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of wAF|ol Gt BIT HFES YUY F vk olF, AL ke ol MeY M wgol £y 5

ia%—awiz OB WSS FWE S e o, ol B3 EEA WY Fefol (77 ) 2
2ehol=)E AET & gtk 7 A%, B gl WEY/E ABH BIT FFES F5T F A, T

How yed kst wgel Fad vk

woage a71e AAdel oste] nrt Bas olsd F gow, ds1el Al B wge] oA Ao B
date) wgel gl Adsta s e oyt
AAl ]

¥ 2L Sigma-Aldrich, TCI, Acros, Alfa aesar &9 A|&ES AF&3}3it}. < g AL THF, |
=

(€]
ddlE2gtolt T5 ARSI o™, SK chemicalAb % SamchunAl 59 AFS AHE-3E

e

st wkS-o] g9 #olS 93 TLC(Thin Layer Chromatography)i Merck KGaA, 64271 DarmstadtZS A}-&-3}
Qi TLCo ARE Z=Ystar 3<le UV-lampe} KMnO4, PMA 5 PAA|eFS o] 8319 o, flash column
chromatography: FUJIAFS] 230~400 mesh silica gelS AF&3IAT}.

A E FFES B2817] 913 NMR spectrometerE Jeol 300MHz FT-MMRS A&3}Ath.  chemical shift W&
FFEHS TMS(tetramethyl silane)& 7|22 §-unit(ppm)@  EAEQIAL, dolEE oy 2o
XA . chemical shift (multiplicity, coupling constant(Hz), integrated intensity).

High resolution mass spectrometer+= Jeol JMS-700 Mstationg ©]-83}31al, UV-Vis spectroscopy: spectra
View 2000(K-MAC, Inc., Korea)®} Shimadzu UV-3100 1®]31 Agilent 8453< ©] &3} Th. photo-luminescence®
=A3}7] ¢l A= F-4500(Hitachi, LTD. In japan) fluorescenece spectro-photometerS A}2-3}At}.

FPho 2= 1kW Xe Arc lamp(spectra—physics, stratford, CT U.S.A)¢} mono-chrometor (Newport Stratford,
Inc.), Hand-helded lamp(254nm, 312nm, 365nm)+ Vilber Lourmat®] VL-120S AFg-3}%ct.

2-Methvlbenzo[blthiophene®] 3+

Foict.

ol

sp] WA 3% gol weg

."':::.\} — 1} #=Buli, THF, =78 °C
/!

4
)=
7

4 2) Mel, -78 *C-ri
GEng

Ao A4 #2)7] dlollA benzolblthiophene (10 g, 74.51 mmol) 2 THF (120 mL)ES 250 mL two-neck round
bottom flaske] ®il WA T, Zglololo]x W ol ES o] &3slo] 28 -78 TZ W F, nBuli 2.5 M
solution in hexane (36 mL, 89.42 mmol)S €I -78 TolA 40% &<t WRFAIZ! t}, iodomathane (5.6 mL,

89.42 muol)& H7FeFGIvk. o], -78 TellA 1AZFS BEGAI §, 2%E Feow &Eal 1247k Sk uyk

AR,

12413Fe] A3e F, B2 WS

3 7]
T MgS0IE o F3ke] §7159)

rok

e

A

KeN
=

._ﬂ‘ Oth

& FANAL, B3 dEAZR =00 Z FE) §7
FEE AAT OF, BEYse] de S B wHAR

ol¢} 7ro]l Aojx FWALE flash column chromatography® 2] AA5t] 2-methyl-benzo[blthiophene(&

98%)S F53h3ltt.

Rf : 0.57(hexane).

' NMR (CDC13, 300 MHz) : & 7.72 (d, 1H, J = 7.9 Hz, Ar-H), 7.61 (d, 1H, J = 7.9 Hz, Ar-H), 7.29-7.16
(m, 2H, Ar-H), 6.93 (s, 1H, Ar-H), 2.54 (s, 3H, CH3).
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PC NMR (CDCI3. 75MHz) : 6 140.85, 140.35, 139.57. 124.01, 123.28. 122.48, 121.95, 121.52, 16.82.
3-Bromo—2-methvlbenzo[b]thiophenes] 3tA

at7] Wk 4ol wet wkgS skt

(W82 4]
r—.."—"-"\\
i NBS, THF = -'
K’ o —n— J
T oen Ax §=

Abeo] A4 E9]7] 3loll A 2-methylbenzo[b]thiophene(11.05 g, 74.52 mmol) 2 THF (100 mL)Z 250 mL two-
neck round bottom flaskol] Wi WHAATE, LEE (0 T2 W1 dFnF 39S 4 e 23dA o).
©]%  N-bromo succinimide(14.59 g, 81.97 mmol)& 21 Ao A 124]7F

ol-rlﬁ
o
FJ
T
>
i)
i)

12A17k0] AHek & B2 Wb
o dolA el o] E(FA) 2 FE31
g3l &AS e FE5E.

o]9} o] do]x FA}E flash column chromatography® 2] AA|38le] 3-bromo-2-methylbenzo-[b]thiophene
(& 96%)%

Rf : 0.66(hexane).
" NMR (CDCI3, 300 MHz) : & 7.73-7.69 (m, 2H, Ar-H), 7.44-7.26 (m, 2H, Ar-H), 2.55 (s, 3H, CH3).
PC NMR (CDCI3, 75MHz) : 6 138.30, 137.03, 135.12, 124.80, 124.65. 122.46, 122.06, 106.51, 15.47.

4.4.5.5-Tetramethyl-2-(2-methylbenzo[b]thiophen-3-y1)-1.3,2-dioxa borolane2] ¥4

&t7] wk-gA 5ol wel wkgS FaskiTt.

. 1 TIPB, n-BuLi, J{}-E‘(’
(——::\R_\S FHF Toluene, =78 °C Ir_____:} : B\U/I‘h“
"'ANS)M' ) pinacil, =78 *Car1 \,.J'-ﬂ.\ .\I —
B5% o
Abeo] Aa B9y sloaA] 2-vwedHlZE] 2 #(16.08 g, 70.82 mmol) 2 THF (80 mL)¢} EF<M(20mL)Z 250 mL

two-neck round bottom flaskol] @il WHHAZTE, E=glolofo] A L oA ES o] &dte] LEE -78 TR W&
% n-BuLi 2.5 M solution in hexane (33.98 mL, 84.98 mmol)S Y -78 TolA] 408 B w¥kAAT. 1
o

e EfolAX 2R g o]E(21.17 mL, 92.06 mmol)S ¥ F 1AZF FHoF WHkAR] thS | THF(40 mL) % &
Fal(10 mL)Y ZE3 gMo| £3|A17 pinacol (11.71 g, 99.14 mmol)L P -78 ColA 2A17F WA H T},
ojF, 2EE oo gEa 1243 Tk kA AT

1247 A3 3 BEg ures EAAAL, B3 wgdIZ2agolm(M0) R 2Eete] &7 =& Bald Fo] L

o
MgSO4E ol-&3te] #7159 s AAstaL, FHHste] A5 7Y w53t

o]¢} o] Ao}z FALE  flash column chromatography® 2] AA S 4,45 5-tetramethyl-2-(2-
methylbenzo[b]lthiophen-3-y1)-1,3,2-dioxaborolane (5% 85%)& 53} tt.

Rf : 0.21(hexane).

' NMR (CDC13, 300 MHz) : & 8.28 (d, 1H, J = 7.9 Hz, Ar-H) 7.74 (d, 1H, J = 7.9 Hz, Ar-H)), 7.35 (t,
H, J = 7.3 Hz, Ar-H), 7.21 (¢, 1H, J = 7.4, Hz Ar-H), 2.81 (s, 3H, CH3) 1.38 (s, 12H, CH3).

13C NMR (CDC13, 75MHz) : & 155.02, 144.63, 139.36, 124.75, 124.07, 123.26, 121.21, 24.93, 24.76,
16.69.
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3.3'-(Thiophene-2,3-diy1)bis(2-methylbenzo[blthiophene) (BIT)¢] 3¥HAd

317 WA 6ol wel e st

(- 2 3dibriomothiophene
B PPl Ky OO,

{;5\5
- -
lr.:~-\_ Pz ‘n-f.f'-ﬂ._ == =
b AN ey B ! Y—4,
ol M THFH,O, Reflux {\_ W N
5 9094 g -\“5

Aol A #97] StollA 4,4,5,5-tetramethyl-2-(2-methylbenzol[b]thiophen-3-y1)-1,3,2-dioxa-borolane
(12.86 g, 46.91 mmol) ¥ 2, 3-v]B 2R E|Q#AS THF (200 mL)¢} &7 500 mL two-neck round bottom flask®l
WA A GaAIZl &, Eol EshE K2003(100 mlL)E H7bsd=th. 108 59 A 722 HEHAR

Yy wl
TLE 90 TR 2.

ol%  EHEZVA(EFAY T FeE (3.79 g, 3.283 mmol)S FYsIP L, 48A17F Fot tdste] BFAF

A A3 §, LRE A2oR UFE § ER MES FAAHIL, E ¢ dEdZ2gdel=M0) R FE3
7] & B3 Fol F4 NgS04E o] 831 #7159 83 AASE T Hedste] &84S Ik 5533
ol¢} o] oy FAFE flash column chromatography® #2 AAsle] 3,3'-(thiophene-2,3-diyl)bis(2-

methylbenzo[blthiophene) (5% 90%)S =535}t

Rf : 0.26(hexane).

1H NMR (CDC13, 300 MHz) : & 7.86-7.60 (m, 4H, Ar-H), 7.36-7.29 (m, 4H, Ar-H), 7.16-6.98 (m, 2H, Ar-H)
2.38 (s, 1H, CH3), 2.24 (s, 1H, CH3), 1.79(s, 4H, CH3). (parallel % anti-parallel® 27}X] rotational

isomer 1:2 &£3&)

13C NMR (CDC13, 75MHz) : & 140.15, 140.07, 139.66, 137.97, 137.69, 134.39, 130.30, 129.91, 125.69,
125.31, 124.31, 124.13, 123.81, 123.60, 122.41, 122.23, 121.87, 14.83, 14.74.

BTTO42] A%
3t7] ukeA 7ol Wil WS SalEkgith
[8h&-4] 7]
fﬁr\ﬁ = s
= == = m=CPRA —— — =¥
( AZ—_"' ”.—("/_ Wi TRISAREORS 42_ 1 _§>
7 S,ﬁhs-{qﬁ‘—/ MC { ’fs.h'w&'ks‘- /

oo &'

A2z 3ol A . 3,3'-(Thiophene-2,3-diyl)bis(2-methylbenzol[b]thio phene) (BIT) (0.3 g, 0.97 mmol) =
MC (40 mL)E &7 100 mL two—neck round bottom flaskell @il :HWHA]Z1 & m-CPBA (1.67g, 9.70 mmol)S %
algtglom | AhoA] 12817+ ZoF wHkA T},

T B3 &t "ol Aol E,
=

N
I dgAZ 2ol 23 §7] 2L B o

|
S SAAAT
e AAS L ZEPste] §98 7Y sH8ST).
olg} o] dojR TS Aty oeolHEo]E(EA)E AZAATI] 2] AATOZMN BITO4 (& 9295 5
EIsi=

Rf : 0.26(hexane:EA=2:1).

' MR (CDC13, 300 MHz) : & 7.82-7.30 (m, 10H, Ar-H), 2.17-1.89 (m, 6H).
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PC NMR (CDCI3, 75MHz) : 6 136.01, 133.49, 132.20. 131.42, 130.38, 129.89. 129.75. 129.39, 129.24.
122.79, 121.87, 121.81, 8.37. 8.09.

HRMS (EI+): m/z calcd for C22H1604S3: 440.0211; found: 440.0211.

Anal. Calcd for C22H1604S3: C, 59.98; H, 3.66. Found: C, 59.68; H, 3.67.
MeBTTO42] A%

- MeBTT9] 3HA4

Fg neBuli, THE, =78 °C (’Lﬂ
— \= — Mel, =78 °C-tt ={
é‘_ﬂ% _"."-/ K-'J'—ﬁ) 98 {;\}\_:{_\— ()

~L >

5 57

2o dA E917] dhellA 3,3'-(thiophene-2,3-diyl)bis(2-methylbenzo[b]thio phene) (1 g, 2.66 mmol) =

k7 100 mL two—neck round bottom flaskel]l ¥Wil WHHA|7A f3|A]7] & 55 -78 TE Y&
% n-BuLi 2.5 M solution in hexane (1.59 mL, 3.98 mmol)& ¥l -78 TolA 1At F<F WA ALY, 1
U, CHI (0.33 ml, 5.30 mmol)& Wil g=2ollA] 12413 &<t aRbA ZIt,

12A17ke] A3 5, 2 b
NgSO4= o]&-3to] 7]l

FANNT B gAF R =R FEH] 47 & Be@ g T
IASHa, FElFste] §oe At wES.

o]9} o] Ao ZFALES flash column chromato graphy® 2] A A)8te] MeBIT (& 98%) S 453813 t).

tlo o

Mr olo
N

Rf : 0.29(hexane).

I NMR (CDC13, 300 MHz) : & 7.84-7.56 (m, 4H, Ar-H), 7.42-7.31 (m, 4H, Ar-H), 2.62 (s, 3H, CH3), 2.38

(s, 1H, CH3), 2.24 (s, 1H, CH3), 1.79(s, 4H, CH3). (parallel % anti-parallel® 27}A] rotational
isomer 1:2 &3&

- MeBTTO49| 373

s71 wgA 9ol whel wke s

“ s /J“
—_— — : r*—tLl’BA
0 B QO
E 8

R4
E:I f.l

A2 B7] slollA MeBIT (0.3 g, 0.77 mmol) % wWEAFEelo]=(40 mL)EZ 6*7ﬂ 100 mL two—neck round

bottom flaskoll ¥ REAIZ] ¥ m-CPBA (1.33g, 7.70 mmol)& H7}stlom, Ad2edA] 12A12F 5 wHHAIH]
o,

12A710] A ¥, B3} 20g vl dsolE, AUE volstEdelE, 2rg HOMAIES Artetel W
& FAAAY. BR AgAITRAISR FES0] 471 F2 RAT 08 B4 WgS04E olEe] §7159 &
2o AASYD, BEPsel gL 49 HHSAT

Rf : 0.30(hexane:EA=2:1).
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' NMR (CDC13, 300 MHz) : & 7.75-6.95 (m, 9H, Ar-H), 2.66 (s, 3H, CH3), 2.17-1.89 (m, 6H).

“C MR (CDC13, 75MHz) : & 144.29, 136.05, 133.37, 132.29, 131.34, 129.79, 129.66, 127.19, 122.87,
121.79, 121.76, 113.08, 15.56, 8.37, 8.09.

HRMS (EI+): m/z caled for C23H1804S3: 454.0367; found: 454.0368.

Anal. Calcd for C23H180453: C, 60.77; H, 3.99. Found: C, 60.57; H, 4.48.

PhBTTO49] A==

- BrBITS] 343

s7] WA 100] weh e st

LD Qﬁ@

Aeol AL B9} 3lellA 3,3'-(Thiophene-2,3-diyl)bis(2-methylbenzo[b]lthio phene) (0.9 g, 2.39 mmol)
2 THF (50 mL)E &7 100 mL two-neck round bottom flaskoll ¥ i WHEAJFT, o]F N-HRZ T &Aooz
(0.47g, 2.63 mmol)& Wi Aol 1247+ &< WHkAF T},

QAT EE H7}sl]

1271 7k] 72}k ¥ %i HheE SAAZAL 2 E B
| T& 22 v 7 NgS04= ol8ste] 7159 e AAS AL,

3} o gobaelo]
e ste] g

o]9} Zro] Aojzl ZALES flash column chromatography® Ea] AA3te] BrBIT (F& 96%) < 535+t

Rf : 0.28(hexane).

1H NMR (CDC13, 300 MHz) : & 7.87-6.90 (m, 9H, Ar-H), 2.38 (s, 1H, CH3), 2.24 (s, 1H, CH3), 1.79(s,
4H, CH3). (parallel % anti-parallel® 27}A] rotational isomer 1:2 &3+&

- PhBIT®] &4

Phenylboronic acid
PA(PPhy),, K,CO;

THF/H,0, Reflux
0%

Aol A E97] skellA BrBIT (0.2 g, 0.44 mmol) % YK EAFS THF (20 mL)9} 37 100 mL two-neck
round bottom flaskel Wil MWHAIA &3|AIHT. I s, B 3 K2003(10 mL)E 78t 108 &<

fmAS);
Ar 7t22 HEHAZ &, 25E 90 T2 &3th. olF, HEHI|2(EHAd¥x23)Z2+H(0.036 g, 0.031
mmol )& F7}slaL, 244 oF 7

N

24X 7ko] Ak Foll £EE Ad2or WEla, ol =2 wes TAN7IAL =3 vWEdS 2ol =00 =
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T7] S& wEE v, B MgS04E ol&ste] 715 e AASaL AE Y] S 4§

o]¢} o] Ao} FWAZS flash column chromatography® %2 AAI3te] PhBIT (& 90%) S F53Ftt.

Rf : 0.20(hexane).

1H NMR (CDC13, 300 MHz) : & 7.97-7.31 (m, 14H, Ar-H), 2.44 (s, 1H, CH3), 2.28 (s, 1H, CH3), 1.83(s,
4H, CH3). (parallel % anti-parallel® 27}A] rotational isomer 1:2 &3&)

- PhBTTO49] 3+

A2 B9 7] &bellA PhBIT (0.1 g, 0.22 mmol) ¥ wlEdAZFZeto]=(40 mL)E 4 100 mL two-neck round
bottom flaskell @i wykA]Z) & m—CPBA (2.21g, 2.20 mmol)S H7Fetar Ao A 12A17F E<F alwkA] #th,

| AnE T, B9 20% ol dslolE, AUE velRuelE, AUE Bl EE Hrtsel W
& FAARY, B3} dAFRGIER FEe] {7 3L PO g TS5 NS4S olg3e] 715
e AANT BEYst] §AS Bt FHsA.

ofgh o] ol FALE Eitat olHolAE o] E(EA) R AdAste] we] AAste] PhBITOA (& 89%)2 53t
=t

Rf : 0.35(hexane:EA=2:1).

' NMR (CDC13, 300 MHz) : & 7.74-7.25 (m, 14H, Ar-H), 2.20-1.93 (m, 6H).

“C MR (CDC13, 75MHz) : & 148.35, 136.05, 133.52, 132.36, 132.30, 132.16, 131.86, 129.93, 129.79,
129.41, 129.25, 126.12, 124.46, 122.84,

121.90, 121.87, 8.50, 8.18.

HRMS (EIt): m/z caled for C28H2004S3: 515.0524; found: 516.0523.

Anal. Calcd for C28H200453: C, 65.09; H, 3.90. Found: C, 64.80; H, 4.05.

BzBTTO49] A=

- BzBITS] 343

a7) Wga) 1300 Wl wke

o
ol
o
QL
32
T
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Benzoyl chloride, AICI;

MC, 1t - Q:__ /

8% P

e

2.66 mmol) % wldAFZEEFo]=(100 mL)E A 250 mL two-neck round
15ﬁ%ﬁ1§,@&%%;ﬂlﬁw4m 3.98 mmol)S il Ao A 158 FeF wHHAIR
2 Hrtsln 1A7F BoF wwA T,

A1zl A & B2 9h3& FAAY|L EY WEAF2eol =R FE5Y 77 F& BE¢ e, 9
MgSO4E ol&3ste f7159 T84 AASE HEHS Y 98 A sFAFTH
o]¢} 7ro] Ao FALE flash column chromatography® #2 AAste] BzBIT (& 78%) S 45381},

Rf : 0.57(Hexane:EA=4:1).

1H NMR (CDC13, 300 MHz) : & 8.05-6.98 (m, 14H, Ar-H), 2.57 (s, 1H, CH3), 2.41 (s, 1H, CH3), 1.81(s,
4H, CH3). (parallel @ anti-parallel®] 27}#] rotational isomer 1:2 &3%+&)

- BzBTT04¢] 37

a7] wbg el me) whe-g FAsgl)

m-CPBA

MC, rt
85%

Ab2o] Q7] Fholl A BzBIT (0.2 g, 0.42 mmol) % wlEAFZ2}o]=(40 mL)E &7 100 mL two-neck round
bottom flaskell @i wykA]Z) & m—CPBA (0.72g, 4.16 mmol)S H7}etar Ao A 12A17F E<F alwkA] #ith,

124 7ke] Aagt 5, F3} av vlolduo]E, AR vlo]7tRUYO|E, &H E AN ES FHIlste] Wk
= TAMNGE. 23 dEdSRge]lng FE5] #7] 82U vs T NgS04E olEste] #71Se]
BS AAsIE e Ysle] fHS 7t A HT).

[

b 2ol Qoll WALE abat olHobAElOIE(EAR A Al B2 Al BBIIOH (& 850) & 55
e,

Rf : 0.22(hexane:EA=2:1).

' NYR (CDC13, 300 MHz) : §8.06-7.14 (m, 14H, Ar-H), 2.22-1.91 (m, 6H).

13C NMR (CDC13, 75MHz) : & 186.88, 146.25, 136.75, 134.91, 133.40, 131.91, 131.67, 130.28, 130.23,
130.02, 129.79, 129.25, 128.94, 127.90, 122.40, 122.17, 122.08, 8.55, 8.25.
HRMS (EIt): m/z caled for C29H2005S3: 544.0473; found: 544.0472.

Anal. Calcd for C29H2005S3: C, 63.95; H, 3.70. Found: C, 62.70; H, 3.88.
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[0227]
[0228]

[0229]

[0230]

[0231]

[0232]

[0233]

[0234]

[0235]

[0236]

[0237]

[0238]

[0239]

[0240]

[0241]

[0242]

[0243]

[0244]
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A 2

BITO4, MeBTTO4, PhBITO4 3! BzBITO4] @ ¥ 54 4

7}. BTTO4

- BTTO4¢] WV-Vis 2~ EF]

5

BITO4S oEolAglo]E fdod 1.0 x 10 M HEZ AZ3te] /M o]A=AA 2 PSS(photo stationary
state)oll A9 H 3t o)A AA Y WW-Vis &F AHMNERATINE SAH3Y L.

SAYHoRE g o] dAA e WV FHaE A H 3 o] dAAE HIAAL HFol= xenon lampE ©]-§-3)
o] 312 nm IFo] WS XAbste] PSS(photo stationary state)® WHEo] Fa1, R i o] A A A=
Eol7HAl & ASedl= OHP-VIS lampE o]&3l3itt. FHAS Zte 73 o] ddAd WE XASHH =gkdox

%ﬂ&”éﬁiowwmlmmzﬂo&%t%1UNOEE%}H%ngéaiﬂz 1% 102 FF0 2 Ve
ZARSE &, X 1olA] UERE uble} o] 71EL F o] dZ A F54 w(Amax = 253 nm) ©]€d] A2 FF
u(Amax = 487 nm)7} #AEHAC}. T3F BIT049] coloration-decoloration cycle switchingS ##3}7] ¢3)

of AtolZ& 103 WBdtel FHEE S, 1 ARE w19 dehhth. 4] BHoRRE A2
wEatel AEE Aol Anaxold FHES Wast Ao Qe AL s,

- BTTO49] 33 ~HEH
BTTO4E ﬂ%%ﬂﬂﬂE LA
state)oll A o] #H 3l o)A A 2]

SAHPH S UV-Vis-spectra®t 53 oz R8sl on o AE & 29 UrEM%"*E} A7) =de) upz
, PSS(photo stationary state)ollA UV Hth S <1 487 mmoll A oJ7|AH S ul, 3 o] AA = 548
mol| A 733t & go] #EAFHAT

/‘1 1.0 x 10" M F=2 Axsteo] /g o4& A 2 PSS(photo stationary
_]

= |\

UV-VISS} vz tA 2 &3 ~9HS #2517 98l coloration-decoloration AFo]ES
s A9E = 20 YERY. A7 THOZRE, PFAM7]e Welrl A gl A Qfﬂﬁ}ﬂr/}.

L}, MeBTTO4
- MeBTT049] UWV-Vis ~HEH

MeBTTO4S ogolAEo]E fMoA 1.0 x 10° M FTEZ A Fste] s o]AdAA = PSS(photo stationary
state)ol A HE o] AA e W-Vis TF 2ANERZAFYE =AU},

o
T

JHo R = g o)A W Fas ARSI #HlE o] dHAR AFAA ol xenon lampE ©]&-3}
312 nm 3¢ Hlg zAlsle] PSS(photo stationary state)@ THEo] Fai, W= JHE oAl AA HHE
ol7 Al & ZHS-el= OHP-VIS lampg ©|-&3t3itt. FHAS zke /3 o] dA e Ve At =gz
SFaL OHP-VIS lampE ]88l HhAl FAo 2 Fopfivk. UV &4 A EA R 102 1H4
% 394 el BRe} o] ]Ee] JiE o] F A &4 w(Amax = 255 nm) o)Ll AR

83 nm)7} TEHJTF. T3 MeBIT042] coloration-decoloration cycle switchinge T&3al7] $18Fe] Alo]
cycles 103] WHEste] 53 =E SASNT. 2 2345 & 30 YERIT. A7 EHORREH Alo]lE
tol Ae F9-oe AmaxolA FF=0] W3yt A9 e RS st

Job (B o Qe

o iy

z flo & -
1

ol

¢

- MeBTTO4¢] &% ~dHEH

MeBITOAZ o eolMElo]E &oloA 1.0 x 10 M sE= A%ahe] 718 o]d=dA 9 PSS(photo stationary
state)oll A o] #H g o] ddA o] PL AHAEHS AT

SAYYEL U-Vis-spectradt =43 W oz Agsiglon], T AI}s = 4o YeplAt.

A7) =Ho] w2 PSS(photo stationary state)olld UV Ao & 3b4<1 483 mmol A AA7AIHS o), #H
o] H A= 548 nmoll A 733t FaFo] #EH AT
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[0245]

[0246]
[0247]

[0248]

[0249]

[0250]

[0251]

[0252]

[0253]

[0254]

[0255]

[0256]
[0257]

[0258]

[0259]

[0260]

[0261]

[0262]

[0263]

[0264]
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UV-VISe} vlzi7ix| 2 &3 29S8 B#317] ¢+ coloration-decoloration Ato]ES 103 HbE-&te] &3-S
O

WA AAE = 4] el 7] =R sRY, A7 Wt A9 fle AL seleilt.
th. PhBTTO4

- PhBTTO49] UV-Vis ~HEH

PhBTTO4 S oEolAEHo]E fMoA 1.0 x 10° M FTEE A Fst g o]AdAA = PSS(photo stationary
state)ol A e #H3 o] AA 9 W-Vis T A2FERATUE SA6QT}.

2
z

O

WHoeze= JNSE o] dF A WV B3-S Abste] #Hg o) dHA® HASAIL Ag-oll= xenon lampE ©]-&38F
312 nm ¥F¢] Hlg FAlsle] PSS(photo stationary state)@ THES] Fai, W= JHE oAl A HH=Z
ol7FAl & Z9-olli= OHP-VIS lampE ©]&stith. FHAE 2= I3 o] ddAdd WVE XAl w=diow
3lal OHP-VIS lampE o]&3hd tha] FAo g Zolzity, IV &4 AHEHGME 10% HHo2 Ve FAME
= Soll A yERd wke} o] 7)E9) g o] Al F4 wW(Amax = 279 nm) ©]®le] AEL FF W (Amax

401' (B 2

= 502 nm)7} #FEUCF. T3, PhBIT049] coloration-decoloration cycle switchingS #ZE3s}7] $8te] Ao
25 cycles 103 ¥HEse] FFEE S, 2 2345 X 5o YERAT. AV EHORFE AlelE
S dhEste] AFeE F9olk AmaxellA FFE WS AL flv AS AT

- PhBTT049] &3 ~#HE

_I

PhBTTO4E o EolAElo]E &MoA] 1.0 x 10 M

TEE Azt Jlg o] & A 2 PSS(photo stationary
state)oll A1) #H 3l o] ddA 9 PL 2FEHE ZH433lt).

7S UV-Vis-spectra®t 43 WHow gsiglon, 71 ARE & 60 YEpAAT.

A7) Two] w2, PSS(photo stationary state)olA] UV Hdl &4 349 502 mmoll A 37X S w, =3
ol A A= 562 nmol| A 73 EFo] AEE AT,
W-VISe} vix7ix =2 83 ~9H& ##37] 915k coloration-decoloration AFo]ES 103 WHE3lo] 38

g AnE & 6 JERSIT. 7] EHORRE, FFA7|o Wyt A9 fle AS IS

2}. BzBTTO4

- BzBTTO4¢] UV-Vis A~FE

BzBTTO4ES ogolAEo]E fMoA 1.0 x 10° M FTEZ A Fste] g o]AdAA = PSS(photo stationary
state)ol A H3E o] AA e WW-Vis TF 2ANERZAFYE A3},

o
T

o R = g o)A WV FHaE ARSI #HlE o] dHAR AFAA ol xenon lampE ©]&-3}
312 nm 3¢ Hlg zAlsle] PSS(photo stationary state)@ THEo] Fai, W= JHg oAl dA HHE
ol7FAl & Z9-olli= OHP-VIS lampE ©]&stth. FHAE 2= I3 o] ddAdd WVE XAl w=diow
Skl OHP-VIS lampE °]&3tH thr] FAo = Fopzitk. IV S A E-AMRE 10% 1t
, = 7oA vEbd bkel o] 7)ol JHEE o] A A el F4 W (Amax = 283 nm) o] elo] A=
= 519 nm)7} #ZE A, =3, BzBTT042] coloration-decoloration cycle switchingS ¥#2&}7] 9l5le] Afo]
25 cycles 103] WHEsle] FAEE S350, O AFAE = 7o YEAT. 7] EHORFE AbolF
= WHESte] AET A9olk AmaxolA FFE=] W7 719 gle e S5

-10\' (o 2

BzBITO4E o EolAEHo]E &Moo 1.0 x 10° M TR AFRste] M ol AA 2 PSS(photo stationary
state)oll A1) #H 3k o] ddA 2 PL 2FEHES ZH438lt).

Z4uhg e W-Vis-spectra®t 53 Wow Qagstgon, 1 472 = 8o e,

o

}7] =do| wrE=W | PSS(photo stationary state)olld UV Ho) &< w4<l 519 mmol A 7 A1 HS o), #H S
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[0265]

[0266]
[0267]

[0268]

[0269]

[0270]

[0271]

[0272]
[0273]

[0274]

[0275]

[0276]

[0277]
[0278]
[0279]

[0280]

SIHS31 10-2019-0089244
o] A A= 546 mmoll A kg & Fo] BHHATE,

UV-VISe} vlx7iA 2 &3 293 S #23817] 38te] coloration—decoloration ARo]lE
s 4395 = 89 LPEW%%EP 7] EHORRE, YFFAT|e Hs A9 gle AE Elst

wl. BTTO4, MeBTTO4, PhBTTO4, BzBTTO42] UVGPL = EZ H]w
- BTTO4, MeBTTO4, PhBTTO4 % BzBTT042] UV spectra

= 9o vbebsi mlol o], BITO4 2 MeBTT042] UV AHEHLS 7+ Fror MZ FAIEE #H3 o] Ao &4
3} (BTTO4 Amax = 487 nm, MeBTTO4, Amax = 482nm)S YeERIia, #H 3k o)A F
FHE Fg vk FES YERAT.

ole} &g PhBTT04 ¥ BzBTTO4+= #H & o] @A ] &5 o] 27 502mm 2 519mm= A, A4 A|ZEgE H3s
vk, #H3 o) dAA e A &5 el Ao FF %= PhBTT04 B BzBIT047} Hl=gh A&S H3lom B
2 MeBTTO49] F3 =R W FH=E ey,

- BTTO4, MeBTTO4, PhBTTO4 % BzBTT049] PL =~ E™

=
o
R

<l
o
9,
>
lo

%= 100 el uble} o], BTTO4, MeBTTO4 2 PhBTTO4:= ZHz tf2 3% w913 943 el Qo (BTTO4 A
max = 548nm, MeBTTO4, Amax = 548nm, PhBTTO4 Amax = 562nm), &< FxoA B3 I3 47|12 Jel
ok, WA BzBTTO4E= thE A 37]of vlste] 3 M717F ¢F 108] X k).

v}, BITO4, MeBITO4, PhBITO4 B! BzBIT049] HPLC 4]
- HPLC &4
BITO4, NeBTTO4, PhBTTO4, % BZBITOAZ ol EolAElo]E &olol A 1.0 x 10

M =
ZotEII S o] &3 HPLCEA S a8kt Ao = C18 colume o83k, o]som opEYE
48 25 41 2 EFste] ARgEglen, 52 1.0ml/nine2 A4l

Ay

SAHHE V-Vis 2 EHY e WHOZ xenon lampE ©]8354e] 312 nm 3749 HS FA}Ste] PSS(photo
stationary state)7bA UVE ZARgE 5, #& o] g d Aol tidk A4S Fastdlon, A= /HE o] ddA
B2 Zol7lA 8 uwl:= OHP VIS-lampZE ©]-83}o] decolorationAl?]l & 7l o] &dA|e] HPLC #A&
Tyt

HE g2 N o] dAet #HE o] d & A isosbestic point IS AE ST

A=

)

- HPLCZ ©o]&-3F BITO4, MeBTTO4, PhBTTO4 2 BzBTTO49] #H 3 = 3+&

HPLC ¥4 A3, s}7] ® 1o e nle} o], 7]&9) QO}%oﬂEﬂ?ﬂ 3}3t&21 BITol 10}04 Fal B i
8-S =35l 345 BTTO4, MeBTTO4, PhBTT4 @ BzBIT047} =& #H 3k A3
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[0281]

[0282]

[0283]
[0284]

[0285]

[0286]

[0287]

[0288]
[0289]

[0290]
[0291]

[0292]

ZIHSd 10-2019-0089244

* 1
Detection Conversion

Compounds
wavelength (nm) %)
BTT 958 A
BTTO4 262 67
MeBTTO4 260 65
PhBTTO4 201 23
BzBTTO4 276 97

[
ol
-
=
ws]
H
H
S
=
e

BTT9} thu]sh#, BTTO4, MeBTTO4, PhBTTO4 ' BzBTTO4E -2 w3 H&S e,
BzBTTO4+= 80% ©]’d<] A&&S Yehsich. =gk, BBTT049] Z<-, 100%o] 717k A
a5 eI

% A=Y D WPLC FAS V122 sel, Jels FA5E D AR FAFES SASAG. A9
4 3 usE Balol FHE BII0L AL ¥ wes FAeE, 2em drHen we AR FAEEL o
Bl v BPLCE S4E ¥E A8 Afae] Pdus vz 2 5 o

FmAon, nes FA5E L AR FAFES A% 7] F4 1D 20 9ste] AEAAT

=2.303 x10% X I, X &5 X @H%t

Abs(=)— Abs(0)
Abs(o)— Abs(r)

(534 2]

Abs(0)
n
Abs(t)

=2308 x 10% xl % 5 % B gt

Abs(o0)¥ photo stationary stateoAo] SHE=E u|st, Abs(t)E tZoAY FTFHZo|tt. [ FAF #
A7](irradiation light intensity)®A 7| 4AFE=E 7+ F Aot e, B e .5 47 3 o] & A 7Y
g ol gAY & 7 Algeln, UV 2HEfogRE 78 F gtk C % Cx 44 JiS o) ddA A #H g
ol dAA9] Fieoli, HPLCE Ate HE&s ¥Fdh ¢, X o= 47 23 FAFE 9 A S

s U, BE JIAE =99 ol A 5 o A=EE gS s & 200 YEilth
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[0293]

[0294]

[0295]

[0296]

[0297]

[0298]

[0299]

[0300]

[0301]

[0302]
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* 2
Amax (0m) /e (10° M rem ™)
Compounds Po—c Pc—o Conversion
Open—ring Close—ring
BTTO4 0.10 0.041 82 253/16.2 487/25.0
MeBTTO4 0.11 0.014 70 255/16.3 482/26.3
PhBTTO4 0.63 0.024 93 279/14.1 502/12.8
BzBTTO4 0.67 0.028 92 283/16.8 519/14.3

A7 Fel w2, BITO4 2 MeBITO4E ©F 0.19] 3]s FA5ES Hgom, PhBITO4 2 BzBTT04E ¢F 0.6
ol mEsl FAFES EMYE v, BITO4 2 MeBTTO4 thH] oF 6u] Z7td Aol M3 FA5&2S oF
0.05 AFolZ2 2HA A4 E A

A7 A2 RE, Aeid 3 43S AX BITO4, MeBITO4, PhBTTO4, 2 BzBITO4E UV Aol A 73 o] 4 A
7} H g ol dFAA R o] B} fo|gS & & Tt

G FArEe Bdo]l ¥ Ug wEse Axs urhds dxtelth. F WA 2de F3S vehd F 9l
o, PV 2 WV FFEES 5o &y z‘z‘ 33} o] AAte 4 Qv

7w, b VIE BF FATES U, A SAstA sk ek PL A ER ] A
Wk, A= 715 PL 2 ER ] AEGS YERATE Absce SAHILAL St S E A SR, Abs.

71 Ad FFEeIt. A= ghE sl & 3ol YERAIT.

ol

X3
Compounds Apey (nm) O
BTTO4 248 0.031
MeBTTO4 548 0.025
PhBTTO4 562 0.036
BzBTTO4 246 0.006
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[0303]

[0304]

[0305]

[0306]

[0307]

[0308]
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A7) 3o w=W | BITO4, MeBTTO4 2 PhBTTO4E ¢F 0.039] 3 Sxp44&S 7FAu, BzBITO4o) A& 0.006.2
2 ZHFo] oF 6u] ¥ FFole B, HFAZAM &S T4 HEIi).

Aest A2 aelstd, AA gl A% BITO4, MeBTTO4, PhBTTO4 @ BzBTTO4:= t]oldo el A BITE A zbe}
o] BIT Ul Wizel gl shfd 3 diol s d84 4bs)l vbgo =z 3Hgdsigltt.

4 Ay, w8 183t FAFEES Jehdt. o, Adgidoer e g A4S YERT. 59,
zF st tig #Heo] Fuetditt. AL =2 ASE, Ad84d AYUSF A, 2 =2 UIREE 53}
o &9 ~nlE AR 2ulE H FX Fogo HE VS AT Aow wohEr),

w3}, AEd g AskE Fabed 9% BITO4, MeBTTO4, PhBTTO4 2 BzBTTO4: 312mme] #}9)4d shol] ofdh &%
S UERHAY, Al 2 8AS dEh] wiiell Ao B3 AlMze] A8 ThsAde] &t

H A lste] golatA ol4® & glow,

R
EW]
= 0.25
BTTO4
0.30 = ® = 5 5 @m g = oE® g
0.20
240s E
6
} Os i 015
4
Z 010
£
Z 005
=
I T A R A
\ Nugtr i) 000 m i ;i ; ; '
300 400 500 600 700 800 o 2 4 6 8 10
Wavelength (nm) Cycles
EH2
250
—BTTO4 W
[ ] L] L - - [ ] L ] - -
2 22
p M 150
2 E
= 158+ g
2 v 100 |
Z o100p :
= 5
ok . . Gbg: ® % ® = m @ W W oA W
C I 1 ] ] 1
500 550 600 650 700 70 800 0 3 4 § 3 10
Wavelength (nm) Cycles
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0.30
MeBTTO4
o2sk T T T = 2 T e omomom
£
B E‘; 0.20
=3 -
2 S 015
5 :
2 T 0l0f
2
005
GngN A W oM W ow WO b ¥
700 800 o 2 4 6 8 10
Wavelength (nm) Creles
RV
200
——NMeBTTO4
| Eléﬂ-'..-.---..
=
7
: .
L 1000 :
‘; g 80|
z E
= 50+
Bh v e o oy ) e -5 o= 8 % M B8 O B
300 550 600 650 700 750 800 0 2 4 6 3 10
Wavelength (nm) Crcles
=5
0.25 0.15
PhBTTO4
020} T T T S T S
EIJ].EI
= 60s § 3
: z
< Z 005
=
. " s o= 4 | % % oy i
b 0.60 | 3 R ; &
600 700 300 0 2 | 6 § 1e
Wavelength (nm) Cyeles
=16
250
— PhBTTO4 T T
200} 150
z 1s0f =
= Z 100+
=2 =
5 100 =
g sop
= sof =
u L] ] [ ] L] [ ]
] L] L
0k 1 ! 1 L 1 O’T ' 1 ' L T 1 ' 1 L 1
500 350 600 650 700 750 800 1} 2 4 6 8 10
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k1

Absorption

Absorption

Fluorescance Intensity

H7
0.35
BzBTTO4
0.30 -
D251
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G0s
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0s
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0.00 I | 4
300 400 300 600 To0 800
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w8
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5 -
u C 1 1 1 1 1 1
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9
025
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o2 0 e PhBTTO4
3 —-—- BzBTTO4
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Ahsorption

1inm

5

A bsorbance at

01l =
. S R R SR
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90
| | | ] u | | " . n . . .
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oFL® = = = = ® g " a oa
i i i | . i . i . |
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0.40
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0.35¢ - - - MeBITO4
+----PhBTTO4
Wi o ~.-- BZBTTOM
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Fluorescance Intensity
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200
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100
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