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Figure 1-1. Product scheme of vitamin-D2
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Figure 1-2. Molecular orbitals and energy diagram of hexatriene
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trans-stilbene cis-stilbene dihydrophenanthrene phenanthrene

Figure 1-3. Mechanism of isomerization reaction on cis-stilbenel4b!
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Figure 1-4. Mechanism of photochemical or thermal reaction on Fulgidel5d
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Figure 1-5. Mechanism of photo-isomerization on stable furyl fulgide (5

Table 1-1. Quantum yields of photoreactions of furyl fulgides in toluene [5¢l

R Drc? Dy @ D75 Drc?
Me 0.18 0.13 0.11 0.048
Et 0.34 0.06 0.12 0.027
n-Pr 0.45 0.04 0.10 0.044
rPr 0.58 0.00 — 0.043
tBu 0.79 0.00 — 0.034

a) 366 nm light irradiation. b) 492 nm light irradiation. ¢) In CHCls.
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WL T Bl
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open-form closed-form open-form closed-form

Figure 1-6. Mechanism of isomerization reaction and energy diagram for

stilbene and diarylethenes!c!

Table 1-2. Energy gap between ring-open-form and ring-closed-form (in

Fig. 1-6), and resonance stabilization energy for aryl substitute group!sc

compound kcal mol 1 @ group kcal mol1 ®
1,2-diphenylethene 27.3 phenyl 27.7
1,2-di(3-pyrrolylethene 15.5 pyrrolyl 13.8
1,2-di(3-furyl)ethene 9.2 furyl 9.1
1,2-di(3-thienyl)ethene -3.3 thienyl 4.7

a) Energy gap. b) Resonance stabilization energy.
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Figure 1-7. Photochromic diarylethenes having active photo-reaction even

in solid state (top) and living organism (bottom) [11]
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Figure 1-8. Photochromic terarylenes having various functionalities!12!
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Figure 1-9. 3-D optical memory by using of photochromic compound 13!
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Figure 1-10. Photochromic fluorescence protein “Dronpa” for bio-imagingl15!
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Figure 1-11. Molecular logic gate functionality of photochromic compound

having isolated absorption or fluorescence properties [18l
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Figure 1-12. FRET mechanism for fluorescence switching [19]
» ) .. .
Writing . FEmission Read-out with
“z_' ‘ead Photochromic Eu-complex
A
uv 0 @ ( )
— "
— » R E EFLFE
Vis.
Readout =T = .
W A \ f A N Nz
1 — uv 8. T sl
:J]]] a’ 0@0 “o - a’ O@O “o
i [}
, \ Fgc)\'?l\-:F3 / ‘[. Fgc)\)\
~ Y H /3
- Eu(hfa);BTF04-O Eul (hfa)lBTFEM-C
open
g Ky
S B Emission | 2]
£ 0 1 2 3 4 |||8 . =
c Excitation 5
e 2+ Number of cycles g f,: \ (Reading) ; %
- < \ HE
E 7 \ A
£ \
S \
zZ oL . X . by Th l
560 600 640 680 720 300 350 400 450 500550 soo 650
Wavelength / nm Wavelength / nm
J\L J

Figure 1-13. Photochromic Eu-complex having luminescence switching (20!
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H2E WA v TF UM E R TR T
R7 U —)L)F 7 /) — )LiFER

2-1 HMEER

BEARET, 74 MBI RAICLDHHN AL v TF U T HEBLEIELHT-DIT
X, 74 M Xy ZENE RO E L T R X — s - OS
IO A = A LWSITII e, fiMC 7+ N7 a7 FHIRT
BT TENLEE L,

XY N2 ERERET S 74+ v v ke, VTV — T D
HOYCEREMT . 1997 45, Kaneuchi 512 X o THIO THA SuzBl, Hlo~x
N = UHEETHOHRIKIT. 2 DOFHFREZAT D70 OMBHEELZ R 5 <,
DTN ORGIZ X0 BEIRENL EL S, SO ER THER ST
Ho =N T, 7 uanFH U UM TH DARIKIL, BERLEMES KL T
WD Tz, IR TIEEEN MG & 220 | ot 77K ORYEIR TR S
LDHTEH o726, FBRED 2RI 56, BRIEZ LS 2 btk R 23 P
BRAKDOWIUH, L B2 A7, wh & RIRFICPABRIK O BRI S M E S
AVCHHBRIEDER S NG D, 207, HmEIRICEIE S5 2 L ITREETH
%o BABRIROH R A2 ) E S B D 7-012, 7 U — VENLIZ BV TR & A
R KF— - T8 FE RO FRREIENER I, 2005 412 Ahn 513,
2ODRU S TFH T2 BB YT ) —v= T AW T mEE b & RO S
DI LT 4 OOBBRFVBEAINTEZRYFAT7 20 V4% RifERE
AR L. FBENSEP CEEEZRT AR L, LLARnS, Wih
b BHBRIARLL LD TRy 72 #0682 2 9 D PHBR KIS DL TV o 7z,

2009 FIZ Nakagawa O ld, PABRMKRIZEWCREFOR LR & L EZ & 5
Ko7t MY = UFRER ARG L. PARIKAE LT FINBEROS & 1
Z LT, MEBR LI PR E ORI (OB FINER 10%) 24T 5V U=
A5y Fw B3 Uiz, BUBEROG 2 £F 5 72 O EIAZE et~ Z R S v
25, BABR IR CITHO R EZ I 2 D0, PABREUGSHE O ARSI K D #agRIA L L
THEFEZRBLISE DL Z ENAEETH S Z E R R &=,
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2-2 WFEEH & mTRE

PHERIRRE CIXEOEREN I A S, PHBRIRIBIZ R W TR R O SOE R IE D 5
L RIFHE OIS IE TR W THHOERIEN L E IR e T 5 | BOEtE~
YRV = FOREEARMIEO BRI E Lo, BERFEIEEICRE S & 23000
5. BBESOG 2 DI PHER IS 2 ik S ¥ 5 51k L LT, BALRE &0 4
i, AKFER G2 ETRES N D0 FRHAEEROMM 25 21z, oA ME
MTH, R CTHESHORRSETD Z M6 T 5 Z LMo TV 5,

T 2T ~F Y MY = DONEROS 2L HEARIC L0 il L, BRSO R E
LIt BRI+ 2B T 2 Z L 2 B LT,

o faxat

DTV T R T 4+ by I OEFKICIEL, BRRKETH W
NN Z RS Z =T V=L Do FHEEICER Lz, ZOFKIE 35D
HEBRIZE D TAZ == MEENTER S ND T2, TN T 7 AR (T
AERHE) 2 bE b S SN TR Y B ERRIEICERT D ISES I T
X5, AR (7t oo UofhE) (28T 5 BRSO HNH & ot &I
FOM_EIZOW T, Ahn 512 X > THE STV % Bis(benzothiophene-S, S
dioxide)hexafluorocyclopentene (BTFO4) % Z&#|Z L7160l Yo BMAVKGIZ R
BRI DHEEFER (R FA T 22) IZVFF Y REEZEANT D Z LT, FEEE
BRIV, BHBEIRIE (XY U = 4E) OARLEPIIGFTE 5, £/, M
BRIKRE (v 7 m AP Ul 1BV T, nE T ROILBRILEIC L DL E
DR TE 5, S HITiF, BFERIRISIZ X o THABANE Z 5 UG RRF#E
EFL VD, Bighk (AFNVE) ONAKRZEEZ, U4 F Y FEE O FHNHANE
A LV RIEZERSE LN H 0 | BREEBUC O] & [FIRFIZ, #0t & IR
D L& B L, 2551 Th 5 BTFO4 IZBWTIE, BEFT% 1 2EAT
L (Thbb, RO Y FAT7 2 OH%ANVT 4 RMET %) 1210 THHER
FOSEFINERPIEERIZNS S BRDZEDHRESNTNDIN, TOWEITLD &,
PABR IR DHEH NN IR TR CE 7o i3, BERT% 4 DERITEAL
DFOHTHLHEA, DIz, BERTEZ 4 DEALLT N IAXFT RE—TY
— LUK E . AR ORREHER & LTz,

FEE (TROOREIEE) 250 TV — LT U ROZ—T U — L T,
WG BER S (PLP2,P3) AR L, N ENTHRIZIEWERL L THE
L7910 A2 o REOBE AT, WLy A # 7 % B&FE (m-CPBA)
Z W TR R b RS TEVWVZ (Appendix A-2 THERHR) | 2558 O FEBREREIC
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DWW TIE, Appendix (2F & D7,

Scheme 2-1. (2, AWFFETREI LI 3 2DAEH (1a, 2a,8a) , KOS+
BTFO4 (4a) Oy fHiEZ =T,

F_F F_F F_F

Eﬁ F o CPBA E& = UV B E
—_—>
OO0 OO0 Vis. OO0 OO0
P4 4a 4b

Scheme 2-1. HiADO 7+ b7 v v 7{bEW P1-P4 "6 T FT74F TR
{bEY) la-da OAERKIGE . BEREROLEY la-da L ABILEED/LEY 1b-
4b L OO T h I v I RIS AF— A

_19_



2-3 MERLEBZ

2-3-1 BRPIZBITS UV-VisRIX AT b L

2-AFNT hT b Fu7F (2-MeTHF) ik OBABRK 1la, 2a & 3a 1
WEADEKRTHY . TOEWRIZUV 74 8 (=313 nm) #HHT25Z LT,
HEFELIIBERIZERT D Z ENBIHIE N/, Figure 2-1 (/s L7z X 912, B
BRIKD 1la, 2a MO 3a 13 A RAEISUC RN E 2 FF 7= 7203, UV 71 b RS
%1% 400-550 nm (28T L WRIGE MBI S iz, ka1, 2 KR8 ITidxEnE
. BEA ORI 298 nm, 279 nm K355 nm I/ bz, b DA
7 MVEHEIZS R T OLE W 4 OFE LTI Y . Scheme 2-1 127 L7 2
%7+ hra v s RGEEMTTWS, BHERIA la, 2a KO 3a DIBEHKIC
UV 74 baWE L, B LR EEM%, HPLC (~%4 v Fifg F ViR
BV 12X D BB ATV, PABRIK 1b, 2b XU 8b #457-, = L C, LR
& 1b, 2b LT 8b DfbiEMiE %, 4b & [FlEk, EZ oA /L AT 1H NMR
IIGEIC K> THOLMMZ L7z (Appendix &),

a) 5 b)
£ £
L L
= =
< <
o o
— —
P @
300 400 500 600 300 400 500 600
Wavelength / nm Wavelength / nm
C) d)
£ 27 £
L L
= =
51 S
P P
0L " S
300 400 500 600 300 400 500 600
Wavelength / nm Wavelength / nm

Figure 2-1. #1{bAa#() 1, () 2, (¢) 3 and (d) 4 @ 2-MeTHF H DI A~
NVEAL, BRBRIRNE kR, PABRIRSIRAIEHE, 3183 nm OWIRE FlzBiF 5
P.S.S. CtEFIRAE) NkASMTH D,
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2-3-2 X BRHELRE RIE G

A ERE T T RATRRD & R £ o T BIBRE 1la RO BIERE
1b. 3 o B i 315 5 L, 2 A0 6 ORE I A X ARELAS & HEXEARBT CHEAT L 72
Figure 2-2 T/REND L DT, FEAIREED 1b @ ORTEP {726, &7 m~F i
VI o L LR EE N RSN D, T VR EFT Y — R ED
DR v (S1-C1-C4-C9) 1347 82 ETh o 7=, HFROF TV —LBRIZE
35 SHEFE NFEAIZZFNL, 0.27Tnm LD bEWIEEECH RO 7 = =Lk
(BT B AFFR TS L T D, U, %4 O TO van der Waals 4%
OREY BEVMETH 2, D%V, CHN RO CH/S D53V AKFERE A LIER]
L&Y 27 2= AT T M FAEPEIEL T S EBE L BND, F
oo ZRUB SETE NFFE, FA47 =0 P4 %y FEO 4(00%725 A F L
BT A AEET L bMEEH L COB L B2 bR, ZiuE, CH-S A
0.271 nm, CH-N 2% 0.259 nm TH Y, WIN b1 O van der Waals -
O (H-S=0.305 nm, H-N=0.270 nm!'") L ¥ H, 5\ 7= Th b, — T,
TAT7 2 VAT RED 2 (L8125, RISTLRFBRFITIET D A F L
i, T PROIMINE L TR Y . EHIOF 47 = o V% REICET
SOz =y MIEHEL T2, ZDOAFNEIET HKFEIRF & SO DEEHI
+ & ORIOIEREINT S 0.24 nm K TH Y . FHAF D van der Waals 1%
OF (0.26nm11) £V HHEWERCTH D, 2O END, ThD AT VR LR
FIRAF & ORIC CH/OS OF\ KRG EAHEAEHDMFAET D Z EWRBREN D,
Z ® CH/OS DR BAER L. A& 2> 6 8b I HAFEL TWDH Z &R bnd,

Table 2-1. 1a. 1b }2U* 8b D& IZ I 1T 2 451 D R EfE
CH/OS §FEf [nml] CH/S ##f [nm] CH/N g [nml]

. 0.281 (H19/02) 0.281 (H5/S1) 0.260 (H1/N1)
a
0.276 (H15/03) 0.302 (H7/S1) 0.247 (H26/N1)
1 0.231 (H17/02) 0.266 (H5/S1) 0.255 (H1/N1)
0.239 (H6/03) 0.271 (H14/S1) 0.259 (H26/N1)
0.231 (H19/04 - -
sh ( )

0.234 (H20/01) — —
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a)

c)

“JW‘\/

H(20

H(19)

N Y

7 @ 0@ o 0@

«Kyi s H(ﬁ 4 \Q/‘%\f

o) °@ o) ow \ci\’

Figure 2-2. [ 1b & 8b Ofkih ORTEP XK., (a) 1b 1FEfi. (b) 1b Ml
(a) 3b 1EMH . (b) 3b I

Figure 2-3. BHERIK la OfEEEEER (a) 1la Ef, (o) la MM & (b) 7y A

BRERIK 1a K ODfE L& % Figure 2-3 (278 L7z, PABRIKR 1b & [AEE, >
T VHICBTAKBRET L, F7 V=D S FETF &N JF1 & OO PRk
NEJRA D van der Waals 20O LY <, CH/N KLU CH/S ®F5 /K%
FEEFHAEERPFEL TS Z ENRBIND, o, HEREKD S flloF+ 7
AR FEZ, CRICRIESE R T A= g U ER-TE D | Ak aE
TOMBRNKIGE RS IRWEFEELEISIE LTV D,
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2-3-3 BothtEL 7+ b u I v 7Rtk

BELTALED 1, 2 X3 OWSEFEE 7+ b v I v 7R %E | (LAY 4
&L HIZ Table 2-2 12k LT, £, £ o OHIEEAES T P1, P2 X NP3 @
YL 7 a2y 7 KA Table 2-3 1% & 7=, HERK 1b, 2b KON
8b DN AT Vi, £ b ORIEEASF Plb, P2b XU P3b &t~ T, #
LT N—v7 ML 2R Lz, 207 V—7 M5 mANE. {LEWY 4
IZBWTHEINTWDE, £, (kA 1, 2 kD3 DT /N— 7 N ORI
WTIE TD-DFT & OfE5E (2-3-5 18 Table 2-7) 76 b EAMIF SN TS, A=
313 nm DK FONEFIRE (PS.S.) 2B 5 1a 705 1b, KX 8a /25
3b ~DHAFEELR a pss 1X. HPLC Z W 200 H1Z1E 100% THh 5 & FUFE
vz, ZORRIZFEIC, 2O DRBERISE IR @ 0 230D TRV Z & 235
KTh b,

Table 2-2. L&Y 1-4 OWIEKrMEE 7+ M7 v I v 7 K¢t (2-MeTHF #iR)

A [nm] (g[104 M-lcm-l]) q pss @ Do b D¢
0.23
la 307 (2.28) >0.99
(+£0.01)
1b 324 (4.20) ] ] 3x 1054
490 (1.71) (£1x 103)
0.46
2a 301 (1.83) ~0.80
(+£0.01)
2b 319 (2.80)
0.024
460 (2.03)
(+0.002)
487 (1.96)
0.22
3a 288 (0.975) >0.99
(+£0.01)
3b 423 (2.30) 2.9 %107
' (+£0.1x 105)
4a 309 (0.424) ~0.80 0.22¢
0.036
4b 400 (2.14) - - (+0.002)
0.061 ¢

2 @ pss - the cyclization conversion ratio at P.S.S. with the irradiation at 313
nm light 2at 313 nm cat 432 nm 9the samples were degassed ¢in ethyl acetate
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Table 2-3. RiIEEA P1-P4 OWSEEMEL 7 4+ b7 v 2 v 7 Btk (~F ¥ UIRIK)

A [nm] a pss Doc D
(¢[104M-em1]) (at 313nm) (at 313 nm) ©
Pla= 269 (3.5) 0.90 0.6 —
Plb 610 (0.94) — — 0.07e
P2a b 273 (2.2)
0.44 0.58 —
329 (1.3)
P2b » 539 (1.2
(1.2) — — 0.45f
556 (1.2)
P3ac 262 (2.8) 0.79 0.46 —
P3b« 562 (1.1) — — 0.015¢
P4ad 258 (1.4) 0.50 0.35 —
P4b ¢ 517 (0.91) — — 0.35f

a'T. Nakashima, K. Atsumi, S. Kawai, T. Nakagawa, Y. Hasegawa and T.
Kawai, Fur. J. Org. Chem., 2007, 3212-3218. » S. Kawai, T. Nakashima, Y.
Kutsunugi, H. Nakagawa, H. Nakano and T. Kawai, . Mater. Chem., 2009,
19, 3606-3611. <M. Irie, K. Sakemura, M. Okinaka and K. Uchida, . Org.
Chem., 1995, 60, 8305-8309. ¢K. Uchida, E. Tsuchida, Y. Aoi, S. Nakamura
and M. Irie, Chem. Lett., 1999, 63-64. ¢irrad at 546 nm. firrad at 517 nm.

S
\
P2a P2b

FFE o ERFE
PO Y FiF
/\ /\T/E/\
s s SRS
P4a P4b

Scheme 2-2. FiFMATHD 7+ v a3 v 7551 P1-P4 O 4y A
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BHERIK 1a, 2a MO 8a DFABRKIGE T IR @ o IE 2-MeTHF B H CELE
AL, 0.23, 0.46, }1*0.31 Tho7o, HIEAS T Pla, P2a k(U P3a D @ 1T
ZFNEFH 0.6, 0.58, K11 0.46 THH=D, WTFNDOT FTI74FY MEAEW L.
AR D @ o & TEIDFER & 72 0T, ZRSTFDILEW 4 D @ oo ITHFRE=F /L
T022 THDHZ ENWMEINTED, HIBMEA P4a (Do =0.35) LV &AL
PEAMENZ L s BEIC Z ORI X Tu =6l

AR EHC K-> T, (LAY 2b & 4b 135821 2a & 4a ~EEEEH LT,
PABRIA 2b, 4b DOBABRIGE IR Do XN EFL, 0.024, 0.036 ThHh-o7-, =
OO, BTEEAS 7 P2 (00=0.45), P4 (0,=0.35) LV HE L <KW
ETH D, FERE 4b D 2-MeTHF KT D @ o ITFEE T F LK F OE (@ o
=0.35) IZELTW D72, AL FHIPAER BSOS O SOSHIT R LT, s R ITBRAE
DFEETERNZ ERRBEEINS, — T, IbEW 1b & 8b 1, FHFH DRI
W% T2, 74 b7 u v 7 Bas (BBRMKIG) Z1ZE A RS0
oo EEAERISLRWTEOITHEEDOEWRIEIXNEEEZZE L=, 1b & 8b @
T D TR @ oo IFWT LS X105 LA T & AL N, 2D X ) BRENWD o H%E
P D 72012k, Vo TNVRIRICE W TEERBAEMENR RO S, @’
RO THEW=DIT, ka1 & 81, FFE L, Rat B LIS Z R~ bd
MEE x5, ZOEY 1b ORBEERISHEZLEY 2b & HE L, Figure 2-4
R LT,

1.0

. 3 5t it o

%

AY
\

©
o)

©
N

Absorbance at .,
o
N

o

2 3 4 5 6

Time / hour

Figure 2-4. FIfiYt (=432 nm; HF 500 W, £/ 7 a A —F—ffiH) Dl
RENCHIT D 1b (FEEAIUA) KON2b GEAZEE) D A max DGR
(2-MeTHF 5 4)

o
-
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2-3-4 NMR A2 M IVOFEMT

L&Y 1a DiLFREE ISV T, H-H COSY, NOESY, TOCSY @ 2 %t 'H
NMR #I7E (Appendix ZH) OFERNL, THT7 2 VBROATFAFEO T 1 F v
I% Figure 2-5 [Z 7”3 KO IR s, A7 hado [B]l O 7 FidF T
V= NVEO NMNALET DT A7 =8, [Cl O 7 ST+ 7 =
BTHY, [FRXFDB,Cl iZE bz 22 FNVE [#30FD B, C] 1% 417
DAFNFEERLTND, KT [B] ®dAFE (NMOAFIVE) (X, BE
TR Chbar 7 A—varmE 1 ODOLDPRLRWEZDIL, 7T ARy vy —
TIEEEN, [Cl DAFLEE (SHDAF LK) X, IBELZTFFHsZ LTS
FaAnTr—REL, £0°CHHETIHTFY 7 MR b C 7 un—
FEEWR L T\ 5 (Figure 2-6), ZAux, SHIDOAFAIREN 2 S5O a 74 A —
varERYGWENW) ZLEEREBLTWS, DF 0D NAIOAF VL, 55+
NAEERIC L > Tar 73 A— g UAEEL S, [BEEREEEN K E WS, —
FD SO AFNIIT, 53 FNHASERDTHOTZOIZFEREFEREDS NSV, &3
BTE D, ZOMREIT, Fatd (2-3-2 1 Figure 2-2) O HEMMITFTHNTE
D, HEREFNREMENEELPSLTWND

CB B C 1H NMR (300MHz
P @ ; chloroform-D)
S-sid N-sid oy
=-Slde =side f
' 60T (333K)  H.0 X

| sharply | | sharp

s N S —— ¥

Large e 1
rotation *® ‘ | @

[ I\ I
PN F J

| [ I
*l | 40C (313k) X
2 g n i fi N
_.._,,_/"I I'\,j \ | ./ \ { (O
JL 1a ¢ ¢
I e e
\ |
broadly barrier Iyl Wi ',
electronegativity : “ | 20°C (293K *
S<N o/ | @ (29319 ._
AWAY I 1
_r‘_"_“‘/\; | T T \‘ T T T T | T T T Il\l ‘ T T
2.25 2.00 1.75 1.50

Figure 2-5. {44 1a ® 1TH NMR 222 kL DR AFME(20 °C—60 °C) & .
FT7 =B E SHIE) LN AIGR) O T U —)L I & O O [RIELFEEEE DRk 1
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1H NMR (600MHz
@ ; chloroform-D)

| H,0 X
|

| | 60C (333J§ﬁL
50°C (32@@_

L 40°C (3&&

30°C (803K)

\‘11\ o 20C I(293K)
| ] 10°G (283K)
A 2
I N 0 (273K)
-70°C (253K)

-30°C (243K)
[

CH-N interaction sp3 hybrid
effect effect of carbon @C
o - PRTATI B C @B
CH-S interaction Shielding effect a a |
effect of n-electron ’ X ﬂ|‘
Low magnetic High magnetic | l\ !
field shifted field shifted I | ‘|
- ‘l Acetone | }
O it [ X ]
u--uu.mﬂ-’l WWV"’I HWWIW M
T T | T T T [ T T T T | T T T T ‘ T T EPM
2.75 2.50 2.25 2.00 |
| ‘ A
o ~ ~o
3 3 S5

Figure 2-7. 1a /"5 1b ~OHEELEHIZEIT H A FLEOLFT T B
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a) [Q [P b) [;
s —_ N s

"lﬁiﬁi;__ sy Qs

st v OPS“S'O! Oi& &‘O

28 26 24 22 2 1.8 28 26 24 22 2 1.8

ppm ppm

Pla P1ib 1a ib
2.08 (3H, s) 2.12 (3H, s) 1.985 (3H, s) 1.920 (3H, s)
2.13 (3H, s) 2.29 (3H, s) 2.038 (3H, s) 1.927 (3H, s)
2.15 (3H, s) 2.31 (3H, s) 2.186 (3H, s) 2.387 (3H, s)
2.20 (3H, s) 2.41 (3H, s) 2.218 (3H, s) 2.680 (3H, s)

Figure 2-8. (a)P1 X UNb)1 DBAERILGE) & FABRIKGR) D 2 F LDk 7 b

F 72, BABRIK 1b D45 % D A F /L EEIT Figure 2-7 @ X 5 1[2IfE S 7=, PABRAE
W (7 e o) IHEET 52T FAT7 = VRO 2002H
ST ATFNEIL, RIGRIRFED sp3IRBULIZ E D2hF. nfE 71T L Dk 3z
KoT VI IAREGEY 7 Nz, £, TAT7 2 VRO ANUIZH D A TF IV
T FHREOREL Y & CH/SHAEEH & CHNHAE/EHOREZ @M Z1T T,
EEeS> 7 b Ui, ZoOfEmiE, miBkA Pla 725 Plb ~OEEZEIZH T D A
FNAEOAFEY 7 oMM E Y &, BEEFEICZE{LL TWD (Figure 2-8), 2D Z
EMBH. T R IAXRT NMELTZLEY 1 ORI 1b 23, CH/S [, CH/N .,
KO CH/SO MICHIT 2\ FINHAIEHIZ Lo THIE(L L TWD Z & 23R
X5, £7-. Figure 2-9 (IS5 L 912, BEEZELSETHHARIK 1b
DAFNEDL T FNABEALRVES, SFRHIEAAL THWLEEE S 5,

_28_



@B
B C  Ethyl acetate @ C H,0
° ¢ X | 60T(333K) X
\ I J \,JQW N
ib Q
<& %] 1
(P ,‘ | X 4 50T (323K) %
i | A I JAR
J\. / I \'\__J' ‘W \‘
S
SN et et o
@ ® S § 40T (313K) ¥
it i i i
II\ :|1 Al ‘l I‘.p——’_”_’j\
i N A \_.1"0 \¥
(%]
5 Q
, | x| 30°C (303K) x
| I ;-\ ,‘, AN
@ A
o o ?, 20°C (293K) I
| n. X A
| it f I
i IS J‘L_j L_____‘_____..,—/ \“PPM‘
T ‘ T T T T | T T T T | T T T T ‘ T T T T | T T T T ‘ T T
2.75 2.50 2.25 2.00 1.75 1.50

Figure 2-9. 1t.&% 1b @ 'H NMR A7 kL OiREEEA7ME(20 °C—60 °C)
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2-3-5 HOLRIERME

%2 DPABRIKD A max 138 L 72 B & O "I T S ¥ 721bEaw 1. 2.
3 kW4 @ 2-MeTHF &+ D# A2 ~v% Figure 2-10 (2777, UV 74
F DB N, 26 DITEEOF A DE R LIz, 2b OFARIKIL 543 nm
ERERAIERE E L TRWLEEORIEE R Lz, Z OFREEIT AR fE -
TRAD L, UV A MSHZ Ko THUMER L., 2O &6, alifif7east
A T THEREE AT H Z EDNRIBE I NLTZ, 1b, 8b OFARKITENE I
o L A DR R U BEERKEEIZFNE.577nm & 556nm TH-o 7=,

£z DI EEDO F L % Table 2-4 IZ/R7T,

a) . b)

Intensity / a.u.

Intensity / a.u.

400 500 600 700 800 400 500 600 700 80

Wavelength/ nm Wavelength/ nm
c) d)

Intensity / a.u.
Intensity / a.u.

400 500 600 700 800 400 500 600 700 800

Wavelength/ nm Wavelength/ nm

Figure 2-10. UV (313 nm)HHZME S @A~ hZE b, (a) 1(2.7X105M),
(b) 2 (2.7X105 M), (c) 83 (7.8X105M), KUV(d) 4 (4.5X106M) (2-MeTHF ¥
) BIBRIRGE iRy, PABRMRGREAIERY . 313 nm BH FiZkIT 5 P.S.S(kk
G iR EIZENEN., (a) 490 nm, (b) 460 nm. (¢) 423 nm X}, (d)

400 nm
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Table 2-4. 5% 1b-4b OHOLIEHFE (2-MeTHF i)

A ex [nm] Aem [nm] Dery, 2 Tem [IlS] ky [5_1] ko [S_l]
1b 490 577 0.35 4.5 7.8%x107 1.5%x108
2b 460 543 0.37 4.3 8.6x107 1.5%x108
3b 423 556 0.03 0.37 8.1x107 2.6X109
4b 400 478 0.03 0.07 4.3%x108 1.4x1010

2 Fluorescent quantum yields at room temperature; the sample concentration
of 3.5 x10%6,8.6x10°%,3.4%x 106 and 2.1 x 106 M for 1 2, 3 and 4, respectively.

TNZENDOREFRREETE=F— LAY FUZBWT, @58
BRIRDWIL AT S =B LT R Siz, UV 74 MREICfE- T
BABRIA 1la. 8a DIEATAIK DOE IR L, dt O = IRITHERE S o 7,
AAYE (A ex = 432 nm) OEFGEIRK I T D/LEY 1b LY 2b D638 e TR
DR % Figure 2-11 (2797, 1b ITEHEARE 2R T H OO, 2b 1THES°

MZEIR LT,

gErrrrrererrrrrrrrbl

0.8 -

< 0.6 -
04
0.2

—
—_—

0

\ g

4

4
4

®
V990000004

0

2

4 6 8

Time/ hour

Figure 2-11. A[#15%(1 =432 nm; 0.33 mW cm2) D BEHZ 1T 5 1b (B
1)} O bR ZETE) D A em DFIXFHECFEIETREE (T L) DFEFFA{L(2-MeTHF)

Table 2-5. L5 1b, 2b OHOEEFPEROEBULFNE (N X7 U 2 T 1R)

AeX @em

[nm] 2-MeTHF 1,4-dioxane toluene CH:Cls CH3;CN
1b 400 0.35 0.36 0.33 0.32 0.10
2b 400 0.37 0.33 0.45 0.29 0.10
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FABRIA 1b, 2b &N 8b O HIEE IR @ em 1% 2-MeTHF &R+ TEILE L,
0.35, 0.37 X 110.03 THHo7=, {LEW 4b D Dem 1L, HE SN TV D EEET T
IO E LETVMETH - 7216, FiEAS T UV —/Lx7 » P4b 3R Tlda
<HFHIEET, 77 KORIE FITHWTHILET 206, S % SO, ~gfbT %5 Z
ETRMFFHENRKELS M EL, 4b DL D ICHIBRTORNDHER TEL LI TR
ST, EBIZ, TR I7AXFVRE—T IV —L %1 1b, 2blE. T 8T AFT R
T U =T 57 8b, 4b LT, 10 fFEREFWESEE FIEE R LT,
Table 2-5 (27" K 91T, FORITITAERN RS BEHR L TEBY . FRZ 2b 1T Fr =
VIR T 0.45 LD Qo DI Z R LT, ZOEIITONT, SRR E
B CENRIEEE ) 25l 5 72 OISR o iR d R E 21T - 7=, SOt
it % Figure 2-12 (27757,

a) b) |
\‘w. g\x" “
., g
/_:E) ‘"‘f.‘:.;‘&- : ’:g ﬂ?"":x,:‘_’;
\g - \g ‘:‘;_u:_
16 24 32 8 16 é4 32
nsec nsec
C) d
BN
=g - |
- - |
R T ‘ ‘ ‘ ]
08 12 1.6 2 02 03 04 05 0.6
nsec nsec
Figure 2-12. K[l 50 Mz YEIIE D> B AR 72 88 ez iR (2-MeTHF ¥, =) |

(a) 1b (3.0x105 M), (b) 2b (4.5x105 M), (c) 8b (7.8x105 M) and (d) 4b (4.2x10°
5 M) ; BEERICIEF Y ET A — T R—=F X BT 7 A ¥V AL —H—
(Mira 900F & Pulse Switch, Coherent)% iV 7=, 400 nm ® SHG === k
(model 5-050, Inrad), 7%V AlE= #J 90 fsec, v XK LEK % 1 Hz, KA
FRITH BB RDO 7 4+ v T 4 7
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2TOEWIE. WHEIZER SN B — 0 BB OERHE %~ L=, Table
2-4 1R LT L DI, LB 1b, 2biE, (LAY 8b, 4b LV & & D DIF RV
FFmam Lz, b&% 1b, 2b 1%, L&) 8b, 4b LV & Mg JIE 3 &
B ke DY VML B/ NS WD | mDEOEE IR @ en 235 B LT, (LG 1D,
2b DFEIEFRE D RFRH7 1L, MEER L 7o n R DL > TV DR T = = /LT
KGFTDEEZLND, D7D, X—T UV —L 201 1b, 2b DHFAE, 2D
7 = = )VHR T 7 — VB & O EAERIC X - CTHIEAL S, Sembil ik ag
ICBWTREIRIE D IH SN TnbH EE X BN, ZHUIxfL, ~L7Fm
X T U ERTAYT ) VT AL ED s a X T UBRENRT Y
THE AR ZTRE T LR T REEN R TH D | X RS a A AT
TIHELIFUEX, 227 exXe 7 URIZET S F RFOEENICT A A4 —F—
LCWatkra@glllanshz, >£0 U7V —L=7 41 8b, db D7
OR_RCTUVRICAONAZDE IR T LR UE Y T 4 —T X o TIEENEE))
KEL 2D | MEEEHITE RS TR ko DME R U, BOEE IR @ em D3] S 40
TERREMENRE X bIvD, —H T, #—7 U —L 251 1b, 2bZIX, £D LD
RZVLFVEN T 4=, T2 ViR ETFT VLR E DR KOFT Y
—NWERET AT 2 U T RE L OB OZEREEH /1% CH/S &Y CH/N OFf
HAEHATHONTERY | [BESER) TS 2 bl SN 572, e Led v
Lo Tn5b, (2-3-2 HOMMEEZSH) £, U4 REE ATV
RO CH/SOMAERMIC L » Ty 7 a~® ¥ o L Fkk B IROIRE) & 4]
fil v, BRI MIEAL L7 2 & T AR RAT K o THERE S 75 1 B E 4
NETEFT/hSLS ol bBEZLNS,

— 5T, BABRKOEEED O HaOE B S L7223, ZOFRNITHmD THH< |, 8
KN YE L 0 592, WIR THERT 5 Z & ITHike v, JIE . BHEREK
la KON 2a OENFHEIL, ZHZEI A em= 452 nm (@ em < 0.001), KN4 em =
418 nm (Pen < 0.003) & RS NTZ, LN LR S, BIBRIKDEOLI ORI
FEEANZH BT D OITREETH 5, Eauid, st REICHW A SEIZ L - T
HAFEIE WS (FABREUS) 283/ HEFT L. FOERIR D m W BRI AN AR
ST, TOMRIKDLENST DO THL, —F T, 7T 77X RYT U —
TT Vo OBERIK 8a, 4a DHIEFHEIL. TNEHI dem= 358 nm (Dem = 0.036),
O A em=451 nm (Pem = 0.026) & AFE DT,

1o T, ALEY 1 IXFIEARF R 72, ALEW 2 1 X FTR7eMEE & FFou it ¥
— U FUNFE L TERTE A Z R bhotz, ZOfERIZ. PALM % /=
ARG EE NS A A A= T8I0 b —=2 7 H EL 731 A04 5

_83_



B PG RRERI0 70 E ORESR OIS FIC BT T M Bt O & L CHE R SNUAED &
5o £LHELT, ZNENOWKDOEAFEDEE % Figure 2-13 12777,

Figure 2-13. {b&% 1-4 ORJSHME & AOERE OB E (2-MeTHF ¥k, =)
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2-3-6 EBF{LEHE

DDA T F A= a b TNKBREEICONWT, B HbFERERICHES
WTEBET %, Figure2-14 (2, DFT 5 (B3LYP/6-31G (d)) T L 0 fiifb =
NiAbEW 1 OBIRIK 1la K OFRK 1b ORZE#HEEZ /R L=, 1b OFHET
(3. X BREAE A ERAT ) DA DT b E S L HEL s, Bz E, ok
DT 2= VEEFT Y —VEREORONRL Y M, s TIER 32 .
FETIIN 8.7 ETHoT-, £7=. 1b @ CH/OS MEEfIL. FifmiEE 1% 0.231
nm & 0.239 nm. FHHETIX0.224 nm TH Y, FOHIDOBEFRIZET D A F /L
F & SOz & DRITAFEAEHANFER O ENREB I N, ZivH o CH/OS K
FAREBAN T EDRVMEIZL TV D LB, ZOERIC L - T, FREN

EL7ZEBEZDBND,

9 0O(3) O4)

H(6)

o@ M7 ou

£oe
g

Figure 2-14. DFT #5 CThedifk L7=(a) BAERIA 1a. (b) BHERIK 1b D4
T4 (Gaussian 03 at BSLYP/6-31G(d)) ; CH/OS #HAAEM (Ffamfi)

Table 2-6. DFT #-E CTHMH L7= CH/OS R

Compound CH /OS distance [nm]

la
1b
2a
2b
3a
3b
4a
4b

0.306
0.224
0.315
0.222
0.390
0.226
0.506
0.223

0.311
0.224
0.310
0.222
0.382
0.225
0.504
0.224
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—J7C, BHERIR 1la OFFERRICER T 5 &, ARINESER a2y 7+ A—T 3
v (XX Coktfr) ZHL->TW Tt CH/OS BEEEIX 0.306 nm & 0.311 nm T®H
V. F ISR EERIIFE LR o T, O F 0 | BIBRIERICEB W TiZ CH/OS
KEMEEITENTH D, ZOMDILEY 2, 3 KD 4125V T HFRIBRICE b
AR ATV, K4 O CH/OS B2 H L7z, Z OfEHEIT Table 2-6 IZR S5
I, W HBERIATIEZ CH/OS MOMAEMAN 2L, HBRIKIZB W T
CH/OS KFFEEMNREM S bz,

PHERIRIC DWW T, & 62 TD-DFT HHE 2170, 257D HOMO %7 & LUMO
ML ZFHMm L7z, £7 1b, 2bIZIEHT 5 &, Figure 2-15 12573105 L 912,
HOMO & LUMO & TEFEESMICHD 2367z, LUMO IZB\WTE 75
FERRg T = = L EICE TR IEDTWD Z &8, RO R ORI
Tpo TN D,

Figure 2-15. TD-DFT (B3LYP/6-31G(d)) T3 L 7= B (K 1b. 2b %0 8b D
HOMO & LUMO 0% -5 /3 A
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BT, BRBRSUSDMEIEEIT L2V 1b, 8b &, RIS ML S &2 7R
2b IZOWTHEET 5, BFBRINEUSZEIRT % 6n8E 7R IKkFED LUMO OFE
EENSHICEREADYD L, A7 2b & T, 1b, 8b XL NIZE
BEN/NINZ Enb0d, 2F0, Lo TEFEENSISEZESNTH,
VI unIH I UFEEDY OB FEEN NI WD, BERRS DM
ST, TOEBT RX—L, O E T ITBIRENC X > TRIET D728,
HBABR S BEFIR O TR ieo Tz B b D,

S B2, Figure 2-14 (ZB87 % ikam 0> 6 | BBRIAI L OPARIKRIZI 1T 5 CH/OS
FHHEAFRHOFENRE I T, DF D | PARK OIS & CHRBRIKRICBATT
LHERIT, B CH/OS tHHEAFH Z Uk 2 LR H D, ZOFED, FkER
Ty Vil EOTEMACRERE L 22 B2 VATV RBERICIT DL
FOSOMENZTHE L TWD EBZBILD, ZHIUTHOWTIL, bR & b 55f
Bnb HEMIT LTV Bl

Table 2-7. {LEWOERED HOMO & LUMO O = /L ¥ —HE(7

compound HOMO LUMO first transition band [nm]

[eV] [eV] (oscillator strength)

P1b -4.3767 -2.1658 649.34 (£=0.2582)

1b -5.4886 -2.8760 522.35 (£=0.4117)
P2b -4.8341 -2.3576 585.42 (£=0.1998)

2b -5.6826 -2.8842 487.14 (£=0.3363)
P3b -5.0162 -2.4556 573.22 (f=0.2840)

3b -6.2897 -3.2991 464.45 (£=0.5180)
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2-3-7 FEEIREBOKRE

EEW 1 KDY 2 OWEOWIEZRET HZ & T, —BHUIZHLATND T E
N7 7 A3FERICE T, B—TEWARBEDOIERNBIE SN, TELT 7 A
WEEOREMLZRD D EET —X L LT, W7 AGBIEE T, 27HMli§ 5 72912,
TAEEABERNE (DSC) #1T-7-, L& 1a © DSC Hiff % Figure 2-16 (T
Y T AR & RS T 2 B 72 BVE 28 K3 80-100 °C DICEBLHI S huiz,
HIAR D N—2 T A OO RD G, 1la D Ty % 85°C L HfE~7T-, T A
AR E LT Tl 20 T OEEBCRE AR DS G L, 7E/V T 7 ZARRBD L ES
725, lald, 0 Ty RER XV LALDICE WO, BRICBWTLERT T
VT 7 AEDOTER DI SN 5, Figure 2-16 IREN 5 X 91T, HEE L -
K 1b 122\ TH, DSC #i#ENS 55 °C &) Ty RO, BERT ENLT
7 AEDTERE A FIRETH D, Flo, {LEY 2a 2OV T Figure 2-17 1277 &
972 DSC #2357, FERIS, HIfROX—Z T 14 OB ORRIE RN D,
2a D To % 115°C L g -7, 1a L0 2a DFHFO Ty dEmWEHIZ, 207 Y
—NVEOWEEIZH D, la DTV — NI, FAT7 =2 VFF T FEE T =1
HL oMy FEBOHHEEZFFON, 2a O7 Y — 5L, FmEiEEO R
FHAT 2 OB THHELZF -2\, £D7® 2a (X, Figure 2-18 IZ”7 &
S, T2 VF TV — L& 2 OORUY FF T = Ui SRR A REE 3 F
A H —/N—Z MEGEZIRD | D 3 FEHAF—N"—ZA N3FDLIITHT A
AR EE S B L7,

INLDORRENOREREIND LI . 3ODT U — IV EEERICES>Z—T
— L UBHERKIILERT BN T 7 AMEE L TEYTH B,

QD
e

150 uw

O

~

—
g
E

= T, =85°C =
~ | ~ 1
= = !
=] 1 o 1
L 2 | L Q |
g5 : g 15
T 2 I T | L I
L] O 1 o 1
© 1 =] 1
o c
w ! w !
I 1 | | I 1L I I
60 80 100 120 20 60 100 140

Temperature / °C Temperature / °C

Figure 2-16. {L&5#) 1 ©(a) BHER{EK 1a. (b) PABR{E 1b @ DSC Hhf
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T, =115°C

Heat Flow / uW

Endothermic

| | I | |
80 100 120 140
Temperature / °C

Figure 2-17. {bLA&W 2 DBIER{A 2a @ DSC ik

Figure 2-18. DFT % B3LYP/6-31G (d) Chgiift. L7-BABRA 2a @ (a) IE
& (b) MmO RS &, ALY —N—R "MEEDA A—
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g LT, ME LY T Y —xT 451 3a, 4a @ DSC #h#f% . Figure
2-19, Figure 2-20 |~ 9, WTLh, H 7 A2 FHEHT 2B EER LD, =
BEDEWVIREFESICIZBA ST, B CITEREENMESNTEERT T
VT 7 AEDBTERL T E RN, BRMEHCE S 7202 &b ho T,

=500

—— 1st scan
2nd scan

550
3rd scan

—— 4th scan
-600 -
—— 5th scan

—— 6th scan
-650 -

DSC / uW

700 -

750 L Sample : 3a
weight : 7.288 mg
800 - heating rate : 5 °C min-!

scan region : -90 - 90 °C

-850

-80 -60 -40 =20 0 20 40 60 30
Temperature / °C

Figure 2-19. (L& 3 DEER{A 3a » DSC iz

-250

—— 1st scan
2nd scan

-300 WV\ 3rd scan
—— 4th scan

-350 -

DSC / uW

400 |

sample : 4a

weight : 3.472 mg

450 -

heating rate : 5 °C min-!

scan region : -90 - 90 °C

-500

-80 -60 -40 -20 0 20 40 60 80
Temperature / °C

Figure 2-20. &% 4 OBABRIA 4a » DSC hfg
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2-3-8 T ENT 7 AED N

A a— METHRIELIEALEY 1 OV T TELT 7 ZAEORINL AT |
VAL & A AR Y B VAL A Figure 2-21 1ZRT, Z D6 #4EME X Table 2-8
IZE LD, 1la Kk 1b D7 muR/L AEEK (2.0 mgmL1) ZZFhEiasst
M (20mm X 20 mm, EE=1mm) ([ZF v A kL, 5% 200 rpm T 10 B,
RUNT 1600 rpm T 30 FPRH[EHA S ThRE L 72,

0.6

Q
S

U
SN

Absorbance
Intensity / a.u.

P —-

300 400 500 600 700 500 600 700 800
Wavelength/ nm Wavelength/ nm

Figure 2-21. UV 4 (1=313nm) IZFEHILEH L OTENLT 7 ZHED (a)
WL A7 MV L E (b) AT MVEAL; BIBRIR (B @i . PRI O
BER) . 313 nm B TICEIT 5 P.S.S (ki)

Table 2-8. {b&¥ 1 O7 E/N 7 7 AEOWRIPUFHE & w8 R SR

A max [nm] A ex [nm] A em [nm] @ pss @ Dem?
la 307 300 nd.c 0.74 —
1b 331 500 600 — 0.15
500
2a 311 300 nd. ¢ 0.75 —
2b 330 500 548-562 — 0.15
471
502

2 g pss - the cyclization conversion ratio at 313 nm light irradiation.
b Fluorescent quantum yields of amorphous state (z:¢£.).

¢ Fluorescence was unobserved at room temperature.
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la O 7 4 )V AOHHREDOWUL AR T S UZiE, IR B W ©
BELOM S R oo Te, THUTBREDOE N T 4 VA TH D Z &% B
LTWb, ZOFEART 4L 8 » AU EREL TW5D, EIZEIT HE/LK
FAREL & RFETE DN, TN EIVAIRIZ BT DB AR, KOS SRIZ BT D1k
B LR CTH D LBl LT E . T OBEO 307 nm OWOLEN S | FRIE I
70nm & BFELNTC, 1la DT 4 VAL, UV 7 A FREHZ ISR OB AIZE T L,
500 nm OWINH2MER L7z, £ LT, #9307 nm (Z AR AR SIS BLRT S 41
oo ZHUITENALT 7 ZRRETH 2 B HRD T+ 7w I v 7 KISHET LT
ZEEEHRLTWD, ZOAXT MAEBIE, FELE AR THY | AL
FTFTIEART MVEEREZ 5720, la D7 4 VAR EFIREE TEAS
H72BED 500 nm OWHE S, a7 72 1b ZHWTHIELZT /L7 7 AED
1b ® 500 nm OWIE L % — B, FEWIUR OV CHRRAL L7- 1% CThiig 3
HZ LT, lanb 1b ~DEKEBEEK) T4% E5HE Lz, 1bI1XIE & A EHiE
BRISERE RN, b LB AW -2 TR —HRIOEEE a7
A—a v (CoxtPl) ZHUX, Z ORREBBIIERT O L 512 100% & 72
%o KHEFIRBIC I T D NN 3 2 7KL, —EED D DI ARTE
Pelpa 7 x A—a (FF Cokfie, 2-3-2 IH Figure 2-3 ) #5729
ThbH, Thbb, TEILT 7 AFEHORK 26% D552, FEEABR I RIEM:
AT A= arERo TN I ENRBREND, TENLT 7 AFIZEB
TZOXI RSO NELT DX, HRICMED R/ D0 FD a7 4 A
— a VBT ENANT 7 AEPTHERESIN TWDHT-OTHL EBbnd, £t
2, BEEREOS S, ERE= XL —BH) (XX —~v AT L —Ta ) R
BFBEV R EOFRMEEM G, LS L RS T2 RKO—2>Th 5 WHE
MDD 5,

FTo, WAL FATIE, UV 74 MREHZEST 1la 25 1b ~D Y
LT L, 600 nm &5 i KIE R &3 2504 (i E=500 nm) 723EEEHY
IZHER L7e, P.S.SATHIT AFEMIEEIL, 500 nm D% 4 FE RS L) 7=
THREIHES N TV, HEAIK 1b OT7E/NL T 7 ZAEOEOEEFICRIZH
15% Co > 7=,

IEEM 21O TH LA 1 L RRRREREZIT o7, 1 LR UM TRUEL
7AbE 20 DT T 7 AEIX, BED 72— 7oA O T, BRMEE THL
B D RO ER LT, TONILT T ELNT 7 AFEOWIN AT h VAL
EHH AT MV L% Figure 2-22 1277, 2b OfEIE 498 nm % He KWL
R LT 2RI 2D, 5648 nm DIEEH T, T OHLEFIERITH 14% TH -
72 2D 2b OB AENRE 25T Z & T IR O AT MVIZEERI LT 2a
DA DO A 1572, Figure 2-23 T/RENDH K912, BETIEREEICERAIES
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DI D> 72, 2a QBT AT RSEEICRINE 2R S 3, @b RS2
Modz, TOJEMA LB UV T4 h&BRET 22 LT, BHOVREK K fER
DOWIMAFDHIR L, B IR L, WINA~Z FLbid 289 nm (ZFHEWI R A
FOTD 2RO 7+ a3y 7RIS T /A7 7 ZIREET § Al
TLIEZ ERFFS NS, 313 nm M TS PS.S OF AR L,
HPLC %\ 72387 (2a & 2b DIRAL) 2D, HEHRITIN 75% Th -7z,

a) 0. b
) 0.2 — )
----- PS.S 2
§ N T 2a -JGC—)J .
O C 5
£ 0.1 =
3 §2
a] w0
< o
O L \‘-_-'F— - =
300 400 500 600 700 800 500 600 700 800
Wavelength / nm Wavelength / nm

Figure 2-22. UV 4 (1=313nm) IZEHILEM2 DT ENLT 7 AHED (a)
WL A7 MV L E (b) I ART MVl ; BIBRIR (B @i . PRI O
BER) . 313 nm B TICE T 5 P.S.S (ki)

0.4
. - A 330-385 nm
3 A
o 0.37 v V¥ 469-490 nm
~ v
8 v
c 0.2 M
© 2 v
R
§ 01 [ : ‘v
3 : S .
0

0 500 1000 1500
Irradiation time / sec

Figure 2-23. JERREHIE DO (LEW 2 DIED 498 nm OWLSEERREFZE(L ; UV 3t
330-385 nm MR (R =), "It 469-490 nm FREEE (FA=4)
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2-3-9 TENT 7 REODENNNE—=F

INE— I N TS 7 4 h~ A2 (Edmund Optics, quartz test-target
1951 USAF) #@ L TUV 71 RS (1=330-385nm) % fiti L TR L7241k
B 1 OTENT 7 AREO N Y — = 7 O Ei il & Figure 2-24 |Zt, W
U7 7T IXHMICRBAICE R SV, ZOEA I OARBPEAFRN
Lz, ALEW1IE, 70 nm OREO T /L7 7 AREIZEBWNT, @z b
T A NIRRT —= 0 T EFEBIET, £, TORNREIT A XL 5
e R EEIZ B W T HRE Th o7, o T LAY 1I%, S A &
ZIgitdk s L CHER SN D R 0BRRASEREM B ORI/ D L E 2D,

— T ALEW 2 DT ENLT 7 AP ONT H I F — = 7 EBR % Fhi L
7z, Figure 2-25 |Z/RENDEEIT, TENT 7 AREHEFEOSETHZIZT + b
~ A7 &l LD ATV, eSS m e —= T DFHETH
e ZOXEITALEM 2ITONWTIE, HMNRNF—=2 T DAL v F 2 7D HE
Tho, T 2 EICERENBRT 5L VI T AUy MIHDHD, ZOM
BAEIEN LT, FEANE —=2 TEESW L BN ~DICHP R TE 5,

a) b)

Figure 2-24 (bW 1 DOTENLT 7 ZED (@) A AAZ —=1 7 L (b) w3
Z—=r 7 OEH (HgYA X :2.2mmx3.4mm)

Figure 2-25. kA2 DT ENLT 7 ZAED (a) A NZ—=1 7 L (b) H#E
F—=27DFEHE (HBEYA X :2mmx3mm)
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2-4 FEE

AREOMIETIE, 3 OOFH~AFH MU= AMbEM 1, 2 KO3 2AKL, £
D7 b7y 7R & SO AR Lo, £ 6 OFABRK (7 m~F i
T UIERE) X LK L, T OE N ETIERIZE N E I, Pem = 0.34,
0.36, % 1*0.036 TH o7z, ILEW 1 & 2 DHBRIKD ey MHDOMNDHEY, 7
o TEEBELEY LI R T U R T S VF T S U 2 B D LT T
WEMNEAL S AL, PABRIRAR DOIRENISTE DS HNH] S 41, FEHEN 10 584 B L
LiCTl, 72 VTF A7 2 R REERZETAILEM 1 & 3 1%, K
BRBUGHEDRD TR S (Peo<10%) | HRMACSISIZIEAR Y TH o7z, ZD
TEML, RV FF T2 VF RV RET 2o VTF AT 2 VAR RICE
252 LT, BBRIRRE DT HIRMENBRE S v, BRERG 236 Cii < #iil S b
Cim e, £, 7R I7AX TV RE—T U=V F 1 AR 21E, GWHTT A
WRBIRE 2 AT 5720, BERT TN 7 AFENEAL S 1L, £ OELIREE T $ BHK
B MAV S R L2, T D7V 7 TEILT 7 ZAEICBW T, BRI X 25
A RTARNRENNE —= T hRER LT, RXE—= T LTt Em 1 O
JEARREIL, AIARYEIC & DR 72 I B W T LM CTEE TH - 72, D XU,
T RIAFY RZ =TV — VU VFERN, BHERE0OE X — A U ERECH i A
Ay TF IR EATHTENLT 7 AMELE LTHEEITH D Lia Uiz,
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F3E IR ERA(CA R RT U — )T TV —

IV EAR

M. Taguchi, T. Kawai, et al., J. Mater. Chem., 2011, 21, 17425

A ) | ol el o | el
% * t Z_Q
o o

o % 0"S°o
Phenylthiophene = *, Benzothiophene
‘."J*,p‘. T é
Irreversi_ble_ 0 2 4 6 3 Reversi_ble_:
Orange emission Time / hour Green emission

Figure 3-1. Yo\ —= RN H — AU MEIERN AL v F v T8
AIETCIL, 72V TF T T2 RERNUYFF T2 R L, WEDOE
FRLZEMEDENE HWTEFERIRESDRSHEIZ DWW T Uz (Figure 3-1)
W, Zo k512, B0 FiWEEZAT 57 U — VKL S FHEICEANTHZ &
T, BFRIREUS DR KIE K OB RIS DS EEZ 2> hr— &, %
FRCBIER 74+ N7 v v I 3 TORGHIISHT 2 Z ENAEETH 5,

T+ b a Iy I RIEDOT U — VEARFMEIZE T 24%81%. 2 E TIZE <
WE SN TN DR R RIS T 2 0 FaxFHI DWW T OMFEIZ I W T,
B EBOE 9 LT R T CE 7=B5l, — 5T, KIS OFEMEICEE T
HIFFEZOWTIEHEVER SND Z /el EGN D20, ZOHFTYH,
HZV TN F e raXe T a5 7 )=V T R 74+ 7 a
v 7 BN TIL, EOT U — VOB N EWIZ L JERISNHRO T A3k
HEEhTWaE, Znik, 7Y = EoRENREWVIE E LUMO & B ENS+
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PRI END T2, BFEBRIREISIZBIRR T D IROS FR 3E D FE A5 FE DN
S RDHTEHThHDHEEZLNTND

B N ) %= /7U/\/T/;ﬁ7j‘ cruaIy 7B TiE, £0
2OoD7T V=V EEIEFFNTH A G D @352 < . 0N EFIH LT
WD AL v F v THEREIL, BRA R B~ DICH BB S TS 2

— T, 83 2DT V= NENLLZ—T V=LV R 74 rm y&"%
1%, S OITHEHF T DOIED AL v F o THEEE 2 IB1ERI ﬁbfio@ )BT AN
RWZER IR SN 26, L LR s, Zoffthmodegks, 7+ a3y
s & OBARMEIZ O TIEH F @ﬁﬁ@?éﬁ“(b\ﬁf))oﬁo Figure 3-2 (Z/R& 7L
L8 ERIERFROST V=T Tl TOT U —)VE & A Nz
THIRE—DTFTHLHIN, Z—T V=L DOEE. BTV — LV EE2EA AN
Az 720 FIER D+ Thd, D, 74 7 a I v ZRHEICHEWRAET
HETRIND,

a) b) Acceptor
rEFE
FLLF
Donner /S S\ Acceptor Donner Acceptor
FPFE
FLLF
Acceptor /S S\ Donner Acceptor Donner
Identical molcule Different molecule

Figure 3-2. @Y7V — N7 tMF—7 V-V ORARKOrIED A
A—3 ; Donner/Acceptor (L[Al—: % #5135 7= D
3-2. WHEBRIE pFExEr

Z—T V=L RT 4 b& IV IFD 1 DOThD, 7= FTYV—)L
BREPLDEICAET 20 FIZBWT, FBRIREE (7 mAf U URE) T

THERE 2 ﬁﬁﬁlnﬁé%@i@&ﬁ%ﬁbéﬁx ZOREIT IO TTF T —ILEED 4 u
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(NJFAHAD) OFT V=V EE~EN D, FZTARETIE, 722V F 47 = 5
ERTFF T 2 ORI 2EEOT ) —NVEAETFT Y — VB 4\ 5
PR BICET DX —T U —L 3% QEHZIS L& 5, KOMbE 6 2B L. il
FhRWET 22 LT, M 2 S ondtERa2BT 564 —7T UV —L U0 1faD
%%L%Wim:ob\Tﬂ?ﬁ’aﬁﬁﬁzﬁ:%ﬂjﬁ“; ExHRE LT,

5 FEXE

AT CIR_72bEM 1 LIk 2 DA TV v Rt a#et L, 77—
%@4&(Nﬁ%m)m71:w%ﬁ71y9ﬁ#/k%ﬁ#éké%%ké
¥ ba, 5L (SR IC7 2= VTFH T2 UFFY RNERTH{LEWEA
aW 6a Lt Lic, TORBEKDIESHRT + Fr v I v 7 5 F b EZNEIHH
{bEMmThH 5720, {LEW Pba, {b&¥W P6a & L, ZNZEh, 7 ==/LF 47
TR UBT ATV KON T F T 2 U RA R BT AT )V E VLT,
2-Phenyl-4,5-dibromothiazole & DR —"EH 7 2 A0 v 7V 7Kk % Be
FINZATV, B L THE L, 7 b 74 F v MEOBLEIGIE, ek &Rk, £
27 a oz BEW (m-CPBA) 12X V1 T-7-, (Scheme 3-1 X1}, Appendix
ZI) AL DA R TRIT 2T, BEOHFR TITo 72,

P5a

P6a

Scheme 3-1. HiKADO 7+ b7 v I v 7{tEY Pba, P6a it 7 F T 4%
KbAEY ba. 6a Z LT 5 Mkt & . BRERERED/LAY) ba, 6a & FAERINTE
DAY Bb, 6b L DD 7 + b7 v 2 v 7 RO
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3-3. MRLEBZE
3-3-1. BHAR-BRA Y7 VTR K BIENHRELF DOARTFE

4,5-dibromothiazole i, 4 iL& 5T REEZHTDH, BoAR—EH L >~ 7Y
VRO TR, R i EAT 57T U —ULAEY R-BOH, & v 7 v %
BT257 V= baW R2-X & OMICHFEGZER L, R1-R2 &\ 5 Fiiz (ks
MEERT AL TH D, ZDOT UV —IbEWHN 2 EiTic e =687 548
. BEELT W (pKa O/hEW) ~a OB E O T > 7Y v T ROSH
IR Z %, L<ITbNEEKTIE, a— &7 ueE0 pKa Z%FIH LT
BY ., I— FOBEBES TRIICHEFES DB SN D, SEIOF T — /VERIF
TNHR LT 0T THDIN, F7 YV —VEOEA., EEIC SHl (541) ORE
T (RS Dimvizd, SHIOERRAL (5460) BEATLTH 7Y v 7 B
FERITZENTHRIND, ERERIC, SERET 5720 T ST S E %
BINMIZHII T Z 2725 90 D, 400 E SALD 8B b OB BT HT 7= 70 HfE
ANERENTEZNZFMT 52 L1Z. NMROT 7 =y 7 THEXHES L ED
WO, SENEEDORENRL IR o, FEERZ L2, AW Th 5 IERFRA &
—7 U —L U DOHEEENEONTZTZDTH D, ZOMENS, i ETHREND
R FTY—=BED Sl (5AL) TH v 7V o TS EIRANCHEI TS5 2 &0
HOMNZR o7, A% OSFEFPaMLV— MO —&EZE 5 & Bb
o, £lo, YEMET L2 LT, 2BBOMAKR—EHI v 7V RIS ED
Ry NCHEETZLICHHRIILTEY, G772t XDOEMEIZEN > TWD,

3-3-2. X RELFE S ERRNT

AIE TR _7Z Y . FERHM A —T U — L 57 Pha O HFESLA, ~FH
BRSO E > TE O, ZORMES 2 X SRS A S AT CHENT
L7-fESR. Figure 3-3 I REND L) LTFEETH DL Z &b oTz, 7=
=N ETFT Y= EREDRIORT Y A (S1-C1-C4-C9) 1T 17T ETh -7,
HDF 7 —VBRIZET D S T & N FEAEZEnEi, 0.278 nm & 0.260
nm OFFECHRD 7 x =V IKITBET 2 KR FEFITEEL TWD, it &R
F® van der Waals ¥-£DOFf1 (H-S=0.305nm. H-N=0.270nm) XY %\
ETH 5, CH/IS KT CH/IN OFWVKFERGFHHAAFEHDBAE L D721, T
TNV ETT Y VRDIDEEEE T RS LB A NS, Flo, RN T AT
T VEROKFZEET TV —NERO SR L ORI 0.303nm, 47 =R 4
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ﬁ WZHTe D AT NEEOKFELETFTT Y — VRO N JHT & OFEEEX 0.2563 nm THh
. WTN L KR T D van der Waals 2RO LD bEL . 0 FNMHAEERN
icti‘ob T.ZDaAr T4 A= a UINREEMETHHZ Enbing, fiE 2-
BBETHLIRARTEN, ~AFH R RT7F b7 v w7 5I2id, RIGHEDR
2% 2 00aArTHA—alrPNbbH, ZOTOLE, ~FH R UMD
D CoxfHRBITH LT, SERINEMRa L T x A—a LR 5D, i?‘_\ I
i RURFERREDS 0.4 nm DL TFOHE. Y OZF ORERKIG & FICRITIZE
100%1272 % Z & DS STV AL, Z D510 i R B R EEEE (C14— 020)
130.384 nm TH L2, fEEIREETT + b7 v I X LEZRT,

Figure 3-3. {t&% P5a Ot ORTEP

Table 3-1. {L&#) Pba OffabtEE 31T 5 &R 1 D EaEf

atoms distance [nm]
C(14) C(20) 0.384
S(1) H(9) 0.278
S(1) H(16) 0.303
N(1) H(5) 0.260
N(1) H(30A) 0.253
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3-3-3. HiIBEAP5 & P6 ODPEHEL 7+ b m I v I Ktk

Y R OBIER AR Pha K OY P6a IZEC ORI TH VD . T OIKIZ UV
74~ (A=313nm) #MH+25Z LT, %h%“m%if}é@jaotfﬁi IZEBT
52 ENEIR STz, Figure 3-4 (2 L7z X 912, BHERIAD P5a K ) P6a |3 7]
P B IR SR & R =720y, UV 7 A k,ﬁl’éﬁﬁ’ﬁ I% 400—700 nm (ZHr L\
WA S 2 B — 7 B & iz, (LAY P5 KON P6 IZIZE i, K DY
JAOY 287 nm KON 292 nm (2R BT, 2D D, Figure 3-4 (o), (dDIZR L
2R T7 4+ M7 vy 7 RISHNEMT Hiviz, BERE Pba &1 P6a DIFHIK
iUV 74 MEBRE L, FLRRZREME% ., HPLC (% Fiig=F /1
RO (282 BRI 21T - T, PABRIK P5b U P6b #1572, PALRIK P5b
KON P6b Db I, B v o kL ARk 'TH NMR CTRE L7z,

L
O
—

&l x104M1cm?
elx104M1cm?

O | PO . O ) L ; . >
300 400 500 600 700 800 300 400 500 600 700 800

Wavelength / nm Wavelength / nm

c) = d) P =
F
@ o, | @ T, 28

S°N Pu— S™N S™N — S™N

Vi Vis.

O /S\ / IS. O /S O \ /S\ O IS SS\ O

P5b

Figure 3-4. RiEEA(a) P6 K UN(b) P5 O~ H IR T OWRIN 2~k VEEAE
PRERIA (F &) . PABRIR GREZER) . 313nm S T2k 5 P.S.S. (k&
SR &L RIBRAR() P6 K& TNA) P5 DY AL S A
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Table 3-2. P5 X UNP6 OWSEHEL 74 b7 v X v 7 5k (~F VU 9E1K)
A [nm] (¢ [10¢ M em™1]) A pss D o ? Do
P5a 259 (3.30) 0.83 0.66 (+0.01)
328 (1.45)
P5b 306 (2.46) - - 0.069 4
402 (1.05)
577 (1.33)
P6a 279 (3.19) 0.84 0.58 (+0.01)
325 (1.43)
P6b 289 (2.71) - - 0.124
407 (1.12)
569 (0.943)
2 g pss - the cyclization conversion ratio at P.S.S. with the irradiation at 313
nm light #at 313 nm ¢at 546 nm

L& P5 e ONP6 O E 7+ b7 v X v 7 K% Table 3-212F & &
2o A=313 nm OXMH TOXEFIKRE (P.S.S.) IZ81F5 Psa b Psb, &
U P6a 7>5 P6b ~D AL MR a pes 1T, T ZIVEEE L 72 FABR{AE P5b KT
P6b DIETE D A max DO Z 100% & LT, £ DT Z2 Al EOEIRE TR S 4
THOHHOPS.S. FT UV NI L2 DB ORI D A max DRI & D LLEET
FH L., 83-84%Th D & AfELNT-,

BABRIK P5a M Y P6a D PABR S B IR @ o 1T~ H IR TENEI,
0.66 %X 0.58 T -7z, Pha lZ oW\ Tk, #EsbAEED eI RS 2 LD
72 (3-3-2 HZH) . IR CTH Z OREEN R S, HAE W Do 7R LT2
EFEELT,

AR RREHC Ko T, BHBRIKR P5b &KUY P6b 13524212 Pha K TN P6a ~ & A
i U7z, PABRIA P5b J O P6b DBHER S ETUNR @ o XN E 4 0.069, 0.12
TdHo7=, P5b L P6blE. WIT NG VT2V F A T2 R FF T 2
EE21oTof(8TH0, #ELE F7 V=080 SHlE NMOT U —/LEAN
FWBRIZ B %, & DN T SEBUSED ] 5 M E e 5, PABRIRIZB N T,
BRI, nBFOLERF T —LEBEO NROT VY —/LEITIERT WS,
ZTONMPNZ T 2=V TFFT7 2% HT 25 Pob DO DS, NRNZR Y FF
Tz ERTHPEb DD LV H/INE, ZOZ s, e oyEn Yy (g
HE) N7~V OB FRIRKSIC, MSEETLEEIOLND,
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3-34. THEIFAXTVRNILEMS L 6 DENAMEL T+ Mo v I v TR

vrnrnu AL (CHoCly) ¥R DOBHERE ba K1 6a ITHEADHEK TH Y |
ZOWRIZUV 74 b (=313 nm) ZMHT25Z LT, HAICERINT,
Figure 3-5 (b),(c) 12 R L7 X 912, BABRIKRD ba KT 6a I T A1k = FE I Z WX
WaEEF-72 0, UV 74 BRI 400-550 nm (287 LW RIS BRI & h
Teo ALEW B KN 6 IZITZNZE AL, KA OFERIUEDS 292 nm LT 298 nm (2
Ronf, 2oz s, Scheme3-1 IR L2027+ b7 v 7 Kk
DELHT Bz, BIERIKR ba LN 6a OFHRIZ UV 74 R &ML, H6 LR
TR & B fEt% . HPLC (% /il = F WRA TR 12 K D BB Rl 247 - T,
PHER{R 8b e Y 6b & 157-, & LT, MR 5b KU 6b Db FHEE%L . 1b X° 2b
AR, B2 v a ARV AR C TH NMR 23tk & - CIRE L 72 (Appendix £
H),

a) 4 b)
ES3 £
o o
= 2 =
5\ S
i —
X 1 x
© S
O e, . . h | * ., .
300 400 500 600 300 400 500 600
Wavelength / nm Wavelength / nm
c) 4 d 3
£ £
o (&)
= =
< <
o o
— —
X X
© . S
300 400 500 600 300 400 500 600
Wavelength / nm Wavelength / nm

Figure 3-5. CH:Cla &+ D (a) 1, (b) 5, () 6 & UNd) 2 DWILAT kLS
b BABRIE (F ulkdi) . PARIE (REFERD) . 313 nm MUH T2k 1T 5 P.S.S. (fk
=NV
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LB B N6 ORIEHEE 7+ by S v 7R BIEOLAEY 1 KD
2 & & BT Table 3-3 12F & /-, PABRIK 5b KT 6b DI A~ MVE, £
5 ORITER ALY F- P5b )2 X P6b (Table 3-2) & H_T, HLL 7 L—y7 ML=
W 2R LTz, ZO7 0 —27 MMM, piEO/LEY 1 KO 2 OfFM
LRI TH D, ALAEWE KRDN6 DT )—7 KO SWTIE TD-DFT #E 0
fti g (3-3-5 IH Table 3-4) 7D b EAMFT HN TV D, 4=313 nm OHBE D
JEFIRRE (P.S.S.) 285 ba b 5b, KN 6a nd 6b ~DIALFER R g
pss X, HPLC W70 H1EE 100%CThH D & RO, ZHUIARA
HEMALROSZ R LTk & 1 (RIS LR T, 2100 OIS ETIX
D oo RO TIRWNWZ ENRKNTH D,

Table 3-3. (LA 1. 2. 5 KTV 6 OWSEREE 7+ b7 v 3 v 7 Fp(CH:Cly)
Anm] (¢[104M1lem]) @ pss? D oo b D ©

la 304 (2.46) >0.99 0.25(+0.01)

1b 325(3.64)
491 (1.65)

5a 292 (2.00) >0.99 0.24 (+0.02)

5b 320 (3.86)
486 (2.30)

6a 306 (2.25) >0.99 0.18 (+0.01)

6b 324 (3.28)
470 (1.90) - - 1.8 x 1044
493 (1.90)

2a 303 (1.84) 0.96 0.55 (£0.01)

2b 320 (2.61)
460 (1.65) - - 0.033
488 (1.63)

2 ¢ pss - the cyclization conversion ratio at P.S.S. with the irradiation at 313

<1.0x1054d

<1.0x1054d

nm light » at 313 nm ¢ at 432 nm 9 the samples were flushed with nitrogen
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BAER IR Ba J Y 6a D PHER IS & IR @ oo 1L CHCle IR CTZLE T, 0.24
Kr0.18 ThoTo, WAL LIRS F Poa LU P6a (£ ZI @, =0.66 K
U@,.=0.58) % FEIDFERTHH-T-, ZOMEAME . FIEDOLAY 1a L 2a D
BRI EIT WD, gD 72912 CHoCle IR TR L 72 f55%. {LE&® 1a K
22 DD oo (FZNEI0.25 LTN0.55 TH Y, ALy 1 Pla KX P2a (ZhZ
Do =0.60 XY 0.58) X0 LIk -T=,

&% 1a LT 2a @ 2-MeTHF K (ZNEN @ = 0.23 LT 0.46) &
CHClo i (2NN Doe = 0.25 LTV 0.55) & OIESIMEDZEIL, AT Tl
HONEENRICL DD EEZHND, Z OB R, PABRIK DL
RGBT ZEIZERN TS, (LB 2b D@ 1. 2-MeTHF &K+ T
I% 0.024. CHsCle & TlE 0.033 THHo7-, 2b DHENLEETIVERD o IX, 2-
MeTHF i+ Ti% 0.837, CHoCL I H TiX 0.29 TholoZ &b, 7 7
Fx Y MMEAMIZE T, WIS L IE T 2 & 3R
ENb, LInLRRS, ZOBEBNEEZILEY 1b D@ o fH (105) O X 5 7ok
Bl A — A — T I Em T 2 2 i, WEL, R#EETHD,

20 D Do LV Y 1a D Do DITHPMENZ DS SEROTEMERIAE1E DHEEF AN
LI RDOET Y = VEREE LT WEBR L, 7Y — /LR & ORI ORISR
BEIZOWT, XY F AT 2 VARV PRIV T2V TFF 7= UFF
VREDOFPPNENEBE LT, 6T 1a OfifmiEE (ATE 2-3-2 I Figure 2-
3ZM) o, N7 U — LV RERITEE S NG 2 SHNTEE S enizd, S
IO EHRFEEE N/ NS W EEBE LT, 2 HiE 1a LT 2a OIRE [ NMR HIE
DFRERENS B EATT DN TS (RIFE 2-3-4 THEM), b OB EMRALAAD
WA, PABRRILEFINEER 2a>1a=6a>6a E W IOFERICR ST EERL
776

BRE ] O AT RRSTIZ & o T, CHoCle I8 DLW 6b 1355 421T 6a ~ & 1
WA LTz, PABRIR 6b OFERKICE IR @ 1% 1.8x104 & BAFE AL, AIBRAR
57 P6b (@ =0.12) LV HLEFELIEWMETH 72, —FH T, (LAY Bb I3,
B oG TS 2, AW 1b DX O I27+ b7 v v 7 BaKE
(BHBRSES) ZIE LA ERS D o7, ZDBRIK Bb @ @ 13, CH2Cl 1R
DILAEW 1b LIZIEFRE T, BB L Z 1.0X105 LA F & REOLNTZ, @ 23D T
W=D fbEM b & ETo, FE L AR ERISE R IILEME S %
Ao ALEW Bb L 6b T, WITNE Tz F AT VAT REER YT
72X REE 1 OTOETLHN, MELE F7Y— RO SHlE N
MOT V — VNPT WEIRIC S D, Z DENTZT T, SIS MED 5 Iz B
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%o PARMKIZEBWT, MU HAEICH, tEB T ORENT T Y —LEDO Nl T Y
— VHNIER TS, FONPC T 2=V F AT =P X RE2HT 5 5b I
fD THRW@ oo Zon L, FHE L, ba OE~NKE Lo, — T, NNz~
VIFFT 2 VA XY REAT D 6b L, W2 ODOR Y TF AT 2 UF
XU REHAT D 2b EEAFUE, D720 Do 1T/ S WA, 6a DIEE~RY | Al
RICEMACEOS (74 oIy IR R, 2OZENL, 7Y —)b
REBKICROZ =7 ) =L fONRRKISIE. €D NROT U —/LHED
WHE (2ROl EE ) [T RESEBIND Z R I,

3-3-5. BT LFHE

{bE® 5, 6 IOV TE L TFEHEEIT->7-, DFT & (B3LYP/6-31G (d))
2 X0 I b SN R L ERMIEIZB VT, & 512 TD-DFT 3% %217 - 7=, Figure
36IXZDZHXNF—HAT T T L ThHDH, FAREBOTDHEERID N FF
¥ IR T b DI, PARKDP RS & 72 0 e Lk S s 2 & T
FTHRER LT R0 THY, Z< D74 Iy 75l TTED
i Ch s, TOMDEHRE LT, 7TV —IVERRU Y F AT 2 P4 Fy Nk
MOET 2= VTF AT VXY REANEESHWDDICONT, N REXy v
DL o T0D, TS FOrIENRSRDT-OTHLN, ZZTHEAL
VWD, 7=V T 7 2 O REOFNRR T T =2 U F
REID BHERRENE W JTHDH, — KT, FA7 = VRICEBEL (22
TIL 4 fEDAFNE) BHDGE. 7 = = )VEOKFERF & ORI TINARFE D
U AED, FA 7o gl 7=V OBOREYANRKEL Y T —
JVEES I IAEIE TR 25 10iZndFITH £ VKRS N, L LR L,
VARV NEOMBIR TN T == VEKOKFRFZ2 7 v 757D, 2aly
APNNEL ) RV TFF 72 VBV DIEENRELS oz B BND, FF
IZPHBR IR OAEE TIX, N O T VU — I Or B 367 17 & BEGF IR & b
7o, BbDFB6b LV b FE Y v 7/ ELleo7 (Figure 3-7),
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Irreversible @ EP (P @ Reversible

SN SN SN
f’\/’ﬁgc C j)/_&/ \J \/41)/_& \) \ j)/_\// FD
L, ® 8
0o 0o OOOO'—-' OOOO OOOO
Compound 1 Compound 5 Compound 6 Compound 2
X b /
— 1a(open)
1 A/
— 1b (closed)
—2 ——
— — f— — 5a (open)

> _3 | | I ||
()
— RY NN NN A A = 5b (closed)
a -4 _<,)‘b . ™ A2 A0 ‘S\ N I
5 R R R S R A R & — 6a (open)
c -5
w — s— — — 6b (closed)

-6 [— —

o [ — — 2a (open)
-7
2b (closed)
-8

Vertical

OOO OOOO

Figure 3-7. [MB{& 1b. 2b. 5b. 6b D41 Eo#tFm( L) & T m(F)ICEN)
LA A= ;v 7GR, 2 RAGE., va— hE)
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FHER (R 1b, 2b. 5b & 6b @ HOMO #(73 L U LUMO #EALIZ BT 5 E 1
B %, Figure 3-8 I, B EIRRIGIZERT 5 6nE - RIKKZDE
BENMIZERZGDED &, EHBRRICZ R TILEY 2b (D =0.033) &t
T, 1b, 5b K Tr 6b IFH L MNTEFHEEN/NS, ZOEBEFEHEESMOMT
%, RA[F7e 1b, Bb & Alifi7e 6b OFEMREEOEWE BT 5 2 LITEE L v
N, 2O 6rETRIRBOBHEEN/NS WD, K> TEFEBENG &
BZEINTH, V7 a~dF U OB FBRRMGMES LT, Z0@EB =31
F—F, W ETITBIETNIC X > TRIET 5728, 6b 13 2b L &R
FOSEFIEMELS hole bBEZX BN D,

Figure 3-8. TD-DFT (B3LYP/6-31G(d)) T#F5 L 7=k {A(a, b) 1b. (c, d) 5b,
(e, f) 6b 2 V¥(g, h) 2b ® HOMO () & LUMO (L) O 5 EN A

Table 3-4. {L&# 5. 6 ® HOMO & LUMO @ = /L% —¥Eff

compound HOMO LUMO first transition band [nm] (oscillator
[eV] [eV] strength)

6a -6.231 -2.442 374.35 (£=0.0594)

6b -5.573 -2.870 506.55 (£=0.3388)

5b -6.095 -2.465 399.23 (£=0.0398)

5b -5.563 -2.917 508.58 (= 0.4869)
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3-3-6. 7T hT7AXY NMLEM S & 6 DENFEILFE

%2 DPABRIKD A max 138 L 72 B & O "I T S ¥ 721bEaw 1. 2.
5 & N6 O CHoClo 3wz D8 e A~ V% Figure 3-9 (Z~3, UV 74 b
HURIZED, 20 OEIROFE R DR LTz, 6b OFEARIKIL 560 nm % ¥
H KPR & UMW E2 R Lin, Z OREH X AT 12k~ T
AL, UV A4 MRFHZ K o THUHE KR L, 202 b, iy pEt A
AT ITHREEA T H 2 EDRB I NI, Bb OF BIRIKIT RGO E R L,
R RIL 567 nm ThoTo, TNENDORIEHRKIEE TE=4— L7l
AT MTEWT, #8735 PARKDOWRIN AR R U —F L 72 bk 23w
STz, K2 OEMFENFHED E & % Table 3-5 [ZR7,

a) b)
S >
© ©
~ ~
= =
7 7
c c
2 2
k= £
— —
o o

500 600 700 800 500 600 700 800

Wavelength / nm Wavelength / nm
C) d)

S S

o o

2 Py

£ £

c c

2 2

= =

- -

o a

500 600 700 800 500 600 700 800

Wavelength / nm Wavelength / nm

Figure 3-9. UV(313 nm)HHIME S @A~ hZE b, (a) 1 (1.0x105 M),
() 5 (1.0x105 M), (c) 6 (1.0x10% M) and (d) 2 (1.0x105 M) (CH:2CloiA#EH) ;
i EITEnFn(a) 490 nm, (b) 470 nm. (¢) 470 nm. (d)460 nm

A DR DPLIRIZ L - T, WINARYZ RV ERIC LD IZ8mEART h v
EEY 7 M oEmNn R oz, BARK 1b, 2b, 5b XY 6b OE & I
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@ p1, 1T CHoClo IR CTE LA, 0.32, 0.29, 0.31 XTr0.28 THY ., T
bHEAEWETH -7z, UV A MRIHIHE-S T, BHBRIE 1b LT ba DOEE
PR DTSR AT EICIR L, OO RIRITHER Shied o 72,

Table 3-5. {t54 1b, 2b, 5b, 6b DHEF A (CH2Cle I HY)

Adexlnm]  Apn[nml @pL2  rpu/ns k/107 s kn/108 s71
1b 490 578 0.32 4.1 7.8 1.7
5b 460 567 0.31 3.3 9.3 2.1
6b 423 560 0.28 3.3 8.4 2.2
2b 400 543 0.29 3.7 7.8 1.9

a PL efficiencies at room temperature; the sample concentration of 5.0 x 106
M for all compounds, 1b, 2b, 5b, and 6b.

i

4K

ERRERERTEIRETELS0Y

11,
¢

*e
A4 .02
0 2 4 6 8 10
Time/ hour
Figure 3-10. A/ (1=432nm;0.32 mW cm2) OHEfGEHH 25T 5 1b (red

circles), 5b (orange squares), 6b (yellow trigona) %2 " 2b (green rhombuses) @
A pr, OFERTRECFEOCIREE (1] L) ORERZE L (CH2Cle Ik 1)

ALY (A ex =432 nm) ORI IT 5{LE4 1b, 2b, 5b K TN 6b D
3 EFRE DR 2 & Figure 3-10 (2”7, 7V —/VEO NI 7 ==/
FH T 2 VAX Y REEZAT S 1b KO 5b 1%, A e FIicB VT
D CTLREREITNCEAMTE Lz, Lo Lans, b, 77V —1EBEDON
R FF T2 VA FY REREZAT 5 2b LT 6b Tid, BARIKE~DRED
D74~ v w7 KISIZ X > THENRE NP LT, Al Tidd 528 6b 13 2b
LI ENRVESHNBELZMERELZ, 202 b, SHOT Y — /i ik
BNZERIRT 2 2 & T, 20wt r i cE s 2 R LT,
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3-4. #Ei

ARETIE, B2 2HOT YV —NVHKETT V) — D 4 L& 5 IR AIC
B4 AT T A K2 —T U —L b 5. (bAW 6 2B L., i
FaT 52 LT, Mt 2 o ek rzf 3564 —7 ) —L U H
DEFEIRSUNMZIBE L TR Uiz, #—7 U — L U ORREIE, #EME 2 HFIicnE
T OB DN DD, ZOREFMOLBNTT TV —EED 4 i (N JFE|) o
T U= VAR D, W LT RER, A7 2=V TF AT 2 A% R
HT 66 5 13 A (D < 1.0x105) Z/R L, 4 pLIC_y Y T4
T VFXY ReFT AW 6 1L (Do = 1.8x104) Z s L7z, HER
HKIZBWTEY RVt R A2 FE TS5 7 2= F 47 2 VFF S ROFRAR
YIFFT 2 VA FY NI BMBEREIGA LV R Il S SR S
AU, RIS FIHMEZ MR L oo m e FrfitE A i cE 2 2 L2 R LT,
(Figure 3-11)

Irradiation time / hour
Figure 3-11. #OERNAOER & d0EHmED £ &b
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H4mE vRCAXYRTU—)FT ) — LEFEK
ZR A BL 731 2
4-1. HFEER

Organic Light-Emitting Displays ¢ Vapor Deposition Process)
(OLEDs)

RGB
¢ Printting Process ) <_Direct Photo-Patterning Process
"_- Inkjet Printer J Photo-Irradiation
,/_7_7

Figure 4-1. OLED XA L7 7 3 hXF == TIT.OA A —

AR EL 73 21X, A~— MRHAENLERULS, ALERT7 T v MR LT
A4 AT VLA DEHNE UTHER N TS, MRS v U TlaspetE LT
FERET D A 8K 2 X— R LM BB OERIZ L > T, 7LF B
T —RKEfE b, K2 X MG, ST v U AR R B R R 72
ENbmo TERLL, G ENT, 2D X 2 RERNRT A AT E > T
T T L, k., VAT —AELT 4 A7 LA ICHWHS 3 A RGB d
M EHL, TN BN ERRICERICAE LR T e 6700, 2 oiliE
TREX, KEET 4 A7 LA ORIEICB TR D E N OE I A N TH D, ¥
A VY MRE—=2 IR E LTIE, A7 P2y Y T g 7 lale
DFYzy NV T g T GRS =y 8T T g 7 edlZp Bl
HEINTWD, LPLno, AELT NS AD XA V27 74+ hNF—=
>IN OFAFIZHE LT\ DI F — = FRIBER M ELOBF X, T+ L
VUDBEMIZE EE o TS, TR S AU, B EL T3 AR E —
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=V Tk ORI R RENC Ko THEBERE T D HINER IO N 5
(Figure 4-1),

Z ZCARMIZE TR, ARA NEEREF TR O TR S E 2 S IS b RS
L, RERBRIEINS T ~OREEWRZE ZTME T7hbb, [t
I OFFEZ B Uiz, At L i 2 S T E i o =3 oubs
RIS+ LT, 74 hraI v 7 tRnElons, FFo, o7 — 75
RH =T V=L opEO7x brmaIvr~FHh b= AbEWIE, EERR
SOBSMNATHER 6nEE 1R CTH Y, HRIICL > THR LIV 7 aad U= 4
EA~OIERMALGE BT T BB, 26 O WAL FE ST EAREE T H— 1
& LTHEITT 5, FATIFSE D HRICIX, ZDON A2 A A v F o ZHEEZFIH L
Tt ale T 074 20, LE M EEE L TOBER RS HE 2 #HE LT
WHHDObLHDL, LNLeRND, A EL 73 ZOREMELE L TiREI N
Z LR DO TR o Tz, 7o 5IF, BEURIRRED Wy T ROSE & | ZER
FIME L ZRIRFICHAT-T 2 EIIREEE B TH D, T, ZOo~FH Y=
{EEMNZ AN HEEANT HZ LT, HBRKROENE IR & gL FRe 23
M B35 2 s sz,

B2 mTHRARET FTAF Y RE—T U — L UFEAROEA, I TH-
TALEY) 2 1XEOEFEReEN EL RHIEICx L TEE LD T, R Th -
TALAE Y 1 TIEEBRBEORFE TR LT <, fHMENEE L 22> 72, £ 2T
3 B CHASE L2 FERIFRIL S+ & Tz, HRIC, IR MEE 2T 0MbE 2 &
D HESEEFEDR e D @B 7L G 6 IZIEE L, 7TELT 7 ABFETOREIR
IRBDRHEL T, HEOVTHEREK 6b ZHWT EL 73 AZEE L, ZDOT N
A ZADBLZWIFEZ TN LT, AW ka6 XY 5 O BEMHEALIE D A F—
2% Scheme 4-1 127”77,

Scheme 4-1. 7 74 F Y R¥Z—7 U — L U FFEK 6 L OV 5 DA MALRR
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4-2. FER LB
4-2-1. ERREBO R

Figure 4-2 T/RIEY | AIECHIE L7ZLEY 6 IZFHIE LV LEWT T AR
BIEE (T,=97°C) 289 57-0, A a— M MECX-TEWRRTENLT 7
AWEDIERINFIHE TS Dy N\ F —= 2 TR H — A B BE A FZRET D720
12, BAERIK 6a D7 oo ARV AEIE (10 mgmll) ZAHEKR (2020 mm2) (2
X¥ A kL7, ZOHMAE 1000 rpm T 30 HEEE S, #AFHH CTH—72 6a
DIEE K LTz, AFM O£ CREIEIZH 40 nm & HAEE O 7= (Figure 4-3),
F72. ALEW ba OIS FRRICIER L7,

a) llOO LW

O
~

T,=97°C

Heat Flow / uW
Heat Flow / pW

Endothermic

40 60 80 100 120 140 40 60 80 100 120
Temperature / °C Temperature / °C

Figure 4-2. ()&% 6a & ()& 6b » DSC iR

N FEndothermic

ul

o [nm]

0

5

[nm]

0 [nm] 311 0 [né::n] 8

Figure 4-3. AFM HIENOHELNTALEY 6 DT ENLT 7 AEOEKEA A —
Ve ZORERNGEEIT 4x10'nm & RSN, &S0 1um DL BSH
DN, ZAUTHEDTZDIZ T 4 WV A Z B SIRWTERFICTE 2D E2XZY Th D,
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Figure 4-4. UV BH A =313 nm)IZffE D TENL T 7 AEOWIL AT )VEEAL
(@) 6, (05 EtZENLDOENH AT k) 6, (d) 5, FHOMGFRIFBARI, REFE
BRIINZEIRIE, (a, )DIFREXITZEINZI UV BEHIED A abs (@5 501 nm, ¢
500 nm) DAL, (b, ) DFFFEENEI LN T A ex = 425 nm DO HERLENE T

2B 5 Apn (b; 583 nm, d; 596 nm with A ex = 425 nm) O Y58 DO FREFZE AL

& 6 KO 5 0)7%»77/15;;@%&1&/1&7 ML EWIEART ML %
Figure 4-4 (Z/r7, BRI TREND L 512, BHERIK 6a L O ba I AIHRIE &
TR WA 2 s 37 é{ﬂfﬂaj‘n%\éj‘n%méfg#oto UV U iwr=313 nm,
0.16 mW ecm2) D BEEHZ - T, :2%60)74’21/A I A S, Figure 4-
4 D(@) L QDK TRIND LI, AIEREROBRIGHE R K L, 1k
A6 L B5DT 4L AT ENEN 30Tnm KT 302 nm [ZEEWINEA R S,
7 4 )V AHIZE T D Scheme 4-1 OFAERIK 6b KON Bb D IETE Rt S EATHT &
hf:of'fﬁfg%ﬁi 6a M (" ba 7> 6 HERIK 6b L UNBb ~D 7 ¢ /L A D g KR
HPLC (2 %ﬁﬁx%%h%h 53% M64 %EFHMEL7Z, TV —NxTT v
D A — Ao “C?b%%zhé Loz, BIBRMRICIOEIEER & e RIESERLD 2 S0 =

_68_



YT F A= arBNhLN, AT ABRIREETIZa 74 A — g UEBITE
Iz Wi=obd JREHF O X 9 72 100%IC E TITE L2V, T7obb, ERE
TORKREBRRIT, BRSO SEIEMEREE O 0 OE &K T 2 72D/
S 2D, Flo, 74NV LAHORBRE 6b KO 5b DL E T ICR(@p ) I X NLE
10.060 KN 0.022 THH7=, WERFPO@ pLflE (FNZEH 0.28 X 110.31) X
DENR VRN pr HEEZ R LTZD, 2L, BVEEOEWSLY R TOx
INF—A T L —vailidbnltBExoNns, LEOLAEY 6 KT O
TENT 7 AEO IR A Table 4-1 12F &7z,

Table 4-1. L&Y 6 K5 DT E/NT 7 AED N5k

@ pps A Aps [nm] A pr [nm] D pL
6a 0.53 308 — —
6b 323, 480, 501 583 0.060
5a 0.64 298 — —
5b 327, 500 596 0.022

@pps- The maximum photo-conversion ratios to the ring-closed isomers

= ¥
BRtrEy-3- 35 1 N
e M sb
¢ @ Alg3
~>00
90000¢
0 2 4 6 8 10
Time / hours

Figure 4-5. 8 EiE T4 ex=425 nm, 0.37 mW ecm2)IZBIF 57 E/L T 7 A
EIRREDIL A 6 (FEfa). 5 () KN Algs (kk) OAHSHYHE R EE DR IRF 22 L,

e 6 Kb OFGIREOENFHMELZ TN T 572012, KK T T, =Y
72 T (A ex= 425 nm, 0.37 mW emDIZ 33T 2 HOLTRE ORERFEL OHE %
1To7=s EL T34 ZADOFNMEE L THLS tris(8-hydroxyquinolinato)
aluminium (Alqs) Z [F UG ORI L, ik IR 21T > 7=, Figure 4-5 [T &
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N5 X912, Algs DIEDN KK T THESLMISAR AR AT 5 01Icx LT, (bAEY 6
KON 5 OEFGRETITEIMENERRZ, ZOREIHD Td-< Y TH-o
Teo (LB 6 LALAW 5 13 & BITHEBHER BUSIEER A3 6D TR 2 O IZ BRER (A (B
FEIAR) ~DHEY D TR, TDH, 74+ o7/ maI v 75+ THY 7R
5. FH 1O Algs Z ER B8 Rbeth 2 s Uiz, IR Tt itk %2 R34k
B 6 ITONTIX, 74 /L LREETH AL Z 22 0 RIS Lt 5 2 &
THALTE T, ZOEAKRIT UV BRI L > THESICHUER L, &k
MWEITL LT, LU G, REEKIE LT VEEY 2 OIROLE L IR
D, tE® 6 OFECIEOEEAIZIIHY 2 REIRFMEZZE L2720, #irsi
AR ORNERE 2P OEAFEO L O LT 5 Z X TEhrnote, £
D=, JEF D4y DB L, K& T ORI O SRR & THEE S CTuv 5 alEE
HEHLH V1G5, LanL, Algs 72 EO— R ZRIECARITRIE T L BRI TF
RO LAY 6 1ITOWTIE, BRSPS AIERNZEIT T 5 Z LT L 0 fE
AT D720, BEEORIE TP,

FEWT, 74 M AT ZHWTE IR N Z — =2 TEREAT > 7, KPR,
HOEBAR S OB ARIANIR (X2 7277 07 alfiERFME(380-700 nm,
1.6 mW cm?)) % H\ 7=(Appendix 2 /), Figure 4-6 (Z/x3415 L 51T, @
Z TR 2EEY) 6a DR 2, HBRRIZE ALY 7R Ei., &
T NTARNRNRE == TRBIE SN, PR STy DA BRI
FH L, TOESOHRPBEDORNER LT, 6bIZHKT D ZDORIEOEA
7 R VITBAERIK 6a DYWL AT MV EER BN D, BE OFIE TR
BIERFREIIND Z Eid7ev, £72, 6b DD 1T TH/hE WD, BHD
BETHNET D b, BELIZE Y —=2 BB bz,

i
(\ra
g
I
5
&
i

Figure 4-6 /¥ —=27 L7 AL&W 6 DIED(a)idH 5
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4-2-2. B EL T 31 &

R LT hTIAX Y R2—T U —L USROG EL 73514 2A~Di5
DAREME A ERET D72 DI, FICE DI ELE L TEA Y 6b 2 =g R
N AFESEH T NA A (Figure 4-7) #E2I U=y MNETHELL, {LE¥ 6b H
MTITR D BREMNT D720, 1,3-bis(carbazole-9-yl)benzene (mCP) % 7k A
MFEEE LTHY, 6whDIREHLTILEY 6b ZIRBE -, ZOAFEEL 7 /31 A
DOiEERIL, glass/ITO/PEDOT:PSS (8 nm)/6b (6 wt%): mCP (18 nm)/BCP (40
nm)/LiF (0.8 nm)/Al (64 nm), T& 5,

Al |
LiF \\\\
BCP 2i§§ ﬂ1====’
6b : mCP
PEDOT : PSS

ITO %

substrate EL emission

e

Figure 4-7. {L&5¥ 6b 5t N—/X2 & L THWER b A3 RERH
EL 534 ZDF /34 2D A A — ; glass/ITO/PEDOT:PSS (8 nm)/6 wt%
6b: mCP (18 nm)/BCP (40 nm)/LiF (0.8 nm)/Al (64 nm).

9, ITO N v F o 7 ENT-HEMNR (25%25 mm2, £ X=1mm)iZ UV-4 '
Vet zhe L=, =DM Poly (3,4-ethylenedioxythiophene)-poly (styrene
sulfonate) (PEDOT:PSS)% % v+ X k L, D H:A % 3000 rpm T 30 FRj[a]H <
. 200°C T30 07 =—V o ZHBE A L=, KIZ, 6b % 6w%aie mCP
RG22 DM F v A B LT, £OHA % 3000 rpm T 30 FHRHHEE S,
50°C T30 7 =—V > ZABEE % Jifi L 7=, % D14, 2,9-dimethyl-4,7-diphenyl-
1,10-phenanthroline (BCP), 7 vtV F 7 A (LiF), HEIZT VI =T LDJHE
FCHIESHETT N, AR LT, MEMEIORIRE LT, EFHMEHIH
W5 6b KON 6a ® HOMO,LUMO #4712 iFEH L, N6 &2 W —T& 5 L7=
Ny R¥ vy v 7% 92 mCP ZAR A MEHTEAZ(Table 4-2 /), H—/b
s EEE L CarNPD, & il £t & LT Bphen, [z MgAg % 74
7 ERRAATHRES L7z s, BRI/ oD b DD, LR EL A —=07
DIEKNNIE D 2o 7272, MEfDORK, Figure 4-8 DT RAX—X AT T 5
LTRSS DD T D &l LT,
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Table 4-2. 7 /3 A ZADHEGA B ORE] & A FBAECE 7o 1 3H0E = % 1 & —

ability HOMO [eV] LUMO [eV]
Al anode -4.3
LiF buffer -
BCP electron transporting -6.4 -2.9
mCP host -6.1 -2.4
(6b emissive dopant -5.573 -2.870)
(6a non-emissive dopant -6.231 -2.442)
PEDOT:PSS hole transporting -5.2 -2.4
ITO cathode -5.0

SO3H

PEDOT:PSS
-2.4eV -2.4eV
LUMO
-2.870 eV
-4.3 eV
6b =
LiF Al
-5.0 eV
ITO
-5.2 eV -5.573 eV
1oy -6.231 eV
6.1e HOMO
6a -6.4 eV

Figure 4-8. EL 7 /A ADZR VX —H AT 77 A

T INA ADBEFENEEOFM 21T o 7255 . Figure 4-9 IR &N D L )12,
DT NA AT WEOBRF N AR LIz, ZOMEIX, EREE 10 mA
cm2 OFFIZ 290 cd m2 &\ 9 K72l D & Th oz, JMBETIREQE) X
0.20%ToH V., —fXBIZH O LG8 EL 73 2D EQE KV IZH L8, 7+
a7 FOPIOBBRERLE LTEZNE, TOEEILEDTHD,
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Figure 4-9. (a) 731 2D EQE-EEMEZ 7 7, (b) 734 ADEADEN
HEHOEE (BEFEHY A XL 2x2mm?2), KO () T/ ADEREH

a) T T T T T T b) 103 . T T 103
] sk
S5t ] g 10" k ; 1102 NE
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Figure 4-10. (a) /34 2® EL A2 kL (b) EIfEEHEEBEHES
77 RNEREE, FONEE

_73_



Figure 4-10 [Z/REND K912, ZDFT A 2D EL A7 kLTl 500-700
nm ([ZHENEHENBR STz, ZOART hLid, 6b OT ELT 7 APEOHE A
~7 kv (Figure 4-4b) O E —F L TEY . 6b 2 EL 7 /31 2ADFENAME
ELTHRELZZ E 2 WMEICSFF LTV D,

ZLTWEWE, TEAT 7 RAEEFEER. 2O 6b DT A RZEWT, Al
H:(A > 420 nm) & W2 Z —= 7 % i L7- (Appendix ), Figure 4-
1L IZREND LT, N —=v T INTEBRIENRBIE S, BINTIck s
EL 4% —= V7 nEiF& N7, Figure 4-11b DOEE O AFE O F5y
I, RO LYNTIZ6b NEZHR -S> TWNDH7DTH D, IR Trlwir7e
74 h7uaIXLERTEY 6 TH, EERBLRE CIXERIIHE ST 512X
FEY 72 RE 2 3 5 720 EBROHE b BRI T 2 £ TORMEIIAT
biemote, LinL, mHEANCEME AR T UL, o7 ON/OFF =~ 7 & |k
DEOLNDEZEZ LD, 0 6bICHKTHZDOFRED EL AT VLR
K 6a ODWIL AT RV EERLRWED, BE ORI THREMACSISE AR S
NDZET7RW, F72, 6b DD 1T ETH/hIWN=D, BEORENKTHNETD
e, TA M uI v I FEFEIMELE LTcHIO EL NZ—= 70
ERR STz, SENZER O OERE b, et — Nk o\ F —= 7 EiRa 5
i U723, BRERIA 6a & W\ =T A ABE L RBETH H 720, LV EmWna s b
FARDELARZ—=27% COEFTRFL~LVET) @EBELTE D & MR
b,

Figure 4-11. (a) e X¥ —=2 7 EBROT. b) EL ¥ —=7 (BFEYVA
X 90x90 mm?2, FIIIELE 10V)
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4-3. W&

ARBETIE, 5 3 BT, KFFEEFRNF — o F L~ I T k
THXY RE—=T V=V U FHEREZAH EL 751 203 ELE LTISAHL
ToAFZEIZ OV TRl Uz, IR T2 7+ b/ a S X8R LIZLEY) 6
T o203, FEARBLREE CIXEBHERSOMENRZ L < | BEERBIZ BV T ek
GetEa R LT, TOMERK6b 23 @D K— 30 b & LTHWEZR b A3
TNAZA%ZEI Uz y MUSEIZIVEE L, £O7 A A%, HE 290 cd
m?2 OEOERFBN AR L, 6b ITHRT 2ENEART e —%H+ 2% EL AR
7 MERLIZ, B EL T A AT VADEA VY N7+ hRXZ—=2 TN
AT O FHEMEIZ AT T, 6b D EL 7 /31 AR —=2 T %fii L, EL /"% —
SV RERS NI, ZORERNG WHNF = THEERT N T AR R
—7 V=V VFHERIZEL NN —= 7 HA[ETH D 2 ENEIFSI T,
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fofe S g 2A
55 D B fbnm

5-1. AFILOKREE

K3 TIEL EBBRBUS Ml S o ~F 3+ U = U AULE DB HLERL &
Z DEEEDVE, RO DISHIZOWTim U,

FP, FRIZF TV —ABEA L, TDASMIZ2ODF 47 = VB, £21F
RV TFF T2V BERT AT M) 2 B E—7 U — L ALEITEB W T,
ZD S AV FY REZEA LA EZ AR L, B U772
Bl 24T o 72 ZOFER. WFNDOT b T 4F > FMEaw b B EM 2R L.,
B BRI BUR IIR S22 0o T2, AL FRE FEAR S IZ DD TE, ~F 5 R
U MEENG T 7 mAnF U UES~ORARKSDET LT, — /T, £D
Wi C b 2 BHER SOSIER < il & vt=, Bz, 7Y — VB 4 A (N )
W7 2= VTF AT 2 VXY REEZARET 2LEMTHONTIL, RRFRHE O]
HTICBWTOUHEERE T, A LEMERT 2 /H L, SHI2, 2O
g~ U RO EY FARIR) 1, |BIRTEORLER L, 2hb

DFERAZHDONT, FABRIE D FAEE D B8N D BRI E 3 S Uz,

1 2 HORMUL, BUSCE ST 20 FHEDOEFEBEORD Th L, VAF
REDEAIZLY, I uo~dH Uz U EORGHEICEET SR E b
D DIRFEDERBIRRED 53 FHIE DB FHEENBD L TWD Z &2 aEHEFiR
(TD-DFT) O#EFRND B L, ZH 3 AR WSS & FIRICEEE L T\ 5D
Eam U7,

2 OHOMPIX, KISIZBEET HEBREO S FNHEEATH S, sp3iRal L
TWAISEIRBER DA FNVIEOHF T &A% FEO O JFiv & oIy
TWHEERMER SN TS Z & &2 X BiEmEET OB ENS RH L, Xt
2 X B [RBERIBABR SG DS SEARREE R LI S TnWb Z & Zfm U,

3OHDIRAZ, FDOIRENEF O TH D, A F v FED O FiA73E

WD A FIVEL, &(}73:%/1/55%0)HE%& >N EEHZTERT 5 Z & T,
HFODOY 7 aF U FROSFIREI G S 5720, EBRIREE O fEE
FHIAEDIHI S 4L, EHICE AN L CHRIEREBIZES Efm Uiz, £/, 20k
EIHEIIEIL, 7Y v TEES A ATV T LT el T U LD G, R
ARSI N T = =V F 7 — LB D A3, %@%5#k%m &, HOLET
RIS L ONX SAG dn A S AT O JINE RS R B Fm U,
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FWT, TV —VERD 4,56 (IR b 2FO7T UV —NLVHEE2EALTZLEY
ZHRHLARR L., PR OSSR 21T > 7o R, 77 Y —/VERO 4 A7 (N i)
W27 2= VTF AT 2 XY NEEZAT 555 I ZRICHR S IH S v D
TLEEFEALE, ZORBRENMNS, FTY—NERED 440 (NA) o7V —LHED
DIREEN, ~FY RNV 22 —T V=LA EY DT 7 aA~F U U
RRICBIT DB BRIRUS DSOS, M OART MVICRESBAGT L2 &%
im Uy 0 FREERICBHER S EZfI TE 5 2 & 2 R LTz,

A L7227 M7 A XY MEEWZ, 7 AWBIRENER IV &<,
AV a— MECKOVRZRERTENT 7 AREEEKR L, TOEB EIZBWTH,
TR & IRk S BSOS B R LTz, ZOMIBRIZ 7 + b~ A7 & VTR
FE21T5 T LT, BH SN OB E N A HE ST D90t F —=
YTITRP LTe, KRS L7eE o ou it aFR L WE L TRF —= T T %
WERDE — 2 F TR LT I | EBRINNICH AN 5T HZENTE DT
D, HOERIMANZ BIE A5 T 5 2 & T, LDEITRA L~V O E N2 —
=V MARETH Y | SRR ~OISHPHFTE 5,

ZOISHBIE LT, ERA A= 0 ZTHIRITB W T, 1EkDFat 2 Xy
% (Dronpa, Kaede 72 &) LV L@+ A XN W28, B DA
B A ZAOEREOEBOMPICERTE S EEx b D, 70, %
SeEE D EAE Y (T70b b, BRKISEZ RS 2VMEEY) I2BW T, K
RESRET « A7 B, oflmiES (Distributed Feedback, DFB) L
— PR & OERY T~ OISR CE D,

JISRAFZEE LT, BIF LTAbE a8 IcH W EL 73 A 25L&
RS DR A T - 720 RO DT /N7 7 AEOE L, IEEMEDT-
OISR PELS . ZOZFEENIT NA A LETHREBECH 7272, Rk
mCP |25 S AT, BWAMBE IR (External quantum efficiency, EQE)
DEFFIEDZER SN, BOWERIGETH N D~ N =BT 4
7 X v 7B EICEIZHN A EL 731 20o@E TRy TH L,
HIZ, ZD ELT7NA RZT7 4 b~ A7 W TR 2170 EL 7 /34 20D
WG —= o IRER ST, ZOREIT, A EL T 0 27 LA ORE TRRIC
BT, ZABFEIZL Y RGB (5535E % 7046 L TV IERITEE AT, KmEmfE) ol
T A AT A BUEHAROMENLICHERTE 2 £ BTN D, £z, oy —=
7 RIREZR BRI OB, E 5 THEMZTEER L., Juihilc X v eES42 )
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Appendix

A-1. OEIREB K UHIERRS
AT BT L7206 L OHER SR TR D@ Y Th 5,

SR

« 1kW #E)EKEE T >~ USHIO SX-UI-501HQ

- 7%/ v a— 7 —27 77 USHIO SX-UI-501XQ
- B/ 7 mA—2— B SPG 120

P EH 7 &
- NMR JEOL, JNM-AL-300 MHz, JNM-ECP400 MHz, JNM-ECA-600MHz
- TOF-MS %<z kL MALDI-TOF-MS(DE-STR Voyager)
- FABMS %-2% kL JEOL JMS-700
- EI'MS %% /L JEOL AccuTOF, JMS-T100LC
- A EEER JASCO FT/IR-4200
« AR - EAVOEEERE JASCO V-550, JASCO V-660, JASCO V-670
- HOESEEEER JASCO FP-6500, JASCO FP-6300STY
« B 38 64y Vet E 3 HORIBA FluoroCube 3000U-YSP
- HOEEINE HAMAMATSU C9920-02, PMA-12
- HEPAMEE Olympus BX-51
- i v~ 77 7 ¢ —(lEE HPLC XU, #+H HPLC)
— MR >~ HITACHI Pump L2130
— fH%% HITACHI UV Detector L-2400, L-2455
— FékEt HITACHI 7 n~ b5 — X 4LEEE D-2500, D-2000 Elite
— % 2 COSMO SIL, 5SL-II, 5C1s-MS-II
s INVRHE I n~ 7T 7 4 —(GPC)
— SEHA 7 JASCO PU-2075, PU-2080
— MH2s JASCO UV-2075, UV-2086
— #4%EF JASCO MDL-101 1PEN RECORDER
— 717 A Megapak GEL 201C
- R ViRE 7 v~ 7T 7 4 —(GPC)  JAT LC-9130 NEXT
- RAEEBRIEESRE SII Nanotechnology DSC/TG-DTA 6200
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1,2-Bis(2,4-dimethyl-5-phenylthiophen-S, S dioxide-3-y1)-3,3,4,4,5,5-hexa

fluorocyclopentene (compound 3a)

To a solution of 1,2-Bis(2,4-dimethyl-5-phenylthiophen-3-yl)-3,3,4,4,5,5-
hexafluorocyclopentene (0.100 g, 0.182 mmol) in CH2Clz (20 m() was added
70wt% 3-chloroperbenzoic acid (zm-CPBA) (0.450 g, 1.825 mmol). The solution
was stirred at r.t. in the dark for 72 h. The resulting solution was quenched
with NasS203 aq.. The organic layer was extracted with CH2Cly and dried
with MgSO4, then was concentrated under vacuo. The residue was purified
by an HPLC (hexane/ethyl acetate 3 : 1) to afford 0.069 g (0.112 mmol) of
white solid.

2-phenyl-5-hydrothiazol-4-one

Lo
S

S NH, —

A1 A2

To a solution of thiobenzamide (18.05 g, 131.5 mmol) in ethyl acetate (270 m¢)
was added bromoacetic acid (18.28 g, 131.5 mmol). The mixture was stirred
at r.t. for 24 h. The resulting solution was filtered with ethyl acetate and then
washed with diethyl ether. The white residue was disolved in pyridine (90 m¢()
at 0 °C, and the solution was stirred at 0 °C for 30 min. The resulting solution
was quenched with cold water. The residue after filtering was washed with
cold water to afford 6.01 g of light yellow solid (33.9 mmol, 26%). 'H NMR
(300 MHz, CDCIs/TMS): & (ppm) = 8.14 (2H, d), 7.69 (1H, t), 7.54 (2H, t), 4.06
(2H, s).
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4.5-dibromo-2-phenylthiazole

S

SN — 7N
) =

(0] H Br Br

A2 A3

A flask containing 2-phenyl-5-hydrothiazol-4-one (17.96 g, 101.4 mmol),
pyridine hydrobromide (19.68 g, 123.0 mmol) was flushed with nitrogen, and
then phosphoryl bromide (100 g, 348.8 mmol) was added. The mixture was
refluxed at 110 °C for 24 h. The resulting solution was quenched with
methanol and neutralized with NaOH aq.. The organic layer was extracted
with ethyl acetate and dried with MgSO4, then was evaporated. The
purification by silica-gel column chromatography afforded 18.36 g of ivory
solid (57.55 mmol, 57%). 'H NMR (300 MHz, CDCls/TMS): § (ppm) = 7.87-7.84
(2H, m), 7.49-7.43 (3H, m).

2-methylthiophene

Cn — o

S S

B1 B2

To a solution of benzothiophene (4.85 g, 36.1 mmol) in THF (60 m() under Ns
atmosphere at -78 °C was added 1.6 M n-buthyl lithium (23.0 m¢, 36.9 mmol)
dropwise. The mixture was stirred at -78 °C for 60 min, then at r.t. for 18 h.
The resulting solution was quenched with water and neutralized with HCI
aq.. The organic layer was extracted with diethylether and dried with MgSOs.
The crude solution was evaporated under vacuo to afford 5.82 g of brown
solid.’H NMR (300 MHz, CDCl3/TMS): § (ppm) = 7.64-7.72 (2H, m), 7.29-7.43
(2H, m), 2.60 (3H, s).
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3-iodo-2-methylbenzo[blthiophene

Q. — Q.

S S

B2 B3

A mixture containing 2-methylthiophene (10.3 g, 69.6 mmol), periodic acid
(3.6 g, 15.8 mmol), iodine (9.0 g, 35.6 mmol), water (15 m{), acetic acid (90 m¢{)
and sulfonic acid (2 m) was stirred at 70 °C for 15 h. The resulting solution
was neutralized with NaOH aq.. The organic layer was extracted with ethyl
acetate and dried with MgSO4. The purification by a silica-gel column
chromatography with n-hexane afforded 7.35 g (26.8 mmol) of pale yellow
solid. 'TH NMR (300 MHz, CDCIs/TMS): § (ppm) = 7.64-7.72 (2H, m), 7.29-7.43
(2H, m), 2.60 (3H, s).

(2-methylbenzo[b]thiophen-3-yDboronic acid pinacol ester

B3 B4

To a solution of 3-iodo-2-methylbenzo[blthiophene (7.35 g, 26.8 mmol) in THF
at -78 °C under nitrogen gas atmosphere was added 1.6 M n-butyl lithium
solution in mhexane (17.0 m¢, 27.2 mmol) dropwise. To the stirred mixture
after 30 min at -78 °C was then added isopropoxyboronic acid pinacol ester
(5.0 g, 26.9 mmol), then the solution was stirred at r.t. for 16 h. The resulting
solution was quenched with water and neutralized with HCI aq.. The organic
layer was extracted with diethylether and dried with MgSO4. The crude
solution was evaporated under vacuo and purified by recrystallization with
hexane to afford 4.79 g (17.5 mmol) of brown solid.
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2.4-dibromo-3-methylthiophene
Br
S Br—s

C1 C2

To a mixture containing 3-methylthiophene (10.0 mf, 208 mmol) and
tetramethylethylenediamine (17.0 m¢, 227 mmol) in diethylether (180 m¢t) at
-30 °C under N2 gas atmosphere was added 1.6 M n-butyl lithium solution in

mhexane (70 m¢, 225 mmol) dropwise. To the solution at -30 °C after 2h was
then added iodomethane (7.0 m{, 225 mmol). The solution was stirred at r.t.
for 11 h. The resulting solution was quenched with water and neutralized
with HCI aq.. The organic layer was extracted with diethylether and dried
with MgSOg4. The crude solution was evaporated to afford 12.1 g of oil product.
The mixture containing the obtained oil (12.1 g, 108 mmol) and acetic acid
(250 ml) at 0 °C on an ice-bath was added bromine (12 m¢{, 240 mmol) dropwise.
The solution was stirred at r.t. for 3 h. The resulting solution was neutralized
with KOH aq.. The organic layer was extracted with ethyl acetate and dried
with MgSO4. The crude solution was evaporated and purified by a silica-gel
column chromatography with mhexane to afford 8.34 g (30.7 mmol) of
colorless oil. TH NMR (300 MHz, CDCls/TMS): § (ppm) = 2.34 (3H, s), 2.17 (3H,
s).
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(8-bromo-2,4-dimethylthiophen-3-yl)boronic acid

Br Br
Br B

S HO S
Cc2 C3
To a solution of 2,4-dibromo-3-methylthiophene (8.34 g, 30.7 mmol) in
diethylether (150 ml) at -30 °C under N3 gas atmosphere was added 1.6 M n-
butyl lithium solution in n-hexane (20 ml, 32 mmol) dropwise. To the solution
at -30 °C after 1h was then added tris(zz-butyl)boronic acid (9.0 ml, 33.6 mmol).
The solution was stirred at r.t. for 24 h. The resulting solution was quenched
with water and neutralized with HCl aq.. The organic layer was extracted
with ethyl acetate. To the organic layer was added NaOH aq.. The water layer
was extracted with NaOH aq. and then neutralized with HCI to precipitate.
The precipitate was dried to afford 4.79 g (20.3 mmol) of pale yellow solid.

3-bromo-2,4-dimethyl-5-phenylthiphene

Br Br
HO. m . B
B

° 'S S
HO

C3 C4

To a mixture containing (3-bromo-2,4-dimethylthiophen-3-yDboronic acid
(4.79 g, 20.3 mmol), iodobenzene (4.02 g, 19.8 mmol), 20wt% NasCO3 aq. (50
ml) and THF (120 m{) after N2 bubbling for 60 min, was added Pd(PPhs),
(1.15 g, 0.995 mmol). The mixture was refluxed for 36 h under N2 atmosphere.
The resulting solution was quenched with water and neutralized with HCI
aq.. The organic layer was extracted with diethylether and dried with MgSOs.
The crude solution was evaporated and purified by recrystalization with
hexane to afford 3.59 g (13.4 mmol) white amorphous solid. TH NMR (300
MHz, CDCl3/TMS): § (ppm) = 7.30-7.44 (5H, m), 2.43 (3H, s), 2.26 (3H, s).
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2.4-dimethyl-5-phenylthiophen-3-yDboronic acid pinacol ester

O
Br B-O

I\ — I\
S

C4 C5

To a solution of 3-bromo-2,4-dimethyl-5-phenylthiphene (3.59 g, 13.4 mmol)
in THF (20 mt) at -78 °C under N2 atmosphere was added 1.6 M n-butyl
lithium solution in mhexane (8.5 m{, 13.4 mmol) dropwise. To the stirred
mixture after 30 min at -78 °C was then added isopropoxyboronic acid pinacol
ester (2.8 m{, 13.8 mmol), then the solution was stirred at r.t. for 10 h. The
resulting solution was quenched with water and neutralized with HCI aq..
The organic layer was extracted with ethyl acetate and dried with MgSO,.
The crude solution was evaporated under vacuo and purified by
recrystalization with hexane to afford 3.59 g (11.4 mmol) of white crystaline
solid. 'TH NMR (300 MHz, CDCls/TMS): § (ppm) = 7.39 (5H, m), 2.66 (3H, s),
2.35 (3H, s), 1.34 (12H, s).
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4,5-bis(2,4-dimethyl-5-phenylthiophen-3-yl)-2-phenylthiazole

|\
S

D1 C5 P1a

To a mixture containing (2,4-dimethyl-5-phenylthiophen-3-yl)boronic acid
pinacol ester (1.13 g, 3.59 mmol), 4,5-dibromo-2-phenylthiazole (0.521 g, 1.63
mmol), butylated hydroxytoluene (0.790 g, 3.59 mmol) and KsPO4 (0.521 g,
1.63 mmol) in 1,4-dioxane (120 m{) after N2 bubbling for 60 min, was added
Pd(PPhj), (0.415 g, 0.359 mmol). The mixture was refluxed for 25 h and then
was stirred at r.t. for 10 h under N2 atmosphere. The resulting solution was
quenched with water and neutralized with HCI1 aq.. The organic layer was
extracted with ethyl acetate and dried with MgSO4. The crude solution was
evaporated under vacuo. The purification by a silica-gel column
chromatography and an HPLC afforded 0.500 g (0.937 mmol) of colorless
amorphous solid. 'TH NMR (300 MHz, CDCIs/TMS): § (ppm) = 8.04-8.07 (2H,
m), 7.29-7.49 (13H, m), 2.08-2.20 (12H, quar). MALDI-TOF MS (m/2) [M+H]+
Calcd. for C27H20NSs*: 534; Found: 534.
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4,5-bis(2,4-dimethyl-5-phenylthiophen-S,S dioxide-3-yl)-2-phenylthiazole

P1a 1a

To a solution of 4,5-bis(2,4-dimethyl-5-phenylthiophen-3-yl)-2-phenylthiazole
(1.31 g, 2.45 mmol) in CH2Cls (200 m€) was added 70wt% 3-chloroperbenzoic
acid (m-CPBA) (4.40 g, 17.8 mmol). The solution was stirred at r.t. in the dark
for 48 h. The resulting solution was quenched with Na2S203 aq.. The organic
layer was extracted with CH3Cls and dried with MgSO4, then was
concentrated under vacuo. The residue was purified by silica-gel column
chromatography (hexane/ethyl acetate 3 : 1) and recrystallized with ethanol
to afford 0.827 g (1.37 mmol) of colorless solid. Tq > 140 °C. 'H NMR (300 MHz,
CDCIl3/TMS): § (ppm) = 7.99-8.02 (2H, d), 7.60-7.67 (4H, m), 7.47-7.55 (9H, m),
2.19-2.22 (6H, d), 1.98-2.04 (6H, d). 3C NMR (75MHz; CDCls): § (ppm) =
137.11, 136.34, 132.15, 131.56, 130.00, 129.76, 129.38, 129.24, 129.21, 129.14,
127.13, 126.76, 126.70, 126.45, 14.52, 9.10, 8.76. ATR-IR (cm™) =1292 (vas
S02), 1135 (= SO2). FAB HRMS (m/?) [M+H]* Calcd. for Cs3HasNO4Ss*:
598.11; Found: 598.11. Element Anal. Calcd. for CssH27NO4Ss: C, 66.31; H,
4.55; N, 2.34; Found: C, 66.06; H, 4.32; N, 2.36.

_90_



4,5-bis(2-methylbenz[blthiophen-3-yl)-2-phenylthiazole

¢ v Y

SN + B-O — SN
o e L
S S S

D2 B4 P2a

To a mixture containing (2-methylbenzo[b]thiophen-3-yl)boronic acid pinacol
ester (3.46 g, 12.6 mmol), 4,5-dibromo-2-phenylthiazole (1.83 g, 5.74 mmol),
PPhs (0.752 g, 2.87 mmol) and 2.0 M KsPO4 aq. (100 m¢, 0.20 mol) in 1,4-
dioxane (100 m¢) after N2 bubbling for 30 min, was added Pd(PPhs), (0.729 g,
0.631 mmol). The mixture was refluxed for 24 h. More additional Pd(PPhj),
(0.500 g, 0.433 mmol) was then added to the solution following reflux for more
24 h under N2 atmosphere. The resulting solution was quenched with water
and neutralized with HCIl aq.. The organic layer was extracted with ethyl
acetate and dried with MgSO4, then was concentrated under vacuo. The
residue was purified by a silicagel column chromatography and by
recrystallization with hexane to afford 1.94 g (4.27 mmol) of colorless solid.
H NMR (300 MHz, CDCls/TMS): § (ppm) = 8.09-8.12 (2H, m), 7.72 (2H, m),
7.61 (2H, m), 7.50 (7TH, m), 2.00 (6H, d). MALDI-TOF MS (m/2) [M]* Calcd. for
Co7H19NSs*: 453; Found: 453.
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4,5-bis(2-methylbenz[blthiophen-S.S-dioxide-3-y1)-2-phenylthiazole

Y _ 0

P2a 2a

To a solution of 4,5-bis(2-methylbenz[blthiophen-3-yl)-2-phenylthiazole (1.60
g, 3.53 mmol) in CH2Clz (200 mt) was added 70wt% 3-chloroperbenzoic acid
(mCPBA) (7.82 g, 31.7 mmol). The solution was stirred at r.t. for 48 h. The
resulting solution was quenched with Na2S203 aq.. The organic layer was
extracted with CH2Cls and dried with MgSO4, then was concentrated under
vacuo. The residue was purified by silica gel column chromatography
(hexane/ethyl acetate 3 : 1) to afford 1.51 g (2.92 mmol) of yellow amorphous
solid. Tq > 160 °C. 1H NMR (300 MHz, CDCl3/TMS): § (ppm) = 8.04-8.07 (2H,
d), 7.77-7.83 (2H, t), 7.49-7.57 (8H, m), 7.37 (1H), 1.97-2.05 (6H, d). 13C NMR
(75MHz; CDCly): & (ppm) = 170.78, 146.22, 139.88, 135.85, 135.65, 133.77,
133.63, 132.15, 131.72, 131.68, 130.24, 129.68, 129.42, 127.89, 126.84, 125.66,
123.98, 122.58, 122.13, 121.67, 8.59, 8.50. ATR-IR (cm™?) =1298-1163 (vas SO2),
1111 (vs SO32). FAB HRMS (m/?) [M+H]* Caled. for Ca7H20NO4Ss+: 518.05;
Found: 518.05. Element Anal. Caled. for Co7H19NO4Ss: C, 62.65; H, 3.70; N,
2.71; Found: C, 62.35; H, 3.71; N, 2.66.
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4-bromo-5-(2-methylbenzo[blthiophen-3-yl)-2-phenylthiazole

o %Y

+ B-O — SN
S N —
- Q& Q—Csr

Br Br S \

A3 B4 D2

To a mixture containing (2-methylbenzo[b]thiophen-3-yl)boronic acid pinacol
ester (0.774 g, 2.82 mmol), 4,5-dibromo-2-phenylthiazole (1.17 g, 3.67 mmol),
PPh; (0.185 g, 0.705 mmol) and 2.0 M KsPO4 aq. (20 m¢, 40 mmol) in 1,4-
dioxane (20 m¢0) after N2 bubbling for 60 min, was added Pd(PPhs), (0.163 g,
0.141 mmol). The mixture was refluxed for 36 h under N2 atmosphere. The
resulting solution was quenched with water and neutralized with HCI aq..
The organic layer was extracted with ethyl acetate and dried with MgSQy,
then was evaporated under vacuo. The crude was purified by a silicagel
column chromatography and a GPC to afford 0.353 g (0.914 mmol) of solid. 1H
NMR (300 MHz, CDCl3/TMS): 8 (ppm) = 7.97-8.00 (2H, d), 7.80-7.82 (7TH, m),
7.46-7.52 (1H, t), 7.31-7.39 (3H, s), 2.56 (3H, s). MALDI-TOF MS (m/2) [M]*
Calcd. for C1sH12BrNSz*: 385; Found: 385.
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4-(2,4-dimethyl-5-phenylthiophen-3-yl)-5-(2-methylbenzo[blthiophen-3-yl)-2-

phenylthiazole

e 34

S_N —+ 7 —
S
D2 C5h P5a

To a mixture containing 4-bromo-5-(2-methylbenzolblthiophen-3-yl)-2-
phenylthiazole (0.353 g, 0.914 mmol), (2,4-dimethyl-5-phenylthiophen-3-
yDboronic acid pinacol ester (0.302 g, 0.961 mmol), PPhs (0.060 g, 0.228 mmol)
and 2.0 M K5POy aq. (10 m¢, 20 mmol) in 1,4-dioxane (10 m¢€) after N2 bubbling
for 60 min, was added Pd(PPhs), (0.064 g, 0.055 mmol). The mixture was
refluxed for 24 h under N2 atmosphere. The resulting solution was quenched
with water and neutralized with HC] aq.. The organic layer was extracted
with diethylether and dried with MgSOy, then was concentrated under vacuo.
The crude was purified by a silicagel column chromatography and an HPLC
to afford 0.242 g (0.491 mmol) of colorless amorphous solid. TH NMR (300
MHz, CDCIs/TMS, 50 °C): § (ppm) = 8.05-8.08 (2H, m), 7.69-7.76 (2H, m), 7.44-
7.47 (3H, m), 7.25-7.36 (7TH, m), 2.20 (3H, s), 2.09 (3H, s), 2.00 (3H, s). ESI
HRMS (m/2) [M+H]*+ Calcd. for C30H24NSs*: 494.10; Found: 494.11. Element
Anal. Caled. for Cs0H2sNSs: C, 72.98; H, 4.70; N, 2.84; Found: C, 72.46; H,
4.57; N, 2.76.
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4-(2,4-dimethyl-5-phenylthiophen-S,S dioxide-3-yl)-5-(2-methylbenzo[blthio

phen-S, S dioxide-3-y])-2-phenylthiazole

P5a 5a

To a solution of 4-(2,4-dimethyl-5-phenylthiophen-3-yl)-5-(2-methylbenzo(b]
thiophen-3-yl)-2-phenylthiazole (0.100 g, 0.203 mmol) in CH2Clz (200 m¢t) was
added 70wt% 3-chloroperbenzoic acid (zm-CPBA) (0.480 g, 1.97 mmol). The
solution was stirred at r.t. in the dark for 48 h. The resulting solution was
quenched with Na2S20s3 aq.. The organic layer was extracted with CH2Clz and
dried with MgSQO,, then was concentrated under vacuo. The residue was
purified by an HPLC (hexane/ethyl acetate 3 : 1) to afford 0.080 g (0.143
mmol) of white solid. 'TH NMR (300 MHz, CDCIs/TMS): § (ppm) = 8.02-8.05
(2H, m), 7.85-7.88 (1H, m), 7.53-7.62 (TH, m), 7.45-7.47 (4H, d), 2.16 (6H, s),
1.92 (38H, s). 13C NMR (75MHz; CDCls): & (ppm) =170.32, 146.94, 136.32,
135.84, 134.78, 133.74, 132.19, 131.63, 130.30, 129.69, 129.40, 129.21, 129.01,
127.88, 127.17, 126.77, 126.71, 122.71, 122.21, 14.58, 8.80, 8.55. ESI HRMS
(m/z) [M+Nal*+ Calcd. for C30H23NO4SsNat: 580.07; Found: 580.07. Element
Anal. Caled. for C30H2sNO4Ss: C, 64.61; H, 4.16; N, 2.51; Found: C, 64.84; H,
4.38; N, 2.34.
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4-bromo-5-(2,4-dimethyl-5-phenylthiophen-3-yl)-2-phenylthiazole

S\

P

£+
N
Br

Br

B-O  _ SN
I\ —
®/?;L i B
S
C5 D1

To a mixture containing (2,4-dimethyl-5-phenylthiophen-3-yl)boronic acid
pinacol ester (1.13 g, 3.59 mmol), 4,5-dibromo-2-phenylthiazole (0.521 g,
1.63 mmol), PPh; (0.054 g, 0.21 mmol) and 2.0 M K3PO4 aq. (10 m¢, 20 mmol)
in 1,4-dioxane (70 m() after N2 bubbling for 30 min, was added Pd(PPhs)4 (0.11
g, 0.099 mmol). The mixture was refluxed for 36 h under N2 atmosphere. The

A3

resulting solution was quenched with water and neutralized with HCI aq..
The organic layer was extracted with ethyl acetate and dried with MgSO4.
The crude solution was evaporated under vacuo and purified by a silica-gel
column chromatography to afford 0.400 g (0.938 mmol) of solid. "H NMR (300
MHz, CDCl3/TMS): § (ppm) = 7.95-7.98 (2H, m), 7.40-7.49 (7H, m), 7.33 (1H,
t), 2.39 (3H, s), 2.15 (3H, s). MALDI-TOF MS (m/% [M]*+ Calcd. for
Co1H16BrNSqo+: 425; Found: 425.
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5-(2,4-dimethyl-5-phenylthiophen-3-yl)-4-(2-methylbenzo[blthiophen-3-yl)-2-

phenylthiazole

_ + B-O
I\ Br %\

S

D1 B4 P6a

To a mixture containing 4-bromo-5-(2,4-dimethyl-5-phenylthiophen-3-y1)-2-
phenylthiazole (0.400 g, 0.938 mmol), (2-methylbenzo[blthiophen-3-
yDboronic acid pinacol ester (0.283 g, 1.03 mmol), PPhs (0.062 g, 0.236 mmol)
and 2.0 M K5PO, aq. (20 m¢, 40 mmol) in 1,4-dioxane (20 m¢t) after N2 bubbling
for 60 min, was added Pd(PPhs), (0.064 g, 0.055 mmol). The mixture was
refluxed for 48 h under N2 atmosphere. The resulting solution was quenched
with water and neutralized with HCl aq.. The organic layer was extracted
with diethylether and dried with MgSOy, then was concentrated under vacuo.
The crude was purified by a silicagel column chromatography and an HPLC
to afford 0.238 g (0.483 mmol) of colorless amorphous solid. 1H NMR (300 MHz,
CDCl1/TMS): 8 (ppm) = 8.06-8.09 (2H, m), 7.73-7.76 (2H, m), 7.22-7.49 (10H,
m), 2.16 (3H, s), 2.07 (3H, s), 2.00 (3H, s). EST HRMS (/%) [M+H]* Calcd. for
CsoH24NSs*: 494.10; Found: 494.11. Element Anal. Caled. for CsoH2sNSs: C,
72.98; H, 4.70; N, 2.84; Found: C, 73.04; H, 4.44; N, 2.83.
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5-(2,4-dimethyl-5-phenylthiophen-S,S-dioxide-3-yl)-4-(2-methylbenzo[blthio

phen-S, S dioxide-3-y])-2-phenylthiazole

P6a

To a solution of 5-(2,4-dimethyl-5-phenylthiophen-3-yl)-4-(2-methylbenzo(b]
thiophen-3-yl)-2-phenylthiazole (30 mg, 0.061 mmol) in CH2Cl: (20 mt) was
added 70wt% 3-chloroperbenzoic acid (m-CPBA) (0.170 g, 0.687 mmol). The
solution was stirred at r.t. in the dark for 48 h. The resulting solution was
quenched with Na2S20s3 aq.. The organic layer was extracted with CH2Clz and
dried with MgSQO,, then was concentrated under vacuo. The residue was
purified by an HPLC (hexane/ethyl acetate 3 : 1) to afford 20 mg (0.036 mmol)
of white solid. 1H NMR (300 MHz, CDCl3/TMS): § (ppm) = 8.02-8.05 (2H, m),
7.84-7.86 (1H, m), 7.52-7.62 (TH, m), 7.43-7.46 (4H, m), 2.16 (3H, s), 2.09 (3H,
s), 1.86 (3H, s). 13C NMR (75MHz; CDCls): & (ppm) =170.47, 145.86, 138.94,
136.82, 135.85, 133.87, 133.72, 132.12, 131.87, 131.59, 130.48, 129.93, 129.75,
129.38, 129.16, 129.06, 126.76, 124.27, 121.70, 14.10, 9.11, 8.46. ESI HRMS
(m/z) [M+Nal*+ Calcd. for C30H23NO4SsNat: 580.07; Found: 580.07. Element
Anal. Caled. for C30H2sNO4Ss: C, 64.61; H, 4.16; N, 2.51; Found: C, 64.79; H,
4.07; N, 2.33.
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Figure A-2.

la ® 1TH NMR %<7 | /i (chloroform-d, 300MHz, 20 °C)
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Figure A-17. P5a ® 'H NMR A-XZ h /L(chloroform-d, 300MHz, 20 °C)
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DIREEEZ . —AbEWicoE 5 o7 AL EHE L, % OWILART F L
DRI ZREEIZIBNT T ry L, =BT 4 v 7T 4 T OHEENHE
IWRSARE A BN, 207 1y hOSEfE (R2 ) 2 —REIFEDKEE DFEIE
&L, R=1ITiEWE EEIGEWVEE (BEAVRIERED) Tho &Lz,

A-4-2. SEROSEFINEEE

WY A7 MVHEIZAREE L (BLVE lem) Z6EH L7, BIEESH
WA U7z, EREIT, BREEKRT 7B 0T T2k E L
THW B/ 78 A—F =T BEAxE LTHREK L, SRR Z & ok
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YOO EE, TN U T L AMGIZEBWTEWL, 207 1y FD5y
BiE R2 ) 2 KB OREORIEL L, R=1ICHEWE EEIZIVVEE TH
HEYIWr Lo, P TV OEEREEL ) 7y L ADHERIEEZ 1Y ME L,
—bEMITOE, ZnE 5ty N T, BENEDS ERININDILE
MEDDTD, T2 T, RUCRE (A UWROLE) OWENMREN S XA & — M
HVEND D, FHZAEIOEHD S5 B, la, 8a, ba [T AW RGOS
BRI, —ERBE L IVIEERE TE v, 20, JEICHWY
DY TN, TOZOICHE L, B IHEDE L7RB RS L TE VT,
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JERRHFE OFIRRIL. £ D128 U gl ez @A 72,
AR SLOMFZE T HHE L 727l Gk, FHEAIT A5 HITE LT,

A-5. JERISEFNEOFH

74 w3y RIGEFIEZ, 1,2-bis(2-methylbenzo[b]thiophen-3-
yDperfluorocyclopent-ene % PFEBRKIGD Y 7 7 L > A 531- & LT, 1,2-bis(3-
methylthiophen-2-yl) perfluorocyclopentene % BHERIGD Y 7 7 L v A1 &
LT ZREAW T, HWREIZIS T 2 IS DI BB D BMEAV SO IEE %
BEIZ@oe & @eo DAL NNZIR > TWND Y 77 L A5 & el U, AEXTEIIC KOS
IR 2R L7z,

A-51. FARKIGETFINEROFH

YT NVORBRKOBIEZ Caan T2 T ID Anax (2B DENVREAREZ |
T DHEDOWNE & gaa. LOVEEE S 1em &35 & Lambert-beer DIEANZ X
DIRORDN G D,

Aaa = g1a Caa

dAcla _ dCcid

dt cld T3¢ (eq. 1)

St TEEND Caa DHINRIL, BB S NI R L - Topen & PSSO
B AR Qo IILFIT D728, eq. VIFRD L S ICEHB SN D,

dAcld _
dt

BRERIAD 313 nm OWHE Apen N —ETH D LT DL, WIS DHED
—IEIZRY, eq. 21FRD L HITEHBEIND,

= &ld Doc (Io Iopen) (eq. 2)

f:((ot)) dAgq = const. X g1q Doc X fot dt

(A - Ao) = const. X g1q Doc X t (eq. 3).
UV SRS ¢ 1281 2WNEE Ap-Aoxz 7y F L, — kBT 1+ v 7
4 T LT E slope ), RO ELILD,

slope = const. X &1a Doc (eq. 4)
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DRSS E TINEZE @ & T 5 &, UV RIRHERE £1281T WL Aw’
Aoy D7y NIRRT 4 v T 4 T LIEE slope’ 35, IROX D55
b,

slope” = const. X g1d" @oc” (eq. 5)

Zhbeq 4t eq b BHELTELNTZRDK eq. 6 005, 7 VOERK
SR @ NE X HEIND,

slope

Doe = Doe” &1d” + Ec1a X (eq. 6)

slope’
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