7.01 (d, J = 3.9 Hz,
1H, thienyl proton), 6.89 (s, 1H, thienyl proton). C NMR (CDCls;, 100 MHz, §): 133.7
(thienyl carbon), 132.7 (thienyl carbon), 132.1 (thienyl carbon), 129.0 (thienyl carbon), 126.0
(thienyl carbon), 112.7 (thienyl carbon), 110.5 (thienyl carbon), 106.3 (thienyl carbon).
Mass (EI, m/z): 404 (M"). M.p.: 80-82 °C.

Synthesis of 3-bromo-2,2°-bithiophene (8)

S Vi Zn powder (10.8 g, 0.164 mol) was added in portions to a vigorously stirred

W refluxing mixture of 7 (22.1 g, 0.0548 mol) in 140 mL of ethanol containing

Br 13 mL of water, 34 mL of acetic acid, and 3 mL of 3 mol/L HCI under a dry
argon atmosphere. After refluxing for 11 h, the mixture was extracted with hexane and the
combined organic layer was washed with saturated sodium hydrogen carbonate aqueous
solution. The organic layer was dried over anhydrous magnesium sulfate and filtered. The
filtrate was concentrated under reduced pressure. The residue was purified by silica gel
column chromatography eluted with hexane. The fraction with an Rf value of 0.50 was
collected and concentrated under reduced pressure to afford 8 as pale yellow liquid with the
yield of 94 % (12.6 g, 0.0515 mol).

'"H NMR (CDCls, 400 MHz, §): 7.35 (m, 2H, thienyl protons), 7.19 (d, J = 5.4 Hz, 1H,
thienyl proton), 7.08 (m, 1H, thienyl proton), 7.02 (d, J = 5.4 Hz, 1H, thienyl proton). '*C
NMR (CDCIl3, 100 MHz, 6): 134.3 (thienyl carbon), 131.8 (thienyl carbon), 127.2 (thienyl
carbon), 126.7 (thienyl carbon), 126.1 (thienyl carbon), 124.4 (thienyl carbon), 124.3 (thienyl
carbon), 107.9 (thienyl carbon). Mass (EL, m/z): 246 (M").

Synthesis of 2,2'-(bithiophenyl-3-yl)-diphenylmethanol (9)
S Vi Under a dry argon atmosphere, 1.6 mol/L n-butyllithium in hexane (17
| / s | mL, 0.0272 mol) was added dropwise to 8 (6.67 g, 0.0272 mol) in dry
OH diethyl ether (220 mL) at —78 °C. The mixture was stirred for 2 h, then,
O benzophenone (3.72 g, 0.0204 mol) in dry diethyl ether (80 mL) was
O added to this solution at —78 °C, and warmed to ambient temperature.
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The reaction mixture was stirred for 9 h at ambient temperature and poured into 150 mL of
ammonium chloride aqueous solution with stirring. The crude product was extracted with
ethyl acetate. The combined organic layer was washed with water several times, dried over
anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure
and purified by silica gel column chromatography using the mixed solvent of hexane and
ethyl acetate (8/1 v/v) as eluent. The collected fraction with an Ry value of 0.33 was
concentrated under reduced pressure and the residue was recrystallized from a mixed solvent
of hexane/ethyl acetate to afford 9 as black solid with the yield of 78 % (5.55 g, 0.0159 mol).

'"H NMR (CDCls, 400 MHz, §): 7.52—7.23 (m, 11H, thienyl protons and phenyl protons),
7.12 (d, J = 5.4 Hz, 1H, thienyl proton), 6.86 (m, 1H, thienyl proton), 6.65 (m, 1H, thienyl
proton), 6.37 (d, J = 5.4 Hz, 1H, thienyl proton), 3.40 (s, 1H, C-OH). '*C NMR (CDCls,
100 MHz, 3): 147.4 (phenyl carbon), 145.4 (thienyl carbon), 135.0 (thienyl carbon), 131.5
(thienyl carbon), 131.4(phenyl carbon), 128.7 (phenyl carbon), 128.0 (thienyl carbon), 127.6
(phenyl carbon), 127.5 (thienyl carbon), 127.4 (thienyl carbon), 127.3 (thienyl carbon), 123.6
(thienyl carbon), 80.6 (C-OH). IR (KBr, cm!): 3300 (-OH). Mass (EI, m/z): 348 (M").
M.p.: 121-123 °C.

Synthesis of 4,4-diphenylcyclopentadithiophene (10)
SnCls (0.493 g, 1.89 mmol) and 9 (0.599 g, 1.72 mmol) in 60 mL of
chloroform was stirred at ambient temperature for 30 min under a dry

argon atmosphere. The reaction mixture was poured into 30 mL of

saturated sodium hydrogen carbonate aqueous solution, and the crude
product was extracted with chloroform. The combined organic layer was
washed with saturated sodium hydrogen carbonate aqueous solution several times, dried over
anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure
and purified by silica gel column chromatography with hexane eluent. The collected
fraction with an Rr value of 0.20 was concentrated under reduced pressure and the residue was
recrystallized from methanol to afford 10 as colorless crystals with the yield of 73 % (0.413 g,
1.25 mmol).

'"H NMR (CDCl3, 400 MHz, §): 7.24-7.04 (m, 12H, thienyl protons and phenyl protons),
7.04 (d, J = 1.8 Hz, 2H, thienyl protons). '*C NMR (CDCls, 100 MHz, §): 157.1 (thienyl
carbon), 144.6 (thienyl carbon), 137.2 (phenyl carbon), 129.0 (phenyl carbon), 128.3 (thienyl
carbon), 127.5 (phenyl carbon), 126.2 (phenyl carbon), 124.1 (thienyl carbon), 62.7 [>C(Ph):].
Mass (EI, m/z): 330 (M"). M.p.: 158-160 °C.

Synthesis of 2,6-dibromo-4,4-diphenylcyclopentadithiophene (11)

Br N-Bromosuccinimide (0.634 g, 3.57 mmol) and 10 (0.589 g, 1.78
mmol) and in 30 mL of chloroform was stirred at —30 °C for 3 h under
a dry argon atmosphere. The reaction mixture was poured into 30

mL of saturated sodium thiosulfate aqueous solution, and the crude
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product was extracted with chloroform. The combined organic layer was washed with
saturated sodium chloride aqueous solution several times, dried over anhydrous sodium
sulfate and filtered. The filtrate was concentrated under reduced pressure and the residue
was recrystallized from methanol to afford 11 as yellow crystals with the yield of 84 % (0.730
g, 1.50 mmol).

'"H NMR (CDCls, 400 MHz, §): 7.28-7.24 (m, 6H, phenyl protons), 7.16 (m, 4H, phenyl
protons), 7.03 (s, 2H, thienyl protons). '*C NMR (CDCls;, 100 MHz, §): 155.1 (thienyl
carbon), 142.5 (thienyl carbon), 136.1 (phenyl carbon), 128.5 (phenyl carbon), 127.3 (thienyl
carbon), 127.1 (phenyl carbon), 126.0 (phenyl carbon), 112.1 (thienyl carbon), 63.3 [>C(Ph):].
Mass (EI, m/z): 488 (M"). M.p.: 289-291 °C.

Synthesis of 2,6-bis(dimethylsilyl)-4,4-diphenylcyclopentadithiophene (12)
Under a dry argon atmosphere, 2.6 mol/L n-butyllithium in
hexane (1.6 mL, 4.29 mmol) with TMEDA (0.498 g, 4.29 mmol)
was added dropwise to 11 (0.523 g, 1.07 mmol) in dry THF (44
mL) at —78 °C. After the mixture was stirred for 1 h,
chlorodimethylsilane (0.405 g, 4.29 mmol) was added to this
solution at —78 °C, and warmed to ambient temperature. The reaction mixture was stirred for

24 h and poured into 50 mL of water with stirring. The crude product was extracted with
ethyl acetate. The combined organic layer was washed with water several times, dried over
anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure
and purified by silica gel column chromatography using hexane as eluent. The collected
fraction with an R value of 0.40 was concentrated under reduced pressure and the residue was
recrystallized from methanol to afford 12 as colorless crystals with the yield of 67 % (0.318 g,
0.651 mmol).

'"H NMR (CDCls, 400 MHz, §): 7.45 (s, 2H, thienyl protons), 7.29-7.18 (m, 10H, phenyl
protons), 4.50 [m, 2H, —Si(CH3)2—H], 0.39 [s, 12H, —Si(CH3)2-]. '3C NMR (CDCls, 100
MHz, 6): 160.3 (thienyl carbon), 144.0 (thienyl carbon), 141.8 (phenyl carbon), 138.2 (phenyl
carbon), 132.8 (thienyl carbon), 129.0 (phenyl carbon), 127.9 (phenyl carbon), 127.3 (thienyl
carbon), 61.7 [>C(Ph)2], —2.5 [-Si(CH3)2-]. IR (KBr, cm™'): 2100 (-Si-H). Mass (EI,
m/z): 446 (M").  M.p.: 128-130 °C.

Synthesis of 2,6-bis(dimethylhydroxysilyl)-4,4-diphenylcyclopentha-

dithiophene (M4)

| To 5 %-Pd on C (3.0 mg) with H2O (30 mg, 1.68 mmol) in

Si=OH  THF (3.0 mL), was added dropwise 12 (0.25 g, 0.560 mmol)
in dry THF (5.0 mL) at room temperature under a dry argon
atmosphere. The reaction mixture was stirred for 19 h and

filtered. The filtrate was concentrated under reduced pressure
and the residue was recrystallized from a mixed solvent of benzene/hexane to afford M4 as

colorless crystals with the yield of 86 % (0.230 g, 0.480 mmol).
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'"H NMR (DMSO-de, 400 MHz, §): 7.33 (s, 2H, thienyl protons), 7.25-7.16 (m, 10H,
phenyl protons), 6.16 [s, 2H, —Si(CH3)2>—OH], 0.29 [s, 12H, -Si(CH3)>—]. '*C NMR
(DMSO-ds, 100 MHz, d): 160.0 (thienyl carbon), 144.2 (thienyl carbon), 142.8 (phenyl
carbon), 141.4 (phenyl carbon), 130.8 (thienyl carbon), 129.1 (phenyl carbon), 127.9 (phenyl
carbon), 127.3 (thienyl carbon), 61.6 [>C(Ph)2], 2.0 [-Si(CH3)2—]. IR (KBr, cm™): 3300
(-OH). Mass (EI, m/z): 478 (M"). M.p.: 171-173 °C.

Synthesis of polymer (P4)

i | To M4 (0.250 g, 0.522 mmol) dissolved in cyclopentyl
TH methyl ether (1.7 mL), was added
1,1,3,3-tetramethylguanidinium 2-ethylhexanoate (0.20 g).

HO—

n After the reaction mixture was refluxed for 12 h, it was

B | filtered and poured into 100 mL of methanol to isolate the
corresponding polymer (P4) as white precipitates with the yield of 62 % (0.158 g).

'H NMR (CDCls, 400 MHz, §): 7.21-7.18 (m, 10H, phenyl protons), 7.13 (s, 2H, thienyl
protons), 0.32 [s, 12H, —Si(CH3)2—-]. '*C NMR (CDCls, 100 MHz, §): 160.1 (thienyl carbon),
144.1 (thienyl carbon), 142.3 (phenyl carbon), 141.1 (phenyl carbon), 130.1 (thienyl carbon),
128.4 (phenyl carbon), 127.8 (phenyl carbon), 126.8 (thienyl carbon), 61.5 [>C(Ph)2], 1.7
[-Si(CH3)2—]. IR (KBr, cm™!): 1100 (Si—O-Si).
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51 #E

AR EHRBEREZELS L TELNDILERY ~—[4647]1%, ZFiK, K= 2 |,

BB E N OBRNFT A ADTOOM N 7e ke LTHER SR TWD, Fit,
FHT7 2 EGHT DMMERE FEILEWL, AREEEIR[69,70], /N2 R¥ v v 7 M
FWRY = —[711,2)BLOERDE T A H (FET) [44, 73|\ SN 5 EFH
B L THIBRENE D TH D, 612, RV IPFF 7y (BDT) IR PBUgEe
TODOFF T 2 UBPEAE LEAEFR TH D, T, XUBUVRIIRS SHE S FE
(HOMO) O F—¥W AR TS, BEL WA ETF AT =V OETFEEZIK
TEHE5[41-43], 512, BDT FHEKRII Py FiEEEAE LTSI &b, 2h%
B2V TBEINCLDEWERIE T A H (FET) Fita 525 % 26N
% [44,45],

— 5T, FERECVINVEZEATLZLIZEY, VEXEFICEEZLTZ6T
ZENEE STV DH([25-27,55-61], =73 f- OLED ML L TOR Y vm 4 3k
ROFERIL, N6 DIKRNT 7 AEBIRE (T, [1,2] DEEERSCHM =X ~—F
& FREICT 5720, BEOCOREEDIKRTZ2HERTLHI ENOARHEYITHD &5
XD, —T, BN EESCIERIR T 2% EM[1,2,64,74) 72 E DR Y
vadYromEITIES T OLED MEHCE L TWA EEX NS, R v axH 35
BIRD T, 20 ESEEHEO—>SE LT, FHICESMEARSEFRZEATSZ
ENFET HILDH[15,19-22,65,67], Bl 21X, RV (P AFvvmFH ) D T 13-123 °C[1]
THHN, R (T RIAFALVAT I —Lriaxdy) FEEKD T, 13, BAS
N7V —VL UEAIC Lo T, =52 °C~191 °C O#iPHIZ & 5[15,19-22,25-27,59,67],
INHLOEE LD, BELIU25], PRV E— L R26]HDHWNIET T a R H
[2,1-b:3,4-D’ 1 F A7 = [6712HTHHRY (F hTAF LTI —Lrvaxiy)
FHEROARNMESINTEY, G0N FERIE, B8 ENR X O R
Bon Lo, FFIZ, 7 ma XU H[2,1-b:3,4-D’]1F A7 = [3334)1x 7 v A Lo DFE
{EEWTHY, ZVF LV BBEPORBUVRET A7 2 VRICES AT ET A7
T UKESBRFEIRCTh D, F1m, AL UFEEKL, RSO E TR A R
T2 EPHE SN TVNAH[T5,76], LML D, 7 aXrX([21-b34-b10F 47
= U, BOWENBEFINRE R L2 0D, v uaXrH[2,1-b:3,4-b10F
F7 = VBRI, VALV UBERE TR DR E AT A E NN
STWABH[67], S HIZ, 7 aXH([2,1-b:34-b10FF 7 = NI AT, AFNLT
=, HBONEY T 2= AV U NVEREEATHZ LI X DB ETINERENLET D
ZENEEINTWD[67], TZT, XUPBUVRAETFA T 2 VRICER LEEAEE
BAERETAHRY (FRIFAFAIAT Y —Lrinxthy) FEEKICER LE, X
V[1,2-b:4,5-b°1F 47 = o BLIORCV[2,1-b34-D1FF 7= 0%, 7o hTk®Y
BXOXT72F U P U OWORVEUBREZT A7 = UEBRICE B ZEUEY
ThbH,

PLEDEFRIZL Y, RETHE, XU V[1,2-b:4,5-010F A7 =2 (P5) & DHVIEA
VVR-b3 4DV TF AT = (P6) BIEAT LRI (T RITAFALAT U —L
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vym Xt y) HEROGRKE SO NTFREROEMMER X O FERHEIC OV TR
% (Scheme 5-1),

1,1,3,3-tetramethylguanidinium
| | 2-ethylhexanoate | |

HO— Si—Ar—Si—OH > HO -+ Si— Ar—Si—O—+H
benzene, reflux, 12 h

M5, M6 P5, P6
S S
S
v - L
S
MS, P5 M6, P6

Scheme 5-1. Polycondensation of
2,6-bis(dimethylhydroxysilyl)benzo[1,2-b;4,5-b'|dithiophene (M5) and
2,7-bis(dimethylhydroxysilyl)benzo[2,1-b;3,4-b'|dithiophene (M6).
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5.2 REREEE

52,1 F/~v— ¢V ~v—DEEE

Scheme 5212V F ) —)F /) ~— [2,6-B R (VAT Fax i) X
V[1,2-b:4,5-0’ 1 F A7 = (M5) , 2,]-BEA (VAF ke Rax i) oo
[2,1-0:3,4-’1FF 7 = (M6) ] DEARKEZRT,

S 0 n-BuLi,/ THF,0°C~r.t,, 1.5 h | S |
\ N\ - H=8i—4 N\ Si—H
s ii) HSI(CH3)CI, r.t., 22 h | s |
13 14
5% Pd-C, Ho0 / THF | 8 N\
- HO—Si \ Si—OH
rt,21h | S |
M5
s s | |
\ ] i) n-BuLi, / THF, -78 °C ~r.t., 30 min H—Sll S S 9':'—"’
ii) HSi(CH3)CI, rt., 2h W
15 16
| |
5% Pd-C, H,0 / THF HO—Sll S S SIH—OH
rt,12h - w
M6

Scheme 5-2.  Synthetic pathways for
2,6-bis(dimethylhydroxysilyl)benzo[ 1,2-b;4,5-b'|dithiophene (MS) and
2,7-bis(dimethylhydroxysilyl)benzo[2,1-b;3,4-b']dithiophene (M6).

F9, BEHRIZHE, XU V1,2-b:4,5-0°1VF A7 = (13) [T71B LRV
[2,1-6:34-’ 1 F A7 x> (15) [18]&= &Rk L7z, WIZ, ol 13 BLN15 & n-
TIFNI T LERNZ) TSR, 7aa P AF AT ERIGEED T LI
X0, ZNEN2,6-EA (UVAF e Faxv ) XUV 1,2-b45-0 10 F 47 =
v (14) BEIO2,7-B A (VAT e RrXr v U) XUV2,1-b34-1VF 47 =
v (16) 7=, T, 5% XT VUL —R Al L2 14 B O 16 OhIK
IREOZ LD, TREFNMS BLUIM6 & &1k L7,

Boe M5 BE M6 OEMiGMIGE 1,1,33-7T NI AF LT T =V =7 L2
FH~FHh ) oA it L THWTIT) 221280, ERENPSBLUP6 215
7= (Scheme 5-1), AREHMEA TIX, BEROBY XL, ML U R EDE ) ~—0G
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HITERY ~— O G E RS KEREW ETERT D AFEAT 5 Z &0
T& 5[15,19,20,65], M5 3 XU M6 O E#i& O 5% Table 5-1 12779,

Table 5-1. Results of polycondensation and thermal properties of PS5 and Pé.

Polymer Yield (%) M,® My | My? Ty (°C)° Tm (°C)¢ Tas (°C)°

P5 66 15000 1.49 76 222 420
P6 75 47000 1.63 57 _f 494

?  Insoluble part in methanol.

b Estimated from SEC eluted with THF based on polystyrene standards.

¢ Glass transition temperature determined by DSC on a second heating scan at a rate of 10
°C/min in Na.

4 Melting temperature determined by DSC at a heating rate of 10 °C/min under a nitrogen
atmosphere.

¢ Temperature at 5 % weight loss determined by TG in N».

T Not detected from —50 °C to 400 °C.

P5 B LUNP6 1L, THF, 7 muk/Lh, Mo/l Z21L 00 L4 500 A M
2% U C BRI A2 R Z ERAL N E o7z, PS5 BLO P6 OfEIL SEC
TEFR L OYNMR 23 B K VAR L=, PS B8 X TUVP6 @ SEC OfER: (Fig. S4, Fig. S5,
P97) XV, EHoNI-ARY ~—XHIEEEZ R L2 D, BRIRZERELIIZER
REDESTFEENMITRRICAY ) — VP TOHIEBICL > THREENR TS Z
EMHALNE /25T, MSBLOYM6 @ 'H I LN BCNMR % £ 1214 Fig. 5-1 & Fig.
5212, PS5 B LTUP6 D NMR % Z L2 4L Fig. 5-3 & Fig. 5-4 12”7,

(a) (b)
a
aheY
b HO—Si g Si—OH
N S, | a S 2P |
HO—Si )—Si—OH
[ s Z |
d DMSO-d, a
b
11.8
H,0
2 f c
e, db
d a
2019 20 DMSO
j | | i L 4 n I
o 8 71 & 5 4 3 2 1 0 160 140 120 100 80 60 40 20 O
& / ppm 8 / ppm

Fig. 5-1. (a) '"H NMR (solvent: DMSO-ds, 400 MHz) and (b) 1*C NMR spectra (solvent:
DMSO-ds, 100 MHz) of M5 at ambient temperature.
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(a) (b) |
a
b | |
HO-Si S, s. b _si—0OH
| a | 1 d I |
HO—-Si S, S S||—OH o c
| J[c ¢
/ a
b cocl,
12.1
f [
edb
cid a, ;
20/12.0 18 h
|l cHe A |
9 8 1 6 5 4 3 2 1 o0 160 140 120 100 80 60 40 20 O
& / ppm 8 / ppm

Fig. 5-2. (a) '"H NMR (solvent: CDCls, 400 MHz) and (b) '*C NMR spectra (solvent: CDCl3,
100 MHz) of M6 at ambient temperature.

(a) . (b)
a
s HO-+Si Si—0+H
Ho{slims[.o}H I fec o]
| s % [ ,
a
| a
[12.0
f
© cocl,
b |
[e [19 |
‘2,0. | H,0 1
) e Ll

9 8 7 6 5 4 3 2 1 0 "160 140 120 100 80 60 40 20
& / ppm & / ppm

Fig. 5-3. (a) '"H NMR (solvent: CDCl3, 400 MHz) and (b) >*C NMR spectra (solvent: CDCls,
100 MHz) of P5 at ambient temperature.
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f n a
a
12.1 |
|
c cocl, -
f
|
+C |
b [[2.0 e,db
20) |
e, y | J
9 8 1 8 5 4 3 2 10 160 140 120 100 80 60 40 20 0
S / ppm

Fig. 5-4. (a) '"H NMR (solvent: CDCls, 400 MHz) and (b) '*C NMR spectra (solvent: CDCl3,
100 MHz) of P6 at ambient temperature.

PS5 BXU'P6 @ 'H B LU BC NMR (%, M5B LTI M6 @ 'HNMR (2 CTHAI &
Ni-Lo7ee R EIZERT S 6.16 ppm (in DMSO-ds) 3 5 \ME 2.44 ppm (in
CDCly) DY 7 FIVOHERERNT, MSEBLOM6 L IZIZFRBECTH -7z, Fig. 5-3 %
L OFig. 5-4 1R T L 912, 'THNMR O > 7 F )b, FESER LNV BCNMR O 7))L
DPSELUP6 DEEICH L TRBETEX D2 05, PSBLUNP6 DI E A MR LT,
INHOREREY, BIISTEMEAFICETL T 2N D EE LN,
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5.2.2 KU ~—oDBHE

P5 B L UVP6 D Ty % DSC HITEIZ L W 7E L7, P53 LT P6 @ DSC Hhi#i % Fig. 5-5
WZRT,

a) b)
. 1st coaling
1
e i 1st cooling = \
[ 1 -
Q 1 [}
£ | \ £
[=] (=]
=] 1 ! =
c ! ! £
L : : 2nd heating w , 2nd heating
1 1 I
l 7, 76°C | J | —
1 1
| | 7.:136°C | |
| ig// | 7,0 222°C i ‘// 7,:57°C
: T : T T :/ T I T T
50 100 150 200 250 300 50 60 80 100 120 140 150
Temperature (°C) Temperature (°C)

Fig. 5-5. DSC thermograms of (a) P5 and (b) P6 on the first cooling and the second heating
scans under a N> flow rate of 10 mL/min and with a cooling/heating rate of 10 °C/min.

Fig. 5-5 £V, PSEBLUP6 D Ty lE, £HZEIL76°C B LN57°C LPRE I, P6
D Te M PS5 DZEINLED BAEDST=DIE, P6 HF DRV [2,1-5;3,4-b' 1 F A7 = > )N
MG L2 ETAHERR THHT-D, 7T U — L AR OB/ IE S -2 & n
FIREEZEZBND, £7=, P5® DSC JIEIZIIT 2 FHEIBFEITIBWT, 136 °C fHTi
fafblZ & bR O BB — 7 () ZBIHI L7, Tm% 222°C THIAIL7Z, LAvL,
P6 ® DSC JIEIZHBWT, TeBIORR (Th) DBHISN 0o, ZOREREY,
P5 I3kt EZR R L, IRV [2,1-03,4-010FF 7 = U EKEBEAT S Z LI L
0, RNY~v—8HOMELEHR DD T D EDNRBEI T, —FHFT, PSBELOP6D
Tes 1 X TGAHIEIZ LV, ZNF 420°C BLN494°C LikEENT-,
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5.2.3 JEFEfFM

Fig. 5-6 |\Z BDT #FEAR DI L d AT ML 7R"$, Table 5-2 1% BDT #%5&
KON FRMEZ F L O TRT,

0.12
b) — 15
— 16
— M6
© o — P6
&) Q
c C
@® @©
0 o]
[ _
] @]
(/2] [72]
Q0 O
< <
T T T T ‘P- = ...—
280 300 320 340 360 380 400 280 300 320 340 360 380 400
Wavelength (nm) Wavelength (nm)
400 450
c) — 13 d) — 15
~ — 14 — 400 .
3 3 16
© 300+ — M5 S — M6
— P5 S
z 2 300 - P6
wn 2]}
G 3
E 200 — E
- < 200 -
Qo o
[7)] w
2 100 - B2
S € 100
L w
0 T T T T O 71 T 1
310 350 400 450 500 550 310 350 400 450 500 550

Wavelength (nm) Wavelength (nm)

Fig. 5-6. Absorption spectra of benzo[1,2-b;4,5-b"|dithiophene derivatives (13, 14, M5, and
P5) (a) and of benzo[2,1-b;3,4-b']dithiophene derivatives (15, 16, M6, and P6) (b);
fluorescence spectra of 13, 14, M5, and PS5 (c, Aex: 303 nm) and of 15, 16, M6, and P6 (d, Aex:
290 nm) at ambient temperature (solvent: CHCI3, conc.: 5.0x10°mol / L,).
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Table 5-2.

Optical properties of BDT derivatives.

Compound Aabs / nm (¢ / L mol! cm™) Aem / NM Dr?
13 292 (7500) 303 (6600) 322 (7500) 336 (12000) 340356 0.06
14 301 (13400) 313 (18500) 338 (8600) 352 (12600) 359377 0.09
M5 302 (11100) 312 (15500) 338 (7000) 353 (10500) 362380  0.09
P5 301 (12300) 313 (14700) 338 (7800) 353 (10100) 362380430 0.09
15 287 (11700) 297 (10900) 310 (5100) 323 (5300) 326339 0.07
16 301 (20000) 313 (16000) 334 (3700) 338352 0.10
M6 301 (20000) 312 (17000) 335 (4500) 339354 0.10
P6 302 (19000) 313 (17000) 335 (4000) 339354 0.09

a standard in CHCls.

Fluorescence quantum yield (@r) was determined by using anthracene (@r: 0.27) [79] as

S, TUyho7RvrBIOZo2F v bk, RUV1,2-b:4,5-0° 10 F A7 = v
(13) BIORU YV [2,1-b34-D1F A7 = (15) OWMOF 47 = L BE P
VERICE#S LB LA THY, TNETIIT M T 'Y (Pb, Fig. 5-7) 50
X7 =F > FLr (Pe, Fig.5-7) BHEZHTLHRY (T I AFALIAT I —L
2X ) FHEAROERICOVWTHE SN TVDH[20], LNLARRL, Ty hT7kBY
BIOT7 =) b L UBEROEEREIC W HRE SN TRy, 22T, TV
FTREUVBIOT 2T b L URREROEEREZ Fig. 5-8 38 LU Table 5-3 (2R,

H—Si— Ar—Si—H HO—Si—Ar—Si—OH HO—+Si—Ar—Si—O—H

Fig. 5-7. Structure of anthracene and phenanthrene derivatives. ANT1:

| |

ANT1, PHN1 Mb, Mc

e
ANT1, Mb, Pb PHN1, Mc, Pc

n

2,6-bis(dimethylsilyl)anthracene, Mb: 2,6-bis(dimethylhydroxysilyl)anthracene, Pb:

poly(tetramethyl-2,6-silanthrylenesiloxane), PHN1: 1,8-(dimethylsilyl)phenanthrene, Mc:

1,8-bis(dimethylhydroxysilyl)phenanthrene, Pe:
poly(tetramethyl-1,8-silphenanthrylenesiloxane).
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0.08 - 0.20

a) —— Anthracene| b) —— Phenanthrene
— ANT1 —_— PHN1
0.06- Mo 0.15 Me
— Pb — Pc

Absorbance
o
(e ]
iy
|
Absorbance
o
b=
|

0.02 - 0.05
07 I | I I 1 O I I I I I
280 320 360 400 420 270280 300 320 340 360
Wavelength (nm) Wavelength (nm)

400 c) —— Anthracene 1000 d) —— Phenanthrene
. — ANT1 - —  PHN1
= — Mb 3 800 —  Mc
& 300 — Pb = —  Pc
= =
2 2 600
2 L
£ 200~ =
S S 400
'E 100~ =

0 I T T | I 0 T T 1
350 400 450 500 550 590 310 350 400 450 500 55
Wavelength (nm) Wavelength (nm)

Fig. 5-8. Absorption spectra of anthracene derivatives (anthracene, ANT1, Mb, and Pb) (a)
and of phenanthrene derivatives (phenanthrene, PHN1, Me¢, and Pc) (b); fluorescence spectra
of anthracene, ANT1, Mb, and Pb (c, Aex: 303 nm) and of phenanthrene, PHN1, Me¢, and Pc

(d, Aex: 290 nm) at ambient temperature (solvent: CHCIs, conc.: 5.0x10%mol / L,).
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Table 5-3. Optical properties of anthracene and phenanthrene derivatives.

Compound Aabs / nm (¢ / L mol! cm™) Aem/nm D
Anthracene 313 (1000) 325 (2600) 342 (5400) 379 (7300) 382 404 428 0.27
ANT1 320 (1600) 331 (2800) 348 (4600) 387 (4900) 396 417 444 0.40
Mb 321 (1800) 332 (2900) 349 (4600) 388 (5400) 397 418 444 0.55
Pb 320 (1900) 332 (2600) 347 (3900) 387 (4100) 397419445 0.10
Phenanthrene 275 (15000) 283 (11000) 295 (13000) 348 366 385 0.15
PHN1 276 (22600) 283 (15000) 294 (12600) 307 (15700) 372 0.25
Mc 277 (20800) 283 (15200) 294 (12600) 307 (15400) 372 0.26
Pe 277 (24000) 283 (17000) 294 (14200) 307 (16000) 372 0.23

?  Fluorescence quantum yield (®r) was determined by using anthracene (@r: 0.27) [79] as

a standard in CHCls.

FHEBRIZVAF VU NEEZEATHZ LICLD, T _RTOFEROWULART K
JZEBWT, VATV Y VR L HFEHEREOc-nk L Oo*-n* H&ZIZ L0 I AT |
NORWET 7 MBI OEAWSCRE (e) OB S i72[25-27,55-59,61,67],
IHIZ, TAFAT Y IEED nax & B TWIAN Y RiX, A DD Lo ~OEBIZIE
K425 Z &RHEINTWVWBH[57],

— 77, o*-m* I X B R ZEHE (LUMO) DTz LV, @i S#lE (HOMO)
& LUMO OO AF—F v v 7PMETL, WNEEOREEY 7 MFHRT 5
ZENHBITUVD[55,61], HOMO (281 Ho-ndt&Es L OV LUMO (281 D o*-n* it
2 X v, HOMO ¥ X T LUMO OB #i-F— A > h OISV TEBE— A
A RTHZEICEY, TEARAEFEEZIEMLEZbEDEZZIOLND
[25-27,55-59,61,67],

— 7T, WMINART MVICBITA D ATF ALV ILEOEAONEZ R T D720,
#E FEILBE S (density functional theory, DFT) % H T, JEJEEI%IZ 1% B3LYP/6-31G(d)
Z{# ] L 7= Spartan’08 C M5 & M6 ® HOMO £ J. O LUMO ® = /L X —HER D FHE
54T o 17, Fig. 5-9 I HOMO 3 L TN LUMO D = /L ¥ —H#EN7 72 &5 NZ LUMO & HOMO
DEIDZINF—F ¥y v T ER LIZZRINT =X AT T 7L THD,

RV [1,2-b:4,5-D° 1 F 7 = VHBIADOEE, 13 (-1.08 eV) & M5 (-1.15 eV)
O LUMO DT/ X —HENEB L3 (-5.47eV) & M5 (-5.27 eV) @ HOMO DT %
JLR—UELLODFETE, o*-n*HRIC L D LUMO O ks L Vo-ndf&ic L 5 HOMO
DARZEACDN Y AF N U VFEOBE AN L > CTHE SN IR T 5, FEEOHE
A7 =2 M UBEREEROGAEICHEBIHIS N, —F, M6 X1 Mb ® LUMO ®
THRIF—HEMIT IS BLIOT U F I L0 /&L, or-prdIic L5 LUMO @
BEAAN T AT NNV NVEOBEANZL > THESNTZZ EICERT S, 612, M6
BXOMb ® HOMO D= R VX —¥EMNIZI IS BLOT U o k0 b/ &<, o
HAIZ LD HOMO OZENDN T AF LT U LHKOBAIC L > CTHEISNZZ & iIck
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K9~%, HOMO D= 3 /L X —YEAL T, HFHREBOMMBEIIKTT L5 Z ENEZ LD,
HOMO DT R )VFX—MEN DLFENDH DWIIARLZENEHLT D720 OB HIX
HEPETIIMIH I TV, F£72, AT U VI OE AT FIZo*-n¥ &z &
- T LUMO DT 3L ¥ —UEN N 22 EAL 1, LUMO & HOMO DD R )LF—F ¢
o IR L, BRRINEEOREREY 7 hRBREEN-bDEEZ NS,

LUMO 10 -0.96 -0.99 -1.03

e T | FT
TT T

1
I
439 4.12
3 '53 4.74 4,

s N |
-5.27 ; |
- -5.47 ;L 5.23 -5.28 L-"?

13 M5 15 M6 Anthracene Mb Phenanthrene Mc

Energy Level (eV) ——
SEEEE “ELTLLLL

Fig. 5-9. Energy diagrams of BDT, anthracenes, and phenanthrene derivatives calculated
using DFT method at the B3LYP/6-31G(d) level.

BDT, 7o h ot BIRT72F > ML U BEEROBARELEEE Q) B IO
BTN (Pp) % Table 5-2 38 L O Table 5-3 (7T, T _XTOFEARDOE N ALY
FMUZBWT, VAFATINEEZEBEATLHZ LIZL->T, BEKREORERES 7
ﬁﬁﬂéhtoé%:,miﬂxﬁm@%%x&&%w’%mf 400~500 nm 13T

MRS WESEN B S v Te, T OEIAWVEEIE, PS B L ONP6 Oy TN LWV E I
DR EERIC L = v~—RRICERT A2 b0 LB NS, £z, PS O
XU~ —EAICE DS BHIBEX, P6 OLE LD LRV, ZOZ Lk, P5S
2BV T BDT BB O B RVFE EAE N FET D & E X B D,

—J, T 78V BLNVE T =T FLUFEKICUATF AV NVEZEANTLH
LWL e LT, LLARRS, BDT HRRICO A F AL Y LVEEZEAT S Z
LIZE D or o BIFERI e oo, BEFR[55,57.611ICb DXL DI, YA F LY
VDB NZ LD op DA EIE, EABERE (o) O KOV E 213/ S WIEE
REREEBICLI DD EEZEZ NS, —FH T, VAT LT U LK (14, M5, P5, 16, M6,
P6) O &p FEEHLD BDT Ak (13,15) LR L ORMETH -7, Z DR FIL
AT U IARIZE T S BDT B O ARV AAEHAIZ LV, BDT B O%E
ENFI SN ENEREEZOND,
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ARFETIE, XU V[1,2-b:45-1F A7 = (P5) BLONRUYV[2,1-b:34-D’1Y F 4
7z (P6) BHEHTDHRY (T hI7AFAIAT Y —Lrradxiy) HEEKRD
BRREER Lz, PSBLOP6 X THE, 7 unk/iLh, MLz 282 I+ 5
WA U C R REMMEZ RT 2 RO E o7, 5672 PS B X
UP6 D TelE, TNZENT6°CBLUS5T°C Thotz, £72, P5I% 136 °C (LI Hsh
LIC & 72 9 EVE — 7 28I L7248, 222 °C AHFICREMRIC & b 72 5 BV — 7 3]
HWEN=Z L0, EBREEED T+ Ths EHLEINTZ, —F, P6IZEHL Tik Tn 13
M7, FEREED T Tho EHEINT, 2O 8L, XU YV[2,1-b:34-b12F
72 EREEATDHI EICEORAENME T T AL ERT, S5, PS B
NP6 D Tys 1X, FALEI420°C B LN494°C ThHo7-, BDT DE#HIELE LTI AT
N Y NEEBATHZ LIZXY, WIGEREORERS 7 M XU e OB MAEHI S
o MR R (habs) B L UBRFENERE hem) DRIE T 7 MIo*-n* &I
X5 LUMO OZEICE > THREINT=bDEEZEZLND, FT2, GrlIT Ttk
VHAWNIT 2T R L UBRRIC O ATFAT Y N EAEAT L Ik LT,
— 5T, RV CFF T2 U FRICOAFIL U NANEEZEATSHZ LICLD O DI
BRI EN o7, ZORERIEL, ATV U IVRIZET D BDT BH&HE O g
PITRWFEAAERIZ L D BDT B OEBELZSI SR L Z EREBEE 2 b5,

Cl:Ha C|3H3
HO S|>i— Ar Sli—O H
CHs CHs

S S
S
P5 P6
Enf-wErEFINE B LGRRTEN
(®¢ : P4 > P5 = P6) (Tqs : P6 > P4 > P5)
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5.4 EgE

5.4.1 Materials

Benzo[1,2-b;4,5-b"]dithiophene (13) [77] and benzo[2,1-b;3,4-b"|dithiophene [78] (15) were
prepared using the method reported in the literature. n-Butyllithium in hexane (1.6 mol/L)
(KANTO KAGAKU), chlorodimethylsilane (Tokyo Kasei Kogyo Co., Inc.) and 5%
palladium on charcoal (Wako Pure Chemical Industries, Ltd.) were commercially available
and used as received. Tetrahydrofuran (THF, Wako Pure Chemical Industries, Ltd.) and
benzene (KANTO KAGAKU) were wused after distilling over sodium.
1,1,3,3-Tetramethylguanidinium 2-ethylhexanoate was obtained from an equimolar mixture
of 1,1,3,3-tetramethylguanidine and 2-ethylhexanoic acid (Tokyo Kasei Kogyo Co., Inc.)
[19-22,67]. 2,6-Bis(dimethylsilyl)anthracene (ANT1),
2,6-bis(dimethylhydroxysilyl)anthracene (Mb), poly(tetramethyl-2,6-silanthrylenesiloxane)
(Pb), 1,8-(dimethylsilyl)phenanthrene (PHNT1), 1,8-bis(dimethylhydroxysilyl)phenanthrene
(Mc) and poly(tetramethyl-1,8-silphenanthrylenesiloxane) (Pc) were prepared using a
previously reported method [20].

5.4.2 Measurements

'H and >C NMR spectra were recorded on a Bruker AVANCE 400F spectrometer in
deuterated chloroform (CDCI3) or dimethylsulfoxide [(CD3).SO] at ambient temperature. IR
spectra were measured on a Perkin-Elmer Spectrum One FT-IR spectrometer. The glass
transition temperature (7y) and melting temperature (7m) were determined by differential
scanning calorimetry (DSC) on a RIGAKU ThermoPlus DSC 8230 at a heating/cooling rate
of 10 °C/min under nitrogen at a flow rate of 10 mL/min. Thermogravimetric analysis
(TGA) was performed on a RIGAKU ThermoPlus TG8110 at a heating rate of 10 °C/min
under a nitrogen atmosphere. The number-average (M,) and weight-average (M) molecular
weights were estimated by size-exclusion chromatography (SEC) on an SHOWA DENKO
Shodex GPC-101 system with polystyrene gel columns (a pair of Shodex GPC LF-804),
eluting with THF and wusing a -calibration curve of polystyrene standards.  Gas
chromatography mass spectroscopy (GC/MS) was conducted using an Agilent 6890/5973
instrument. Absorption spectra were measured on a Shimadzu UV-2450 spectrophotometer.
Emission spectra were measured on a Shimadzu RF-5300PC spectrophotometer using a
solution that was degassed by argon bubbling for 30 min. The fluorescence quantum yields
(®r) was determined using anthracene (®Dr: 0.27) [79] as a standard. The optimized
geometrical structures and the energies for the highest occupied molecular orbital (HOMO)
and the lowest unoccupied molecular orbital (LUMO) were estimated through density
functional theory (DFT) calculations at the B3LYP/6-31G(d) level of theory using
Spartan ’08 for Windows (Wavefunction, Inc., Irvine, CA, USA) [63].
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Synthesis of 2,6-bis(dimethylsilyl)benzo[1,2-b;4,5-b'[dithiophene (14)

s Under a dry argon atmosphere, 1.6 mol/L n-butyllithium in
H—8i—\ N—Si-H hexane (3.8 mL, 6.31 mmol) was added dropwise to 13 (0.400

| S g, 2.10 mmol) in dry THF (21 mL) at 0 °C, and the mixture was
stirred for 30 min. After the mixture was stirred for 1 h at ambient temperature,
chlorodimethylsilane (0.796 g, 8.41 mmol) was added to this solution. The reaction mixture
was stirred for 22 h at ambient temperature and poured into 20 mL of water with stirring.
The crude product was extracted with ethyl acetate. The combined organic layer was
washed several times with water, dried over anhydrous sodium sulfate and filtered. The
filtrate was concentrated under reduced pressure and purified by silica gel chromatography
using hexane as the eluent. The collected fraction with an R¢ value of 0.40 was concentrated
under reduced pressure, and the residue was recrystallized from a mixed solvent of
chloroform/methanol to afford 14 as colorless crystals with a yield of 81 % (0.52 g, 1.70
mmol).

'"H NMR (CDCl3, 400 MHz, §): 8.29 (s, 2H, aromatic protons), 7.53 (s, 2H, aromatic
protons), 4.63 [m, 2H, —Si(CH3)2-H)], 0.47 [m, 12H, —Si(CH3)2-)]. '*C NMR (CDCls, 100
MHz, 9): 140.9 (aromatic carbon), 140.1 (aromatic carbon), 139.1 (aromatic carbon), 131.1
(aromatic carbon), 116.2 (aromatic carbon), 3.2 [-Si(CH3)2-)]. IR (KBr, cm™): 2100
(-Si-H). Mass (EI, m/z): 306 (M"). M.p.: 101-103 °C.

Synthesis of 2,7-bis(dimethylsilyl)benzo[2,1-b;3,4-b'[dithiophene (16)
| | Under a dry argon atmosphere, 1.6 mol/L n-butyllithium in
H"Sli \ S s ! S|‘“H hexane (4.2 mL, 6.72 mmol) was added dropwise to 15 (0.318 g,
\L%;g 1.67 mmol) in dry THF (13 mL) at —78 °C, and the reaction
mixture was stirred for 15 min.  After stirring the mixture for an
additional 30 min at ambient temperature, chlorodimethylsilane (0.796 g, 8.41 mmol) was
added to the solution at —78 °C. The reaction mixture was stirred for 2 h at ambient
temperature and poured into 100 mL of water with stirring. The crude product was extracted
with ethyl acetate. The combined organic layer was washed several times with water, dried
over anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced
pressure and purified by silica gel chromatography using hexane as the eluent. The collected
fraction with an Ry value of 0.62 was concentrated under reduced pressure to afford 16 as a

colorless liquid with a yield of 90 % (0.46 g, 1.50 mmol).

"H NMR (CDCls, 400 MHz, §): 7.74 (s, 2H, aromatic protons), 7.61 (s, 2H, aromatic
protons), 4.66 [m, 2H, —Si(CH3)2—H)], 0.47 [m, 12H, —Si(CH3)2-)]. *C NMR (CDCls, 100
MHz, §): 138.6 (aromatic carbon), 137.5 (aromatic carbon), 136.6 (aromatic carbon), 133.0
(aromatic carbon), 120.3 (aromatic carbon), 3.0 [-Si(CH3)2-)]. IR (KBr, cm™): 2100
(-Si-H). Mass (EI, m/z): 306 (M").

_72-



Synthesis of 2,6-bis(dimethylhydroxysilyl)benzo[1,2-b;4,5-b'|dithiophene (M35)
and 2,7-bis(dimethylhydroxysilyl)benzo[2,1-b;3,4-b'|dithiophene (M6)

Typical procedures: Under a dry argon atmosphere, 14 (0.50 g, 1.63 mmol) in dry THF (15
mL) was added dropwise to 5 %-Pd on C (8.7 mg) with H>O (88 mg, 4.89 mmol) in THF (5.0
mL) at room temperature. The reaction mixture was stirred for 21 h and filtered. The
filtrate was concentrated under reduced pressure, and the residue was recrystallized from a
mixed solvent of benzene/hexane to afford M5. M6 was prepared using a method similar to
that for the preparation of M5 with 16 as the raw material. The spectral data for M5 and M6
are shown below.

s | MS: Yield: 84 % as colorless crystals.
HO—Si—( N gi-oH '"H NMR (DMSO-ds, 400 MHz, §): 8.50 (s, 2H, aromatic

| s protons), 7.64 (s, 2H, aromatic protons), 6.35 [s, 2H,
—Si(CH3)2-OH)], 0.37 [s, 12H, —Si(CH3)2-)].  '*C NMR (DMSO-ds, 100 MHz, §): 143.8
(aromatic carbon), 140.0 (aromatic carbon), 139.0 (aromatic carbon), 130.4 (aromatic carbon),
116.8 (aromatic carbon), 1.4 [-Si(CH3)2-)]. IR (KBr, cm™!): 3200 (-OH). Mass (EL m/z):
338 (M"). M.p.: 176-178 °C.

| | M6: Yield: 73 % as colorless crystals.
HO“S|E \ s s I 3|i“0"' '"H NMR (400 MHz, CDCls, ppm): & 7.74 (s, 2H, aromatic
(%y protons), 7.64 (s, 2H, aromatic protons), 2.44 [s, 2H,
—Si(CHs)2-OH)], 0.53 [s, 12H, —Si(CH3)2-)].  '3C NMR (100
MHz, CDCl3, ppm): & 138.8 (aromatic carbon), 138.6 (aromatic carbon), 137.4 (aromatic

carbon), 132.5 (aromatic carbon), 120.6 (aromatic carbon), 0.8 [-Si(CH3)2—)]. IR (KBr,
cm™): 3300 (-OH). Mass (EI, m/z): 338 (M"). M.p.: 134-136 °C.

Synthesis of P5 and P6

Typical procedures: To M5 (0.250 g, 0.738 mmol) dissolved in benzene (2.5 mL) was
added 1,1,3,3-tetramethylguanidinium 2-ethylhexanoate (0.20 g). After the reaction mixture
was refluxed for 12 h, it was filtered and poured into 100 mL of methanol to isolate the
corresponding polymer (P5). P6 was prepared using a method similar to that for the
preparation of PS5 with M5 as the raw material. The spectral data for PS and P6 are shown
below.

| s | P5: Yield: 66 % as colorless solids.
Ho{—slims—%*i "H NMR (CDCls, 400 MHz, §): 8.23 (s, 2H, aromatic
s n  protons), 7.48 (s, 2H, aromatic protons), 0.49 [s, 12H,

—Si(CH3)2-)]. BC NMR (CDCl3, 100 MHz, §): 142.5 (aromatic carbon), 140.6 (aromatic

carbon), 139.1 (aromatic carbon), 130.3 (aromatic carbon), 116.5 (aromatic carbon), 1.4
[-Si(CH3)2-)]. IR (KBr, cm™): 1060 (Si—O-Si).
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| | P6: Yield: 75 % as colorless solids.
HO“S|E \ S s I S|i‘OH "H NMR (400 MHz, CDCls, ppm): 87.65 (s, 2H, aromatic
Qy protons), 7.54 (s, 2H, aromatic protons), 0.49 [s, 12H,
—Si(CH3)2-)].  BC NMR (100 MHz, CDCl3, ppm): §139.2

(aromatic carbon), 138.7 (aromatic carbon), 137.4 (aromatic carbon), 132.3 (aromatic carbon),
120.5 (aromatic carbon), 1.7 [-Si(CHs)2-)]. IR (KBr, cm™): 1050 (Si—-O-Si).
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P1, P4
P5, P6

| | t| —cH; —CHy )
HO+—Si— a—8i—0fH R 3 3

R2 R2 | —oh <O O

S S s S S
w1 L g ) W
P1-P3 P5 P6
EBhi-EmAEEFINE BIF AR EM

(O :P3>P4>P2>P1=P5=P6) (T45:P6>P3>P1=P2=P4>P5)

Table 6-1. Thermal and optical properties of poly(silarylenesiloxane) derivatives.

Polymer Ty (°C)* Tm(°C)® Tas (°C)® Aabs/nm (¢/Lmol' cm™)  Aem/nm Dr

P1 56 d 460  336(23700) 348 (19200) 381 0.09°

P2 97 d 459 338(27000) 350 (22000) 385 0.26°

P3 137 d 479 342(31000) 354 (26500) 389 0.78°

P4 109 d 454 340(22200) 352(19200) 387 0.39°

301 (12300) 313 (14700) 362 380 ]

P5 76 222 420 0.09
338 (7800) 353 (10100) 430

; 302 (19000) 313 (17000) ]

P6 57 = 494 339354 0.09

335 (4000)

Glass transition temperature determined by DSC at a heating rate of 10 °C/min under a
nitrogen atmosphere.

Melting temperature determined by DSC at a heating rate of 10 °C/min under a nitrogen
atmosphere.

Temperature at 5% weight loss determined by TG at a heating rate of 10 °C/min under a
nitrogen atmosphere.

4 Not observed from —50 °C to 400 °C.

¢ Fluorescence quantum yield (®r) was determined by using pyrene (®Pr: 0.19) [61] as a
standard in CHCl:.

Fluorescence quantum yield (@r) was determined by using anthracene (@r: 0.27) [79] as
a standard in CHCls.
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Fig. S1-1. (a) '"H NMR (solvent: CDCl3;, 400 MHz) and (b) '*C NMR spectra (solvent:
CDCIs, 100 MHz) of 2 at ambient temperature.
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Fig. S1-2. (a) '"H NMR (solvent: CDCls;, 400 MHz) and (b) '*C NMR spectra (solvent:
CDCls, 100 MHz) of CPDT1 at ambient temperature.
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Fig. S1-9. (a) 'H NMR (solvent: DMSO-ds, 400 MHz) and (b) '*C NMR spectra
(solvent: DMSO-ds, 100 MHz) of M1 at ambient temperature.
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Fig. S1-10. (a) '"H NMR (solvent: CDCl3, 400 MHz) and (b) '*C NMR spectra (solvent:
DMSO-ds, 100 MHz) of M2 at ambient temperature.

_91_



1 'II M
N S U MM

o 8 7 6 5 4 3 2 1 0 160 140 120 100 80 60 40 20
& / ppm § / ppm

Fig. S1-11. (a) '"H NMR (solvent: CDCls, 400 MHz) and (b) '*C NMR spectra (solvent:
CDCI3, 100 MHz) of P1 at ambient temperature.
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Fig. S1-12. (a) '"H NMR (solvent: CDCl3, 400 MHz) and (b) '*C NMR spectra (solvent:
CDCl3, 100 MHz) of P2 at ambient temperature.
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Fig. S1-13. (a) '"H NMR (solvent: CDCl3, 400 MHz) and (b) '*C NMR spectra (solvent:
CDCl3, 100 MHz) of 7 at ambient temperature.
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Fig. S1-14. (a) 'H NMR (solvent: CDCl3, 400 MHz) and (b) '*C NMR spectra (solvent:
CDCl3, 100 MHz) of 8 at ambient temperature.
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Fig. S1-15. (a) '"H NMR (solvent: CDCl3, 400 MHz) and (b) '*C NMR spectra (solvent:
CDCI3, 100 MHz) of 9 at ambient temperature.
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Fig. S1-16. (a) 'H NMR (solvent: CDCl3, 400 MHz) and (b) '*C NMR spectra (solvent:
CDCl3, 100 MHz) of 10 at ambient temperature.
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Fig. S1-17. (a) '"H NMR (solvent: CDCls, 400 MHz) and (b) '*C NMR spectra (solvent:

CDCI3, 100 MHz) of 11 at ambient temperature.
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Fig. S1-18. (a) 'H NMR (solvent: DMSO-ds, 400 MHz) and (b)

(solvent: DMSO-ds, 100 MHz) of 12 at ambient temperature.
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Fig. S1-19. (a) '"H NMR (solvent: CDCls, 400 MHz) and (b) '*C NMR spectra (solvent:
CDCI3, 100 MHz) of 14 at ambient temperature.
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Fig. S1-20. (a) 'H NMR (solvent: CDCl3, 400 MHz) and (b) '*C NMR spectra (solvent:
CDCl3, 100 MHz) of 16 at ambient temperature.
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Fig. S2-6. SEC profile of P6.
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DFT&F & fa R

Table S1. SCF Energy of 1 and CPDT1 — CPDT4
Compound SCF energy (a.u.)
1 —1221.542160
CPDT1 —2038.910236
CPDT2 —2422.376692
CPDT3 —2805.843568
CPDT4 -3189.310903

HOMO: -5.18 [eV]

LUMO: -1.01 [eV]

Fig. S3-1. Molecular orbitals of 1, calculated using DFT method at the B3LYP/6-31G(d)

level.

Table S2. Optimized Cartesian Coordinates in Angstroms for 1.
C 3.1879595  0.0000000  0.5349023 | C 0.0000000  -1.2675466  -2.4733337
C 2.5923212  0.0000000 -0.7017566 | H 4.2439298  0.0000000  0.7689960
C 1.1740530  0.0000000 -0.6112076 | H 3.1598128  0.0000000 -1.6267231
C 0.7218693  0.0000000  0.6957035 | H -3.1598128  0.0000000 -1.6267231
S 2.0211838  0.0000000  1.8387390 | H -4.2439298  0.0000000  0.7689960
C 0.0000000  0.0000000 -1.5899976 | H 0.0000000  2.1738027 -1.8598770
C -1.1740530  0.0000000 -0.6112076 | H 0.8864184  1.2893660 -3.1180596
C -0.7218693  0.0000000  0.6957035 | H -0.8864184  1.2893660 -3.1180596
C -2.5923212  0.0000000 -0.7017566 | H -0.8864184  -1.2893660 -3.1180596
C -3.1879595  0.0000000  0.5349023 | H 0.8864184 -1.2893660 -3.1180596
S -2.0211838  0.0000000  1.8387390 | H 0.0000000  -2.1738027 -1.8598770
C 0.0000000  1.2675466  -2.4733337
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Fig. S3-2.

HOMO: -5.11 [eV]

B3LYP/6-31G(d) level.

LUMO: —1.16 [eV]

Molecular orbitals of CPDTI1, calculated using DFT method at the

Table S3.  Optimized Cartesian Coordinates in Angstroms for CPDT1.

C 3.2237912  0.0000000  0.1704986 | H 0.8865415  1.2892939  -3.4818093
C 2.5876199  0.0000000 -1.0597170 | H -0.8865415  1.2892939  -3.4818093
C 1.1735926  0.0000000 -0.9738084 | H -0.8865415  -1.2892939  -3.4818093
C 0.7212915  0.0000000  0.3345571 | H 0.8865415 -1.2892939  -3.4818093
S 2.0231745  0.0000000  1.4690971 | H 0.0000000  -2.1735254  -2.2236385
C 0.0000000  0.0000000 -1.9539620 | H 7.0607014  0.0000000 -0.9846496
C -1.1735926  0.0000000 -0.9738084 | H 5.7290020  -0.8862334  -1.7393497
C -0.7212915  0.0000000  0.3345571 | H 5.7290020  0.8862334  -1.7393497
C -2.5876199  0.0000000 -1.0597170 | H 6.6115216  1.5604324  1.7333030
C -3.2237912  0.0000000  0.1704986 | H 52935108  2.4586114  0.9593019
S -2.0231745  0.0000000  1.4690971 | H 5.0005784  1.5807050  2.4665917
C 0.0000000  1.2672924 -2.8371831 |H -6.6115216  -1.5604324  1.7333030
C 0.0000000 -1.2672924 -2.8371831 | H -5.2935108  -2.4586114  0.9593019
Si 5.0716653  0.0000000  0.5200232 | H -5.0005784  -1.5807050  2.4665917
Si -5.0716653  0.0000000  0.5200232 | H -5.0005784  1.5807050  2.4665917
C 5.9754663  0.0000000 -1.1432773 | H -5.2935108 24586114  0.9593019
C 5.5372649  1.5434512  1.5110956 | H -6.6115216  1.5604324  1.7333030
C -5.5372649  -1.5434512  1.5110956 | H 6.6115216 -1.5604324  1.7333030
C -5.5372649  1.5434512  1.5110956 | H 5.0005784  -1.5807050  2.4665917
C 5.5372649  -1.5434512  1.5110956 | H 5.2935108 -2.4586114  0.9593019
C -5.9754663  0.0000000 -1.1432773 | H -5.7290020  0.8862334  -1.7393497
H 3.1428536  0.0000000 -1.9928792 | H -5.7290020  -0.8862334  -1.7393497
H -3.1428536  0.0000000 -1.9928792 | H -7.0607014  0.0000000  -0.9846496
H 0.0000000  2.1735254  -2.2236385
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HOMO: -5.16 [eV]

LUMO: -1.22 [eV]

Fig. S3-3.  Molecular orbitals of CPDT2, calculated using DFT method at the

B3LYP/6-31G(d) level.

Table S4. Optimized Cartesian Coordinates in Angstroms for CPDT2.
C 3.0506672  -0.7933151  0.4871085 | H 3.4290306  1.1498488  -0.3860217
C 2.6906201  0.4488749 -0.0093863 | H -2.6835574  2.6110128 -0.3491829
C 1.2967388  0.6958580  0.0285949 | H 0.6351130  2.9247521 1.5234338
C 0.5814012  -0.3645615  0.5582966 | H 1.6743296  3.4956261  0.2012781
S 1.6098207 -1.6759900  1.0113391 [H -0.0499139  3.9104942  0.2145947
C 0.3626314  1.8418927 -0.3606930 | H -0.3037338  2.9089783  -2.1479209
C -0.9854319  1.2405537  0.0389072 | H 1.4226405  2.5062319 -2.1527667
C -0.8221476  -0.0296859  0.5652990 | H 0.2164790  1.2401875 -2.4622800
C -2.3412102  1.6488481  0.0197958 | H 6.2390746  -2.0461009  2.6409354
C -3.2183802  0.7032737  0.5265539 | H 5.1978516  -0.6542978  3.0022119
S -2.3252346  -0.7335373  1.0405932 | H 4.5288529  -2.2874832  3.0317361
C 0.6741156  3.1208766  0.4474936 | H -5.2643441  -0.5275918  2.8125690
C 0.4276343  2.1392590 -1.8751010 | H -5.0785523  1.1915264  3.1923525
Si 4.7782073  -1.5110862  0.6745794 | H -6.6478316  0.5669479  2.6626963
Si -5.0807371  0.8500789  0.7206230 | H 5.8210423  -3.6977060  0.0581439
C 59715594  -0.3530036 -0.2250897 | H 4.0902841 -3.9009024  0.3746897
C 5.2328518  -1.6309360  2.5067362 | H 4.6293453  -3.2202804 -1.1640867
C -5.9498905 -0.3676748 -0.4383437 | H -5.0739020  3.3494051  0.9464365
C -5.5647167  0.4826068  2.5120923 | H -5.3107682  2.8761921 -0.7492620
C 4.8348097 -3.2416799  -0.0880955 | H -6.6503428  2.7585777  0.3969264
C -5.5674554  2.6266912  0.2861805 | H 6.8331072  0.5087999  1.5620991
C 6.8361870  0.5075392  0.4747373 | H 83663516  2.0223250  0.3665639
C 7.7074039  1.3670568 -0.1979164 | H 8.4105225  2.0522017 -2.1182440
C 7.7326958  1.3840611 -1.5928793 | H 6.9012305  0.5443462 -3.3981847
C 6.8850280  0.5378972 -2.3111354 | H 53664123  -0.9703720 -2.2103414
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-5.2897339
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-7.8466413
-9.0040721
-7.7971456
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-4.2448309

-0.3059526
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-2.8197240
-2.2359018
-0.6936380

0.6088749
-0.9244432
-2.8664885
-3.2566772
-1.7235190

Fig. S3-4.

HOMO: -5.19 [eV]
Molecular orbitals of CPDT3, calculated using DFT method at the
B3LYP/6-31G(d) level.

LUMO: —1.26 [eV]

Table S5. Optimized Cartesian Coordinates in Angstroms for CPDT3.
C -3.1041679  0.4427404  0.2566719 | C 6.5706807 -4.2362551 -0.1618788
C -2.6786009  0.3201329 -1.0563888 | C 5.2060561 -3.9536451 -0.2262378
C -1.2702677  0.2971490 -1.1984860 | C 4.7708096  -2.6357925  -0.3833258
C -0.6110520  0.4030288  0.0148707 | H -3.3826789  0.2534083  -1.8799073
S -1.7093525  0.5344025  1.3404456 | H 2.8172253  0.1122442  -2.8983981
C -0.2733181  0.1920957 -2.3529199 | H -0.3398683  -1.9959125  -2.4461747
C 1.0437039  0.2469916 -1.5780749 | H -1.4068623  -1.1874136 -3.6127166
C 0.8128208  0.3714684 -0.2173952 | H 0.3432281  -1.2290845  -3.8947417
C 24234850  0.2085477 -1.8906796 | H 0.3533684  1.3399651 -4.1078465
C 3.2501028  0.3037668 -0.7816242 | H -1.3933803  1.3786014  -3.8065933
S 2.2795363  0.4529294  0.6873071 | H -0.2974396 23382918  -2.7914388
C -0.4282968  -1.1386499 -3.1211174 |H -6.0387139  1.9043908  2.6073612
C -0.4099831  1.3876277 -3.3221745 |H -4.3251871 1.7118332  3.0092651
Si -4.8685649  0.4885628  0.8972536 | H -4.8145513  2.8455219  1.7424705
Si 5.1243065  0.2189617 -0.7255031 | H 5.3812049  0.2901700 -3.2139013
C -6.0003740  0.8268976 -0.5804233 | H 5.5566812  1.9160629 -2.5330023
C -5.3169805 -1.1709496  1.6839711 | H 6.8860862  0.7495791  -2.4114793
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C 5.7617653  1.2808948  0.7019405 | H -6.8988448  -1.1375183  -0.6259062
C 5.6842765 -1.5715307 -0.4784954 | H -8.3502775  -0.6733585  -2.5673967
C -5.0291111  1.8656107  2.1830251 | H -8.3061469  1.5621460 -3.6546727
C 5.7961601  0.8589226 -2.3737123 | H -6.7920678  3.3310032  -2.7797072
C -6.8657243  -0.1563153  -1.0924901 | H -5.3375509  2.8726751  -0.8472062
C -7.6894683  0.1034657 -2.1903008 | H 6.1256137  -0.3647739  2.0557760
C -7.6652940  1.3578559 -2.8004768 | H 6.8971099  1.0489927  3.9234752
C -6.8146609  2.3511128 -2.3090287 | H 7.0029025  3.5193022  3.6613704
C -5.9946138  2.0856311 -1.2122440 | H 63173172  4.5625456  1.5099435
C 6.1568057  0.7143059  1.9275354 | H 5.5311335  3.1598648 -0.3519510
C 6.5982583  1.5112962  2.9859485 | H -3.6556414  -2.2631730  0.8401095
C 6.6577925  2.8973209  2.8392944 | H -4.2790939  -4.4295130  1.8439904
C 6.2727836  3.4829769  1.6311413 | H -6.3022514  -4.6055350  3.2804116
C 5.8296383  2.6818856  0.5789251 | H -7.6961065 -2.5887479  3.6993074
C -4.5452596  -2.3254767  1.4621890 | H -7.0816531 -0.4272108  2.7002462
C -4.8946795  -3.5526369  2.0294738 | H 7.7961091  -1.0848896 -0.4702761
C -6.0289084  -3.6518203  2.8360540 | H 8.5629572  -3.4080371  -0.2022299
C -6.8113609  -2.5192389  3.0712212 | H 6.9116605 -5.2613516  -0.0402909
C -6.4561802  -1.2958186  2.5021925 | H 4.4787566  -4.7586025 -0.1541828
C 7.0566945 -1.8814970 -0.4095048 | H 3.7038723  -2.4333615 -0.4357754
C 7.4978307  -3.1955871 -0.2537409

HOMO: -5.20 [eV]
Molecular orbitals of CPDT4, calculated using DFT method at the
B3LYP/6-31G(d) level.

LUMO: —1.31 [eV]

Fig. S3-5.
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Table S6. Optimized Cartesian Coordinates in Angstroms for CPDT4.

C

QOO »nOoaon00a»nvnnonan

v
= =

oo NONONONONONONONONONONONONO NGOG

-0.0224092
-0.2383671
-0.2078372
0.0328632
0.2159542
-0.3889064
-0.2078372
0.0328632
-0.2383671
-0.0224092
0.2159542
-1.7987073
0.6904624
0.0496911
0.0496911
-0.7268149
-0.9231704
1.8371111
-0.9231704
1.8371111
-0.7268149
-2.0335028
-2.6105930
-1.8906094
-0.5896775
-0.0160707
2.1744921
3.4784257
4.4788329
4.1688450
2.8630667
-2.1262378
-2.8749443
-2.4312534
-1.2389462
-0.4949163
-2.1262378

0.1529568
1.3663327
1.2846939
-0.0024065
-1.1245718
2.2488873
1.2846939
-0.0024065
1.3663327
0.1529568
-1.1245718
2.8808931
3.3539304
-0.1701058
-0.1701058
1.3187027
-1.7461183
-0.3535523
-1.7461183
-0.3535523
1.3187027
1.2747922
2.3922423
3.5832276
3.6498398
2.5288441
-0.0892421
-0.2625606
-0.7005262
-0.9614032
-0.7886094
-2.0257283
-3.1658755
-4.0573483
-3.8031202
-2.6599545
-2.0257283

3.2200792
2.5856281
1.1731942
0.7210030
2.0193061
0.0000000
-1.1731942
-0.7210030
-2.5856281
-3.2200792
-2.0193061
0.0000000
0.0000000
5.0691828
-5.0691828
5.9401406
5.4459910
-5.6627742
-5.4459910
5.6627742
-5.9401406
6.4579939
7.0644865
7.1662422
6.6631534
6.0612964
-7.0044273
-7.4715612
-6.6020299
-5.2661609
-4.8047093
4.7695666
5.0646777
6.0433096
6.7229276
6.4255240
-4.7695666
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H
H
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-2.0335028
2.8630667
4.1688450
4.4788329
3.4784257
2.1744921

-0.4181833

-0.4181833

-2.5758594

-1.9380463

-1.9380463
0.5873241
0.5873241
1.6958343

-2.6082279

-3.6217078

-2.3385032

-0.0200199
1.0048305
1.4111079
3.7139550
5.4956716
4.9442321
2.6428582

-2.4781288

-3.7995355

-3.0100393

-0.8854323
0.4361091

-2.4781288

-3.7995355

-3.0100393

-0.8854323
0.4361091
1.0048305

-0.0200199

-2.3385032

1.2747922
-0.7886094
-0.9614032
-0.7005262
-0.2625606
-0.0892421

2.2790046

2.2790046

2.1103115

3.5104405

3.5104405

3.9896533

3.9896533

2.9217530

0.3541937

2.3312316

4.4538271

4.5723972

2.5955263

0.2673579
-0.0512857
-0.8334260
-1.2968483
-0.9898182
-1.3490477
-3.3615032
-4.9488794
-4.4974116
-2.4797119
-1.3490477
-3.3615032
-4.9488794
-4.4974116
-2.4797119

2.5955263

4.5723972

4.4538271

-6.4579939
4.8047093
5.2661609
6.6020299
7.4715612
7.0044273
3.1451591

-3.1451591
0.0000000
0.8865267

-0.8865267

-0.8869099
0.8869099
0.0000000
6.3931201
7.4594848
7.6387843
6.7441960
5.6908219

-7.6924052

-8.5117886

-6.9628257

-4.5818857

-3.7593144
3.9941049
4.5271925
6.2716702
7.4812366
6.9572899

-3.9941049

-4.5271925

-6.2716702

-7.4812366

-6.9572899

-5.6908219

-6.7441960

-7.6387843
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HOMO: -5.22 [eV]
Fig. S3-6. Molecular orbitals of M1, calculated using DFT method at the B3LYP/6-31G(d)

¢

LUMO: -1.28 [eV]

C -2.8749443  -3.1658755 -5.0646777 | H -3.6217078  2.3312316  -7.4594848
C -2.4312534  -4.0573483  -6.0433096 | H -2.6082279  0.3541937  -6.3931201
C -1.2389462  -3.8031202 -6.7229276 | H 2.6428582  -0.9898182  3.7593144
C -0.4949163  -2.6599545  -6.4255240 | H 49442321  -1.2968483  4.5818857
C -0.0160707  2.5288441 -6.0612964 | H 5.4956716  -0.8334260  6.9628257
C -0.5896775  3.6498398 -6.6631534 | H 3.7139550  -0.0512857  8.5117886
C -1.8906094  3.5832276 -7.1662422 | H 1.4111079  0.2673579  7.6924052
C -2.6105930  2.3922423  -7.0644865

Table S7. SCF Energy of M1-M3.

Compound SCF energy (a.u.)

M1 -2110.793908

M2 -2494.261744

M3 -2877.729736

level.
Table S8. Optimized Cartesian Coordinates in Angstroms for M1.
C 3.2507036  -0.1330058  0.0514258 | H -3.1383076  1.9790830 -0.1793354
C 2.6083557  1.0858103 -0.1068677 | H 0.0330158  2.5034569  1.9206372
C 1.1964401  0.9958460 -0.0870681 | H 0.9032392  3.6449937  0.8746655
C 0.7519520  -0.3048340  0.0894940 | H -0.8708759  3.6329411  0.8911944
S 2.0568931 -1.4250404  0.2305683 | H -0.8904145  3.3130940 -1.6613917
C 0.0172262  1.9627071 -0.2020496 | H 0.8817838  3.3256601 -1.6766968
C  -1.1504631  0.9846316 -0.0674507| H -0.0016337  1.9618656 -2.3933637
C -0.6901815 -0.3103530  0.1018225| H 7.0667333  1.0307833  0.1609886
C  -2.5646292  1.0649178 -0.0664915| H 5.7351825  1.8438239 -0.6699141
C  -3.1865509 -0.1595826  0.1031496 | H 5.7332364  1.7258551 1.0977909
S -1.9840455 -1.4421440  0.2684323 | H 6.6250791  -1.8206485  1.4987066
C 0.0209851  2.9981985  0.9446192| H 53589451 -1.0712683  2.4903392
C 0.0009273  2.6818123 -1.5690568 | H 4.9943457  -2.5065911 1.5174128
Si 5.0924705 -0.4707599  0.0863154| H  -6.6723870 -1.6107518 -1.3834744
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-5.1952181
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-2.4428160
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-1.6822215
-1.0278650
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-2.3014513
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2.5963254
1.7025369
2.5963254
1.7373141
-2.1112407
-0.0049155
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HOMO: -5.25 [eV]
Fig. S3-7. Molecular orbitals of M2, calculated using DFT method at the B3LYP/6-31G(d)

<

LUMO: -1.33 [eV]

level.
Table S9. Optimized Cartesian Coordinates in Angstroms for M2.
C 2.9731665 -0.7523483 -0.2836023 | H 3.4624555 1.3407797 -0.0175301
C 2.6809522 0.5948448 -0.1253596 | H -2.6138118 2.9740741 0.0919365
C 1.2955704 0.8798294 -0.1096610 | H 0.4560655 2.0914043 2.2286745
C 0.5179893 -0.2576426 -0.2607806 | H 1.6427450 3.1934200 1.4993839
S 1.4753739 -1.6837727 -0.4184615| H -0.0745441 3.6365562 1.5364788
C 0.4176788 2.1230668 0.0386295 | H -0.0193842 3.9852152 -1.0207203
C -0.9695755 1.4893388 -0.0684787 | H 1.6929863 3.5273501 -1.0466130
C -0.8744177 0.1169435 -0.2362467 | H 0.5298536 2.6707736 -2.0796249
C -2.3105023 1.9400371 -0.0390066 | H 4.7500181 -1.2184848 -2.6770572
C -3.2377562 0.9211117 -0.1812968 | H -6.3397279 2.6855989 0.7237294
S -2.4230570 -0.6359323 -0.3464663 | H 4.8944588 0.0917978 2.0760524
C 0.6230227 2.8005230 1.4120834 | H 6.6448462 1.5866808 2.9558675
C 0.6700963 3.1363986 -1.0991059 | H 8.7097754 2.0095229 1.6357574
Si 4.6494446 -1.5658894 -0.4410864 | H 9.0095264 0.9087267 -0.5734963
Si -5.0945226 1.0816224 -0.2820975| H 7.2606231 -0.6010185 -1.4544556
C 5.9409642 -0.3743796 0.2385352 | H -5.9220781 0.1097376 2.3963953
C -5.9369208 -0.4884010 0.3194157| H -7.0019087 -1.9528075 3.2247855
O 5.0068409 -1.9049823 -2.0455984 | H -7.6466448 -3.7497142 1.6328590
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7.9408388
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-6.8090088
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1.4879303
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-0.0969190
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4.5512500
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-1.4092274
1.4808641
1.5801975
0.7002622
2.4207054
-3.2344071
-3.8871637
-3.1349925
-3.7336393
1.3407797

-0.7972578
-1.6304090
-2.0395173
-2.1137819
-2.7444569
-2.3752999
0.4160455
0.0353198
1.4992539
0.2339968
-0.0175301

HOMO: -5.27 [eV]

LUMO: -1.37 [eV]

Fig. S3-8. Molecular orbitals of M3, calculated using DFT method at the B3LYP/6-31G(d)
level.
Table S10. Optimized Cartesian Coordinates in Angstroms for M3.

C -3.1801449 0.1229209 0.3267270| C 5.8715988 -1.9823551 -2.1586876
C -2.7017815 1.1834562 -0.4276914 | C 6.2208744 -3.3198578 -2.3498391
C -1.2966373 1.1811274 -0.5860686 | C 6.2746924 -4.1907025 -1.2596807
C -0.6907799 0.1130962 0.0568189 | C 5.9829145 -3.7190520 0.0216761
S -1.8375897 -0.9063964 0.8476024 | C 5.6386920 -2.3795635 0.2090197
C -0.2574597 2.0550406 -1.2880301 | H -3.3680756 1.9312585 -0.8469208
C 1.0211473 1.3018827 -0.9222539 | H 2.8518699 2.2371385 -1.7680834
C 0.7347988 0.1867750 -0.1509871 | H -0.4917846 1.0706844 -3.2305206
C 2.4063871 1.4455879 -1.1741929 | H -1.4333756 2.5663589 -3.0569013
C 3.1778673 0.4483654 -0.5991599 | H 0.3202065 2.6476027 -3.3104222
S 2.1551826 -0.7003129 0.2663123 | H 0.5481197 4.0837507 -1.1833621
C -0.4791958 2.0834275 -2.8164610 | H -1.2048472 3.9933193 -0.9340778
C -0.2525209 3.4930184 -0.7232812 | H -0.0987787 3.4905676 0.3603745
Si -4.9474178 -0.1593881 0.8694720 | H -4.4807586 0.2430413 3.0488683
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Si 5.0364939 0.3006337 -0.6601969 | H 6.3065088 1.6429768 -1.9573842
C -6.0855749 0.8771071 -0.2026126 | H -6.2498453 -0.5717353 -1.8019116
C -5.3495001 -1.9929754 0.8003776 | H -7.6617450 0.8488218 -3.2394103
C 5.8378345 1.0389484 0.8757474 | H -8.3436001 3.1147807 -2.4747651
C 5.5728052 -1.4862054 -0.8765819 | H -7.5998692 3.9445475 -0.2521175
0] -5.2004903 0.4128793 2.4250872 | H -6.1779744 2.5243430 1.1901623
0] 5.4522848 1.1930896 -2.0193916 | H 7.6291277 -0.1688835 0.7717342
C -6.5275001 0.4225101 -1.4579548 | H 8.7264896 0.8995694 2.7091623
C -7.3313345 1.2203561 -2.2725644 1 H 7.5684966 2.7130431 3.9544377
C -7.7153994 2.4922266 -1.8424454 1 H 5.3041920 3.4515057 3.2447816
C -7.2964177 2.9583804 -0.5951872 | H 4.2047023 2.3873001 1.3017687
C -6.4896054 2.1579813 0.2156677 | H -4.1405881 -2.4422792 -0.9383964
C 7.1171161 0.6325159 1.2997855| H -4.7797954 -4.8216187 -1.0418539
C 7.7387018 1.2300184 2.3976256 | H -6.3370408 -5.7722556 0.6470034
C 7.0880386 2.2479846 3.0971936 | H -7.2571078 -4.3152575 2.4389501
C 5.8159938 2.6637479 2.6975706 | H -6.6326935 -1.9251966 2.5368837
C 5.1993088 2.0633562 1.5996779 | H 5.8311507 -1.3106478 -3.0125490
C -4.8359564 -2.8379158 -0.2012942 | H 6.4501461 -3.6833826 -3.3484814
C -5.1900509 -4.1870425 -0.2602968 | H 6.5443509 -5.2333311 -1.4079259
C -6.0632057 -4.7210164 0.6889841 | H 6.0263115 -4.3925700 0.8738391
C -6.5800389 -3.9023238 1.6952134| H 5.4259488 -2.0255928 1.2157843
C -6.2271913 -2.5534018 1.7474661
Table S11. SCF Energy of 4,4-diphenylcyclopentadithiophene (10) and M4.

¢

Compound SCF energy (a.u.)
10 -1605.00543
M4 -2494.25743

HOMO: -5.25 [eV]
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LUMO: -1.15 [eV]
Fig. S3-9. Molecular orbitals of 10, calculated using DFT method at the B3LYP/6-31G(d)

level.



Table S12. Optimized Cartesian Coordinates in Angstroms for 10.
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-3.1263660
-2.5485752
-1.1597589
-0.7100911
-1.9767385
0.0000000
1.1597589
0.7100911
2.5485752
3.1263660
1.9767385
0.1277019
-0.1277019
-0.7100001
-0.6665828
0.2174379
1.0530991
1.0083377
-1.0083377

0.6170088
0.4895072
0.2011867
0.1284323
0.4016560
0.0000000
-0.2011867
-0.1284323
-0.4895072
-0.6170088
-0.4016560
1.2743367
-1.2743367
1.4521872
2.6273004
3.6506288
3.4849139
2.3077247
-2.3077247

-1.8402716
-0.6027450
-0.6916113
-1.9959334
-3.1418484
0.2990556
-0.6916113
-1.9959334
-0.6027450
-1.8402716
-3.1418484
1.1593147
1.1593147
2.2711061
3.0200392
2.6718628
1.5681457
0.8181516
0.8181516

C
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-1.0530991
-0.2174379
0.6665828
0.7100001
-4.1604572
-3.1021916
3.1021916
4.1604572
-1.3928940
-1.3231897
0.2552264
1.7473636
1.6629638
-1.6629638
-1.7473636
-0.2552264
1.3231897
1.3928940

-3.4849139
-3.6506288
-2.6273004
-1.4521872
0.8278381
0.6012829
-0.6012829
-0.8278381
0.6578861
2.7409783
4.5655758
4.2723587
2.1938015
-2.1938015
-4.2723587
-4.5655758
-2.7409783
-0.6578861

1.5681457
2.6718628
3.0200392
2.2711061
-2.0769472
0.3228679
0.3228679
-2.0769472
2.5587992
3.8788644
3.2569475
1.2860326
-0.0395846
-0.0395846
1.2860326
3.2569475
3.8788644
2.5587992

HOMO: -5.36 [eV]
Fig. S3-10. Molecular orbitals of M4, calculated using DFT method at the B3LYP/6-31G(d)
level.

-108 -

LUMO: -1.47 [eV]




Table S13.

Optimized Cartesian Coordinates in Angstroms for M4.
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3.2138337
2.5851896
1.1722682
0.7146819
2.0077663
-0.0013590
-1.1780948
-0.7269688
-2.5909006
-3.2201269
-2.0241285
0.1232730
-0.1199618
5.0543703
-5.0500545
5.5136126
5.9542683
-5.5466754
-5.9947779
5.5045180
-5.3081877
1.0147140
1.1996531
0.4966638
-0.3883217
-0.5726197
0.4889995
0.3055047
-0.4932945

-1.1244477
0.1090454
0.0289300

-1.2762709

-2.4169479
1.0208997
0.0309462

-1.2749805
0.1180643

-1.1130490

-2.4079503
1.8228381
1.9354103

-1.4776737

-1.4716825

-2.6499395
0.1700465

-2.2826214
0.1412390

-2.2850651

-2.5395198
29051111
3.6065725
3.2388803
2.1631757
1.4606295
1.6051420
2.4027324
3.5440571

-0.0940581
-0.0407963
-0.0516136
-0.1029359
-0.1458750
0.0243914
0.0071815
-0.0761960
0.0000059
-0.0748303
-0.1634972
1.3354075
-1.2131566
-0.1068580
-0.0306364
-1.4966986
-0.2703967
1.6002113
-0.2580605
1.2937996
-1.2983415
1.4047610
2.5947633
3.7441500
3.6881107
2.4946986
-2.4301515
-3.5612820
-3.4970344

C
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-1.1089888
-0.9242530
3.1408594
-3.1432319
6.5766002
4.9383098
5.3220647
7.0379071
5.7153728
5.7044471
-6.6088512
-4.9604160
-5.3781570
-5.7800405
-5.7387141
-7.0771686
5.1456302
-6.1355084
1.5576110
1.8917734
0.6364150
-0.9431861
-1.2631885
1.1081656
0.7911738
-0.6339995
-1.7335786
-1.4003994

3.8802764
3.0836938
1.0401440
1.0511451
-2.9124919
-3.5805011
-2.2020195
0.0068392
0.6619694
0.8659891
-2.5600505
-3.1891468
-1.5974703
0.8508886
0.6203473
-0.0372448
-1.9237388
-3.0396039
3.2087996
4.4443852
3.7879601
1.8661606
0.6241276
0.7163951
2.1275093
4.1666176
4.7676171
3.3629418

-2.2901970
-1.1606368
0.0039057
0.0467307
-1.4444724
-1.4337158
-2.4785062
-0.2411058
-1.2207670
0.5392010
1.6148748
1.7896234
2.4400154
0.5504518
-1.2091805
-0.2532826
2.1163079
-1.2702816
0.5142255
2.6223954
4.6715328
4.5744074
2.4664876
-2.4972507
-4.4939375
-4.3765884
-2.2246236
-0.2253252

Table S14. SCF Energy of 13 and MS5.

Compound SCF energy (a.u.)
13 -1181.05984
M5 -2070.30394
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HOMO: -5.47 [eV]

LUMO: -1.08 [eV]

Fig. S3-11. Molecular orbitals of 13, calculated using DFT method at the B3LYP/6-31G(d)

level.

Table S15. Optimized Cartesian Coordinates in Angstroms for 13.
C 1.1146096  -0.8588756  0.0000000| C  -2.3913671 1.5290616  0.0000000
C 1.2615976  0.5605209  0.0000000 | C  -3.4427904  0.6722440  0.0000000
C 0.1699297  1.4202826  0.0000000 | S  -2.9646006 -1.0152703  0.0000000
C  -1.1146096  0.8588756  0.0000000 | H 0.2992759  2.4989123  0.0000000
C  -1.2615976  -0.5605209  0.0000000 | H  -0.2992759  -2.4989123  0.0000000
C  -0.1699297 -1.4202826  0.0000000 | H 2.4982545 -2.6087416  0.0000000
C 23913671  -1.5290616  0.0000000 | H 44962502  -0.9202491  0.0000000
C 3.4427904  -0.6722440  0.0000000 | H  -2.4982545  2.6087416  0.0000000
S 2.9646006  1.0152703  0.0000000 [ H  -4.4962502  0.9202491  0.0000000

Fig. $3-12.

level.

Table S16. Optimized Cartesian Coordinates in Angstroms for M5.

HOMO: -5.27 [eV]

LUMO: -1.15 [eV]
Molecular orbitals of MS, calculated using DFT method at the B3LYP/6-31G(d)

1.2651665
1.1215397
-0.1216315
-1.2651665
-1.1215397

-0.6136992
0.8057694
1.4260766
0.6136992

-0.8057694

-0.0003889
-0.0004064
-0.0003996
-0.0003889
-0.0004064
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-6.1337163
-0.2164247
0.2164247
2.9690166
-2.9690166

-0.6917195
2.5082922
-2.5082922
-2.0466553
2.0466553

-1.5421107
-0.0003860
-0.0003860
-0.0002219
-0.0002219



C 0.1216315 -1.4260766  -0.0003996 | H 7.2254546  0.5898630  1.5735524
C 2.6487950 -1.0097398  -0.0003354 | H 59092162  1.7699913  1.5616548
C 3.5382408  0.0265168  -0.0003357 | H 5.7207874  0.2500638  2.4504564
S 2.6996254  1.5863000 -0.0003493 | H 6.5642205 -2.0695673  0.0009693
C  -2.6487950  1.0097398 -0.0003354 | H 7.2254709  0.5843390 -1.5765341
C  -3.5382408 -0.0265168 -0.0003357 | H 5.7203010  0.2433228  -2.4521114
S -2.6996254 -1.5863000 -0.0003493 | H 5.9100938  1.7654601 -1.5673712
Si 54048431 -0.1100224 -0.0002777 | H  -7.2254546 -0.5898630  1.5735524
Si -5.4048431 0.1100224  -0.0002777| H  -5.9092162 -1.7699913  1.5616548
C 6.1336123  0.6963434  1.5391482| H  -5.7207874  -0.2500638  2.4504564
o 5.6455482  -1.7694705  0.0020127 | H  -6.5642205  2.0695673  0.0009693
C 6.1337163  0.6917195  -1.5421107 | H  -7.2254709 -0.5843390 -1.5765341
C -6.1336123 -0.6963434  1.5391482| H  -5.7203010 -0.2433228  -2.4521114
O  -5.6455482  1.7694705  0.0020127 | H  -5.9100938 -1.7654601 -1.5673712
Table S17. SCF Energy of 15 and M6é.
Compound SCF energy (a.u.)
15 -1181.05799
M6 -2070.30887
C
¢
HOMO: -5.75 [eV] LUMO: -0.96 [eV]
Fig. S3-13. Molecular orbitals of 15, calculated using DFT method at the B3LYP/6-31G(d)
level.
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Table S18.

Optimized Cartesian Coordinates in Angstroms for 15.

@)

QOO v O00an

0.690012
-0.690012
-1.406233
-0.700351

0.700351

1.406233

1.794250

3.178694

2.831101

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

2.238011
2.238011
1.016049
-0.209730
-0.209730
1.016049
-1.580002
-0.505623
0.806886

C
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-2.831101
-3.178694
-1.794250
1.238057
-1.238057
4.173949
3.552711
-3.552711
-4.173949

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.806886
-0.505623
-1.580002

3.176266

3.176266
-0.930299

1.617127

1.617127
-0.930299

HOMO: -5.83 [eV]
Fig. S3-14. Molecular orbitals of M6, calculated using DFT method at the B3LYP/6-31G(d)

¢

LUMO: -1.34 [eV]

level.

Table S19. Optimized Cartesian Coordinates in Angstroms for M6.
C  -1.0093930 -2.6815550  0.6891271| C 0.4657620  -0.9225500  -6.1489290
C  -1.0093930 -2.6815550 -0.6891271| H  -1.3570419 -3.5518947  1.2388608
C  -0.5565051 -1.5433003 -1.4046683| H  -1.3570419 -3.5518947 -1.2388608
C  -0.1034633 -0.4040497 -0.7009041 | H  -0.7815123  -2.1112991  3.5349798
C  -0.1034633 -0.4040497  0.7009041 | H  -0.7815123  -2.1112991  -3.5349798
C  -0.5565051 -1.5433003  1.4046683 | H 0.5168510 -0.5583049  7.1814094
S 0.4071124  0.8568653  1.7997037| H  -0.3682229 -1.6303185  6.0906462
C 0.0089110  -0.1287538  3.2156742 | H 1.3927683  -1.4659597  5.9350875
C  -0.4774487 -1.3477267  2.8250551 | H 1.8233463  2.1130213  6.0058453
C  -0.4774487 -1.3477267 -2.8250551| H 2.6109774  1.1928839  4.7099451
C 0.0089110  -0.1287538 -3.2156742 | H 1.5452759  2.5463911  4.3137739
S 0.4071124  0.8568653  -1.7997037| H  -1.5801637  1.9043544  4.8790960
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0.2223151
0.2223151
0.4657620
1.6835122
-1.1805356
-1.1805356
1.6835122

0.5149961
0.5149961
-0.9225500
1.7015506
1.2726893
1.2726893
1.7015506

4.9707228
-4.9707228
6.1489290
4.9994668
5.4929195
-5.4929195
-4.9994668

H
H
H
H
H
H
H

-1.5801637
1.8233463
1.5452759
2.6109774
0.5168510
1.3927683

-0.3682229

1.9043544
2.1130213
2.5463911
1.1928839
-0.5583049
-1.4659597
-1.6303185

-4.8790960
-6.0058453
-4.3137739
-4.7099451
-7.1814094
-5.9350875
-6.0906462

Table S20. SCF Energy of anthracene and Mb.

Compound SCF energy (a.u.)
Anthracene - 539.530603
Mb - 1428.76880

Fig. S3-15.

HOMO: -5.23 [eV]

LUMO: -1.63 [eV]
Molecular orbitals of anthracene, calculated using DFT method
B3LYP/6-31G(d) level.

at the

Table S21. Optimized Cartesian Coordinates in Angstroms for anthracene.
C 1.2238258  -0.7225247  0.0000000 | C  -3.6607512  -0.7130706  0.0000000
C 1.2238258  0.7225247  0.0000000 | C  -2.4794909 -1.4069664  0.0000000
C 0.0000000  1.4033831  0.0000000 | H 0.0000000  2.4917534  0.0000000
C  -1.2238258  0.7225247  0.0000000 | H 0.0000000  -2.4917534  0.0000000
C  -1.2238258 -0.7225247  0.0000000 | H 2.4769685 -2.4945614  0.0000000
C 0.0000000  -1.4033831  0.0000000 | H 4.6073030 -1.2468099  0.0000000
C 2.4794909 -1.4069664  0.0000000 | H 4.6073030  1.2468099  0.0000000
C 3.6607512  -0.7130706  0.0000000 | H 2.4769685  2.4945614  0.0000000
C 3.6607512  0.7130706  0.0000000 | H  -2.4769685  2.4945614  0.0000000
C 2.4794909  1.4069664  0.0000000 | H  -4.6073030  1.2468099  0.0000000
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C
C

-2.4794909
-3.6607512

1.4069664
0.7130706

0.0000000
0.0000000

H
H

-4.6073030
-2.4769685

-1.2468099
-2.4945614

0.0000000
0.0000000

HOMO: -5.28 [eV]
Fig. S3-16. Molecular orbitals of Mb, calculated using DFT method at the B3LYP/6-31G(d)

LUMO: -1.75 [eV]

level.
Table S22. Optimized Cartesian Coordinates in Angstroms for Mb.
C  -0.9966594 -1.0127669 -0.0677899| C  -0.6425692  2.4083198 -0.0690660
C  -1.3666360  0.3825887 -0.0676492 | H 0.6425692  -2.4083198  -0.0690660
C -0.3600212  1.3571471 -0.0676237| H  -1.7638087  -3.0424734  -0.0634207
C 0.9966594  1.0127669 -0.0677899 | H  -4.1232063 -2.3887806 -0.0531604
C 1.3666360 -0.3825887 -0.0676492| H  -3.0190592  1.7778552 -0.0700096
C 0.3600212  -1.3571471 -0.0676237 | H 1.7638087  3.0424734  -0.0634207
C  -2.0399045 -1.9901568 -0.0657385| H 4.1232063  2.3887806  -0.0531604
C  -3.3568432 -1.6163721 -0.0620248 | H 3.0190592  -1.7778552  -0.0700096
C -3.7506518 -0.2337260 -0.0654487 | H 53520945 -2.1127334  1.2518257
C  -2.7553062  0.7214948 -0.0675328 | H 7.3520500  -0.5325127 -1.7918376
C 2.0399045  1.9901568 -0.0657385| H 5.7597538  -0.8716561  -2.4922625
C 3.3568432  1.6163721 -0.0620248 | H 6.2652837  0.8033686 -2.2171590
C 3.7506518  0.2337260 -0.0654487 | H 7.5884758  0.4995988  1.1492013
C 2.7553062 -0.7214948 -0.0675328 | H 6.5115574  1.8589524  0.8042824
Si -5.5645250  0.2869622 -0.0810133 | H 6.1360246  0.7571064  2.1324708
Si 5.5645250 -0.2869622 -0.0810133 | H  -5.3520945  2.1127334  1.2518257
0] 5.6615114  -1.9046069  0.3594382| H  -7.3520500  0.5325127 -1.7918376
C 6.3036600 -0.2125772 -1.8067375| H  -5.7597538  0.8716561 -2.4922625
C 6.5364177  0.8062083 1.1125761 | H  -6.2652837  -0.8033686 -2.2171590
O  -5.6615114  1.9046069  0.3594382| H  -7.5884758  -0.4995988  1.1492013
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C
C

-6.3036600
-6.5364177

0.2125772
-0.8062083

-1.8067375 | H

1.1125761

H

-6.5115574
-6.1360246

-1.8589524
-0.7571064

0.8042824
2.1324708

Table S23.

Compound

SCF energy (a.u.)

Phenanthrene

Mec

- 539.538755

- 1428.76651

Fig. S3-17.

HOMO: -5.73 [eV]

SCF Energy of phenanthrene and Me.

LUMO: -0.99 [eV]
Molecular orbitals of phenanthrene, calculated using DFT method at the
B3LYP/6-31G(d) level.

Table S24. Optimized Cartesian Coordinates in Angstroms for phenanthrene.

C

oo OO IO

1.4231069
0.7286642
-0.7286642
-1.4231069
-0.6797666
0.6797666
2.8373874
3.5617135
2.8825881
1.4998046
-1.4998046
-2.8825881

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

0.8682607
-0.3786771
-0.3786771

0.8682607
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HOMO: -5.60 [eV]

LUMO: -1.03 [eV]

Fig. S3-18. Molecular orbitals of Mc, calculated using DFT method at the B3LYP/6-31G(d)

level.

Table S25. Optimized Cartesian Coordinates in Angstroms for Me.
C 1.4445091  0.4471795  0.1024739| H  -1.1998951 -1.7133543  0.1586787
C 0.7318413  1.6848596  0.0569848 | H 1.2057548  -1.7117198  0.2511436
C  -0.7276738  1.6859090  0.0119189| H 4.6395871  1.6656131  0.1251314
C  -1.4426394  0.4483489  0.0279298 | H 3.4152636  3.8030654  0.0953808
C  -0.6782590 -0.7632729  0.1109444 | H 0.9778033  3.8431645  0.0302024
C 0.6820058 -0.7677856  0.1460567 | H  -0.9709488  3.8432980 -0.0662500
C 2.8778053  0.4271983  0.1104134| H  -3.4070350  3.8010713 -0.1591663
C 3.5531840  1.6437997  0.1104249| H  -4.6350125  1.6483158 -0.1415839
C 2.8618263  2.8676124  0.0899997 | H 6.3256216  -1.7042795  0.2010594
C 1.4828644  2.8842694  0.0558312| H 6.1292040 -0.1599731  -0.6234499
C  -1.4765771  2.8843021 -0.0535002 | H 5.9620606 -0.2512699  1.1412056
C  -2.8554050  2.8658510 -0.1068061| H 3.8953553  -2.9597165  1.3839559
C  -3.5503122  1.6440419 -0.0960918 | H 42174231 -2.9578930 -1.7018931
C  -2.8734300  0.4297659 -0.0288642| H 2.5957660  -2.2525827 -1.8309349
Si 3.9058319 -1.1508348  0.0071354| H 3.9952548  -1.3850396  -2.4781246
Si  -3.9179406 -1.1444482 -0.0180277| H  -4.3871402 -2.9976819  1.6058994
C 5.7458186  -0.7718861  0.2016552 | H  -2.7104849 -2.4612053  1.7588662
0] 3.3927370  -2.1411317  1.2691977| H  -4.0115589  -1.4840062  2.4477366
C 3.6508077 -2.0191749 -1.6519491 | H  -6.1853914  -1.2228042 -0.1087088
C  -3.7364049 -2.1134398  1.5937130| H  -4.2460318 -3.1203083 -1.5216798
O  -5.4888036 -0.5536142 -0.1379970| H  -3.6973819 -1.7056397 -2.4352691
C  -3.5624798 -2.2612488 -1.5002315| H  -2.5411072 -2.6583089 -1.4957788
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