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MEhdZ enifrshTn
%. 2, Feringa4% 23BH % L (M,M)-trans-1 (P,P)-cis-2
ratE—s—t X, A7 1 Fig. 1-1 Photochemical and thermal isomerization
@ cis-trans 2BV ISE Z B J] processes of the molecular rotor. Adapted from
W LB (Fig. 1-1) HHk- "L
B AAEFoHEORLRLT, MEFEDTFORRBRICHERESEMRLTND,
cis-trans e BIELEZ R T AL 7 0 D L HIT, KITIEE L THEESERZ
PACSE D0 FI1%, DESEMD T EFEN D . eSS S, S pH 72 &,
B2 BB RS T 5 TRIBOS 2 AR OBFTEIE, A 4 4 =0 AR
HREMOER I L, 200 FLFHNT Tu—FO—2L LTHLAEE -
TWH2HFIZ7 4 7B IXAE, A7 hm b7 br=7 ZAG5BOREITIA L
HERL 2 2HIBICEHRTHY, B F AT LAOEERERERE L THERS
nNTng 3 Zx brrIX50E, TRICE>T—FHmb 5037 mic ik
END,WMINART MV DORIR D 2 5O(LFRME O AW ERIND.
TROL-REIZIE, WO REEONRIIZ L > T, MO EAFHHA TR
AT 28RE LTHHATE . MRS TO7+ b7 v I XL, il
FHBROLZICHRI T D720, GFHLIMT bk 4 2Lz e & - TH
WMTHZENARETHD.
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ObHLbAE 7T+ M7 v v 75 b) = v / \ NO,
T ORER ELTHBND Nho O NO visible ®Ni2 O

(Fig. 1-2) 7/ X ¥ D3R P
c)
X, 19374 Hartley & O %3¢ v
WECIZWM D0, FRIZBIED T N 4N visible [ \
R™ s s” R RS S”OR

+ h 7\ I X LR O BT,
19524E ® Fisches Hirshberg®
XD AR E T U HHDARSE S
MBI L 7R > TVND. S HIZ198BFEIC NI ME L2y T U —x2T 7T,
PRZ vyt e L TORZENRORLRGT, B LUMANM, &
WIS, @mdINEEE W o e RBIT LY, EMEAAL v TF U 7T A
A R7g Ekk & TR RS REM B~ D IS T REME A 80 0 BV -

T V— T D7+ b7 v I XAE, Woodward-Hoffmandll iZ9E - 72 61
BFERIREIGE LTHEITT S, ~F V% M) = UROBRRKIE, £< 05AE%504
FIRDO BRI E S HMEATH DM, ~F VU U ROBRKIE, HEROK
MO E o TR DRI BRI EZ b BERTD. 29 LIEWIREITYT Y —
N T U ORKRORFEETH D73, BB OE S & B THEE OEWIT,
W LIS b Bk < et 2 bz b 7 63, BN, Bk, B, sotRER
EFRMEARE BT o2MEO - THY, T EHITI > THIE T 5 A
MAEIINCAT b T 5 8,

Fig. 1-2 Photochromism of a) azobenzene, b)
spiropyran, and c) diarylethene.
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ELTIELSRBAEINTOWDEION AL v F o T2 o 7Eg°% Thh, 2
BT ONBEIC X o TRATHICH O off REED D E O onREEE AT 2 1%
M d & X7 (e.g. PA-GFEY, PAmCherryl), @ HBHIC L » TH LK E
AR SE D OEMRE Y NI (e.g. Kaed¥, EosFP?), @R 725 E D)
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N7 & (e.g. Dronp#, Fig. 1-3) (243 &

ns B 2 vFoTENE RN IE
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P % R E U CHEE O AL D I 128 Y onfk
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BOXAFT IV ALK T HZ LT, &
T OB T A RCE B, LR 4 T[]
HAEERNZREOEHREZHGL 2 LN TE
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NRIBETIE, 1 >OEMEIC>Z 1EOZ
NPT TERWNWTEDITA A=V
JRREZR B NR ST LE S A, Al
72 el b w2 o HEE v 5
A,t%%m%1®$mm >TDOHEAF
7 A &FE—MEANTHERYIRL A A=
VT HIENTED. E, RO
onfoff A4 v F o 72X » CTBHI+ % #i
PHZFRET 2 2 & T, Mk - BRSO/
“*&&i%ﬁf@%ﬁ&%@ BT 5
R A LA BLHIATREIC D, S BT A

1) 72 4 % on/off A A /%/&T@bi [B] P PR S & % 7= 22 16 49
RGP WBE O E IR E > T D (REI K OE 2 &I
TOLTIEHAAL v TF U TENT N7 E]

EToAEYBTIEIZFE L,

X, N"A AV A = ARG
BfER b AT WE M & THFIE N ED 541 C

488 nm 405 nm
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A N . 1
f).’\,/
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oY

Fig. 1-3 a) Six letters written
successively on the same field of a
cover slip overlaid with immobilized
Dronpa protein; b) Fluorescence
photoswitching and S-barrel structures
of Dronpa. Adapted from ref. 14 and
figures in the press release of RIKEN.
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NRAFH A T2 ASBH~OIEH% F;F
SR LR T Y — LT RR

SCE 8

DRFFEBI & LT, AR O B 30 40 it
WM 7 e —7 DN H 5. PALM
(photoactivated localization micro

scopy)’ =X STORM (stochastic O

optical reconstruction microscopy) C o, P!
R ”s\\gtol/s“ R

& o T R G aOC BRMEE T, 3¢/ 4c (i"%m

BIERGEREO Ny 7 7T 7 RE 3:R:——© 4:R = ”\;/\MQ
SERICHEREICL T D, KRS
IZ X - THe )t on JRBEA JE K X Fig. 1-4 Molecular structures of diarylethenes

n J= 2 = - o 3, 4) and photographic fluorescence images
. o= n—
LMIEEATR S =z before (top) and after (bottom) irradiation with

7ELTHWD Y7 U—/L=F  365nm UV light. Adapted from ref. 19.
SNTE, WRIREBETH D BBRIK NI

HOEHE, AR K5 CART BB s y O
RS2 BT 5 turn-on B o e A 4 LT SR (v L SS L,

v F v IR AR T L, Ek onfoff dkiE 5000
Day b7 ANPHPETH D EFENK :
BEND. AMLE 20, $1 Fazy e | o L o fﬁ’k@iﬁ
& % thienyl %% sulfone IZf&{L L 7= S,S ° e Oﬁ R=] Kgf
dioxide Y7 U — /L= F v & HAE L LT, 5 Ttetra-add’ 6:"octa-acd!
O on RO PABRKIZIB W T, mWaEt
B ER (~0.9) L EAWELEE (>4 x
10 Mt em?) 2 HFT @MY T Y — b
=7 (3,4 WE L= (Fig. 1-4) £7=
BT TTlE, 31D carboxyl k48 A L
725, 6 Z monoN-hydroxysuccinimidyl esters
(NHS) (& L OIEMEAE L, fREcs T2 K Ic:ilig.rylel’t:enez/lOI(e;u'aGr) ::(;JCHIJ%:EGSSOLI?'I]f

PL & % BH W T RESOLFT (reversible images of the whole fixed Vero cells
immunostained with primary

antibodies against a-Tubulin and with 6
B 21T 9 2T & T, 715 nmOZE[H 43 fiFHE  attached to the secondary antibodies.

T BB A — VR S Ty Adapted from ref. 21,

50/ 60 (FE L) 5¢c/ 6¢ (HE1HE)

RESOLFT

saturable optical fluorescence transitioR%)
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% (Fig. 1-5)2L. —J5, s@i% etk S,Sdioxide . .
DTV =TT U, EDELN 1%L T L w O
A O A e EATE T é:\g}s’ é i’
PHE STV SR, Ahn B 23, thms 70T 7e ()
> = v hIZ dihydro-thienothiopyranoné i
AL —T7 U=V W5 (7) 5%, turn-on G _ : :
WO s A A F o 7 T BTt

ISEMERT L E RN L (Fig. 1-6) 70

e o NS . Fig. 1-6 Molecular structure of
HOG B IR T S,Sdioxidey 7Y — LT v diarylethene (7) and photo-

KVBHFEIIELEDHLDOD (Pem = 0.11) EHFH  switching images of live Hela cells

incubated with 722.

B SGME (Pco = 0.17) = b7 &2 b
(~97:1) MM DRFMHR EHNE T 0 —TITHE LR EE AT 52 LK
RENTEY, TEHWEEMBEA A=Yy I RERINTNS.

RESOLFE TIL, 0 FOH K MEZ T i ICHIH 35 Z E AR TdH 5 720,
IO onfoff ZIEWME LIm@BEN AT VMBI ZBET LN TE S, K
ok Y7 V=T o o®t onloff Z4{kiE, Wi TIXT7 1 7 EIICHE
TON, DT RTET VAV EMTELT I ENHERINTEY,
DI ICREORAEENARETHI Z ENAHINTWD . [FH TS B
HEEE LTV =T A, mWEOERE L SRS RN S5 2
WROLND., Lo, PT7 V=T BT DO L ONEICEEE2HT 55
A, hEMREZEFE R I W TE SRR EOEKINERE E RS T 50, S
HHEFNRE KIS ZWLTHZ L IRETCHD. OV VU~ E2RIET D
e, VIV T O A KT — =y MM E L THR AR
T HZ T, =y e ALy Fa=y N ZoHEL 0 TR
ZINTWD. FlIXWE, AL 213, #kta=y b L THWVEEFRES
A4T57 87k, ALy TFa=y MIFEREEOT TV —LxT 2 H
Wo 8 AEtL, H—0FRTOENLAAL v F o 7EF#HZBH L TWHD (Fig.
1-7). 7V =T URHBRERED L Z I TN T UICHELEZE VR
RN ZRT N, BANRBIICL > THREZERT 2 L, dlta=y M b
PARIKY T UV — 7 o~ it x L ¥ — B #) (fluorescence resonance



energy transfer, FRET)Z X - TH 2398 < 14
HEND. 8L, ot =y FENAAL v TF 2
= b & % adamantylR X—H —THHEd 5 =
EWC KD, muWwEDLE IR &R R R
JSEEZ NS ST A. LaL, FRETHME A
IR LTE®EAA v T o 7L, PAERIE~

TR R F—BE RS 255 L
TLEI D, Siekbt k& LTEHD\%L“G‘, i
ik % Bt 2 HBR O BRI ?Bf%ﬁﬂi%ﬁ?ﬁ
Lo T, _hé’*ﬁﬂ&ﬁ“ét X, v
7TV =TT Vﬁ;ﬁ\‘ét{zlSODFﬁﬂle\? R
HHEAFEDEIE AT MV & EERIT T
L, FRETUSNDHEOEA A v F o ZTHEIEIC L -
THO onloff il 21772 5 MR & 5. TRIE,

U’V
AL 2, Y70 —nr=7 |2
perylenebisimide (PBN)Z #if L 7= 9 # &5t L,
%+ N B + B #  (intramolecular electron Vvisible.

transfer, 1IET)Z X %425t on/off Hill## 21772 9  Fig. 1-7 Molecular structure of
Tl T, JEREEEGELH LN AIRE A B4y diarylethene (8) and images of the
’ N ] single-molecule fluorescence
ALy F 7 ZEM LIZ (Fig. 1-8) 9 T, photoswitching upon alternate
BEERRICIB W T PBI B3k D &V 3 E 2 R irradiation with UV/visible light.
Adapted f f. 23.
T4, BBKLY b LUMO OISR
RENDHE,PBINLHBREKA~DIETNEZ S Z L TZOBREBHEILEIND.
e LYCIZHW % 532 nmO B EIRIC (X, PBlI OB BRI Z FF->72 %, PBI
MHEYT YV — o Trrya=y hA~ADZX VX —BEINRNHEH I, X512 PBIO
SSREAR YTV =27 O TaREELD bIRNWI LT, To kLM L7
PHER BG83l S TV

Energy transfer
8c (FFEilh)

visible
—




vis. (BZAH) 532 nm (FiA+A )

visible

uv

©)

Intensity / 300 msec
o 8888 &

o
8
5
&
8
¢

Fig. 1-8 Molecular structure of diarylethene (9) and single-molecule fluorescence
photoswitching in a poly(methyl acetate) (PMA) thin film containing 9. a) Sequential
wide-field fluorescence images of 9 embedded in the PMA thin film; b) time trace of
fluorescence intensity of a single molecule of 9. Adapted from ref. 24.
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T V=T OB S a—
F L LT, ERIFTEERED =~
74 A= a CHIENC K B ke o

° s 3 e e 2 100 (antiparallel)
kRN TEIz. WiRPOYT
U, WA g v
B o parallel & C2 X Fr D QJ iRas
antiparallel® 2 DO =2 7 4 A —
arzbliHhltEIZONTEDY,
Woodward-HoffmannHi| 12 #¢ x i1,
It EE ICy _L‘ 7N
x 'FQEJ R e Fig. 1-9 Molecular structures of a diarylethene
antiparallel= > 7 4+ A —3/3 /> (10) fixed in an antiparallel conformation by
5oL FEIFEIC ST+ 5. —h 4 multiple intramolecular interactions®. ORTEP

. . drawing of 100 in crystal is also shown.

FITHWE B 250, JEROGIEMER
antiparallel 2> 7 + A — v a UNEBOICEZEL S ND L O, D TWNHEAEIEHR
MO TEEREMEZHET 52 LT, TEENZOLISZERL TS,
Bl 2 100, 3 FHO S N~T v AR 20 e O CH- - - NFRELfE TS &

St Do = 0.98+0.02
(in n-hexane)
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D e RO IEPER antiparallel = > 7 o A
— T a UREIRWICZEfLSLTED,
n-hexane #' C ®oc = 0.98+0.02 & % IF
100%D St A B RS 2h = & <9 (Fig. 1-
9). ZOX)RIEERED L T A — /
g UL, TEORAE B oo K IR RE TE] -
@mﬁfﬁf@ff@f: WCIHEETH > 7=, fib
BARE DO ZERMICEAT 2R A M 7 /

N> _%ﬁmﬁ7fm~%@#ok

% %_ %) FIuorescence
— 07, HALFZEE O AKE & w5 ik [ e

B AIBEL 1213, Kashall] 27 %05 2 7--J3) )
it 1§ J& (exciton-exciton annihilation, Fig. 1-10 Illustration of Kasha's rule.
EEAYS & lhh & 3 5 Kk = 72 il [t fg 5 Adapted from ref. 27¢
T 5. Kashalll 2739k, WIE 722 25 1R 40 T O® R LWBRICEB VTR < #E
MENTELERBRAITHY, @ESKROEFRERENSERL TH, AN
AR X o TRAKB IR BB IZHEFD L (Fig. 1-10) % 08 % £ 1 IR 13 Jih e 9%
FIKFELRVWE ERTWS (Kasha-Vavilovil)??. Z o X 5 7Zah, &k Eh Ik
RE B OO R LIRS B IR O I B&k A7 &, @% o Kashalll» 5
TR SN FECK LIBEIRRE S A F 2 7 2L, o ARRDAET 2 IREE
FMEORBLNH RN X —DOFIHHAICHEN G L L THEASNTE .
S HIZIEFL, VTV V=T CEORISEMN S ONEH R RIS S E
DEEEBIER S22 H Y, L DRI BRI 303405t A e 39307
E, WIBGRREICKIT R RLEERESY AT I 7 2, @ O KashalllliZ s L
T-z3@h e L CH =R e s e o T d. oF 0, BilgRERT v L &
AR5 A NX—L e LTRMT A0 TIE R, ZRuREREK, +
F oy VA O mixing 72 Y, FOEMRRGEREM T A LENEETH
D, ZTHNIFHERBHESCEHESNHHENKELSEMLEIHRETHDEE 2 5D.
BIZIXT TV — =T 11, 121%, BRI T 2 &7 IUENR, %tﬁ
FOREEEY 7 M- TV T ENM A ENTWD (Fig. 1-11a¥°. B
FHAE T R OVEE S YERE B s, BRSO ERER T v L Bt X
N —[RENGFET D ENRBEINT-Z En (Fig. 1-11b) /» + 2 EHEE T
RPLETRXNF— O TRIE L72ERIZIE, =30 F —RREE 2 2 090 il
REBHZRXNLFXF—NEX OO, @AFERERBRKICE R LT & RS

Excitation Emission
spectrum  EX1  EM1 spectrum

EX3

Fluorescence excitation
Fluorescence emission

Internal conversion

Energy
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B1E HR

ni-. Fig. 1-1lalcsi7 % 11 & 1202 ‘e

57O X, T8 b IO 2o w

W EKEEDOE N, &4 DT R F— s\no/s

ERED R E ST L TWNDE EE XD .

N5, ZHICEEL T, 67 K& Tdheo R o

= ~0.01 DIECEMREGHEE R V7 TILL ~ o

U— LT UM, StIREED D O KU T 120

AR L7z mk b IRRE (Sh) #&BT 5 ) o 001
Z LItk Y, dco=~0.50 7 KB BRK ég"iggg;m ;%
B FINEEZ RTINS Ty 7 uc—*“€
7 39, "01 | | Om“
£z, T —MED thiophenel 77 & b wossanion

7 % — V£ @ maleic anhydride% ﬁ?“ 2 b)
push-pull 7V — x5 > (13) |
S B BR S IS 35 W VA I %ﬁﬂ? i;’g
R, WEAREN G R DI TED
BT IR R T 5 2 L B ShT -~ "
1/\ 5 35. : ﬂ&j:, E}J@%ﬁé LC% DL ZD ha :/ ? Reactioncoordina:e ?
TH A — g rOMENELEEENDNEI T Fig. 1-11 Molecular structures of
. . = . diarylethenes (11, 12). a) Photo-
) irradiation wavelength dependence of
Franck-CondonfR#& ® 1301, <7 U —  cycloreversion quantum yilds of 11c and
NTF U A ERT AR =y R & 2 12c at 22 °C; b) Schematic illustration of
) . potential energy surfaces and the
DOV A RT Y ==y FEREBE cycloreversion reaction path. ¢ and o
Y FVmEAaL 7 4 A—3 g represent closed- and open-ring forms,
tively. Adapted f f. 30.
(planan) &, Hidiz =y MoK LT 25 respectively. Adapted from re
DY A RT V= VEPNELRTLHIICHENT=a 7+ A —2 3 (twisted) D
VHRRBICH D (Fig. 1-12) PO WEB P T, KW BBFE— A2 b &
A3 2% planar =2 > 7 + A — v a U R R L ENREZT DH 72D, Woodward-
Hoffmann HIJIZ 7€ - 7= [ g 0 72 S BA BR BOG 28 AT L, FLlepY i W DG RO M &2 7R .
— RO EmWEESR TIE, By NENBE (twisted intramolecular
charge transfer, TICTYD % 512 & » T twisted #EE N MR R R E 2 7 4 A
—varenn, HiENZRHRIIZ X 5 T thiophenel maleic anhydrider =
METTHELE S /3BE L TV D72t (FHER) RS2 2 S FIciu | & LT
KIGEL, RRKIGERELT 5. U7V —nL=F7 o= T UEHAICIE, 77

1B/2A CI(c)

Energy
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B1E HR

t 7% — M@ perfluorocyclopentnel® maleic anhydride® LIZ LIZHWH LD 7=
W, FF—HDY A4 K7V —)VEZ R L7z FReHTE W T, TICT REICE
L7 ARSI T2 E SN TV 5 40 26 BL8IE, KA KIS O
FARBBAR T v v kI, BAET 52EMBE (charge transfer, CTYRAE A AL
THIE L L THMEINTWD 6. Push-pul B E o0& A K- TR IRAE R
TV NICEBEREZONTEHABRBEET VY, EROBRBRAIZE W L2t
ALy F AT LAORIMICAHARARMETHLLEEAD.

0O 20 w N
\w”\ /7/ visible % b)
s s> s’ /s
130 13c Planar , N
a) Cycliza:ioy = T 'r-j.%
s Twisted % s
1 N ereeeeeeee.
Planar .
Planar \ TPPPRRR Twisted Twisted CT

Cyclization “ N _i.~
hv 'ss
Polarity increase

Do =013 —> Dy =0.003
(in n-hexane) (in acetonitrile)

Closed-ring Isomer

Open-ring Isomer

So

Reaction Coordinate

Fig. 1-12 Schematic illustration of a) the solvent effect on the photocyclization and
b) potential energy surfaces of diarylethene (13). Adapted from ref. 35 and 36.
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1-6 XHROBEH

Uk Xz, o7V —N=T OENTERAL Yy TFHREOTTH, HHEAA
yF U T EBOZHEENERSND T, RO T U — T Ok IR
AR, € Of#E A2 RNEICT 2 KRERGIRPIMEMET H. EROHIR - %
BRI 2R T 2 AL v TF VAT LIE, DEARRNE T DEERIKERE ORI
R, =XV X—OHDFHICLENR L DL LTIRBEINATEY, HHEAA

Yy F U TEEBERT TV AT BT DTS L WML OFBIBR &
HET 22 LT, BIZRENREEELICBT2Z208 koo TER. £2
TARMFIE T, HEFZREEORE L ROBERERT Uy VEEBE LS
YVIVEFRBE OfEA & 2, TER DI « RBRAIZ B LB A v F AT
LORBICEN D FRGTERET 22BN E LT,

KW ClE—HLT, U7V —Axzrrofhorra=y NMCERAT Y
—NVEEEALZEY—T U — L Fk A Ly ﬂﬁ%ﬁﬁot.
=T V=L Iv T V=T LT, 1) BRIEICBIT D HERE
fEOFLEREN, 2) 4 %V‘JOD#;@%F’\*BEVE%%%U%LT*%EE?“%?)—JI/

2=y FOMXEELZHIE CX 5, 3) B TRIFOHHERE, &V o 2R
EFHELTEBY, P77 U — o=y NEENPLEZERERAA v F o 7 EEHN
R ENTWnWg 24840 Bfkplz, ¥ —T7 VU —L o aflkd stk a=y +®
B HEECRMESE - a7 A= a VHIBIZITRWRRE, FH2ENLE
ABEFETDIODE =TIV —LURNAAL v TF AT AIEBNWT, HBEMMEH
BADfEI & 3 Fax et #t ORI A T2,
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B2E BRAENH S,S-dioxide y—T—LVICETHRERN - BRI R

FB2E AENHY SSdioxide §9—TI—LVICEATIREBH - ERHOFAR

2-1 FiR

WIR Tl R 2 72 WA RN | Pattermed llumination Microscopy (RESOLFT, STED)

DI aREESRE OB . . .
L) - == oz l
Ae Lk_ Bg j‘ %) ‘l‘ﬁ %& % s *ﬁ Iz i STED pattern T {__scanmng >
o . (Airy spot) (depletion) excitation
MIZED 2 LR TE BN
/I) j_ /I) )( — :‘} :/ 7 & /f/‘l;‘]“ ~ . :..:.o.o.. ._9::.. ..'.O.ﬁ ._.:_:_.. .07 b, |, I.“. .o.....j

W, AR o R A fiF A

%)EIJ % Bﬁ ,gf\é K k 75) V@: fcﬁ A Localization-based Super-resolution Microscopy (PALM, FPALM, STORM)

ﬁﬂ: 77% qz Yi k 7?;. - T I/ \ ZD . spars:cgisvtgglowﬁstic) sir:g‘l;znrzglﬁe::le final ‘image’
J o ® A acti o® ° ! i superposition
q:# LZ’: Eﬂt%ﬁgi‘j‘% G: Ylfjéjjl] L/ ::......-' L\/ali °:....' ____i____ : >
oo DB i i

r7a—7rbokn | o
iz I H 9 % a8 L B ER i o
A A= 7 0%, X% %  Fig. 2-1 Basic principles of super-resolution fluorescence
X EEEETS T4 microscopy techniques*’.
TA A=V T ORNETETHD. LrL, ZOHMOZER Y MEAEITE R
PFERHRTHD 200 N TH Y, TANARLK XTI EORMUNR AR %
fERAICBIET 2 2 e nREETH-7-. 2ok 5 7th, E.Betzigiit, S.W.Hel
fH4, W. E. Moernerf® + 5 (%, YeiZ X 2 5@ EHE D on/off il 18 23 v AE 72 42 Y 4
FAh T —T L LEBEBBEOBRBEICL > TZ0 “200nmOEE” Z¥THHE0, F
J A= R VUL DMy REGER EBL L. RESOLFB® < PALM'/, STORM?
ICREFEEND Z O TEMGEOCBMEE 47 1, 2014F0 ) — L FE XS &
257 E, ZOEMEFRENIA B SN2 HIFE 7> TWD . RESOLFTIE
T, KRHIC s TE L onRIEZ K LT AL v F U7 0FD o b, B
Wk D3 T OENFEEEZ K—T YV IROFBE I X - T off JREICT B =
& T, BmWZER S REE R ER L TW 5 (Fig. 2-1.1). PALM < STORM % T,
M2 HBHHIC L > T—HDONAAL v F U 71 %49K on IREEICL T, kL
ARy NEIFTLIZGTOBEMIBEZREL, ZOBEZBEVIKL TEY T OME
ERFET H I L CTHIEBA A — V%S 5 (Fig. 2-1T).

IS OEMRGECIRMEBTE T TIX, JERHIT X o TEOE on KA BT
%, “turn-on 7 OENAAL v F U FEEBERT I e —TEHWA., ZTH L1
Ta—=TN3ER, AL v F L THIEE R TER NN TE R, HOl
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B2E BRAENH S,S-dioxide y—T—LVICETHRERN - BRI R

FEbED onfoff 18112 FI L 7 S I i Q e
o ko THE LR <, B A T N 1

EELTEMALT D EToOMREL 140(%b\$715|$) o @Co 028 1 vac (Greseih) ©

o TWE., 20O X ) 7, Mt

RE VR E LA E T 5 Y E
7)#/1/IT/@EPVC%)’VH‘/( k= O O ’";b'.;" s\ ,s

O/ o & \\O o)

15c¢ (E )

& % © @y = 0061 ©

= v MIT&® % thienyl X % S,S 150 (355 414)
dioxide (t L7 7 U — 1= 7
2%, turn-on ROENTHIEA A >
FrrEEERT L, HRIKDN
PRERPSPE RN F IR T+ 5 2 &
DR &7 (Fig. 2-2Y8. =0t
S,Sdioxide 7 U —/L =7 Tk
WTIiE, ¥4 K7V —n=2=v h
1949 o 6 - BRSSO L & 72
LS ERBIRA EoBE#E 1950 Fig. 2-2 Molecular structures of diarylethenes
v, ssdomse ko v 15 TSR L
Rl < B2 5 2 5 Z L3 365 nm UV light. Adapted from ref. 48c
%éhﬁ:. FWAE D T, PR
Tra=y heEYT U — T AL
7% perfluorocyclopentene» & % —7 U — L
v~ EBEWT S Z LT, S,Sdioxide {k# D
AR OHELRMENR RES M ETS 2 L%
R L7. &5lC S,Sdioxide # —7 U — L
SNTBWTE, g —=r 7 Lo
THHE EL BrE~OREM TR R S
h<Tws (Fig.2-3) —%, Y7V —n=T Fig. 2-3 Molecular structure of
>HAHWNE X —T U —1 > d S,Sdioxide IZ diarylethene (16). a) Electrolumines-
R cence (EL) and b) patterned EL from

EoTHLNDRBMIRINE L, B THIE o dovs o Toesis
EOMBEBBRIC OV TIERHZR AN E L,
F MBI THEOE on KRB D B 722 a0 RptEm EbEEh Tz,

T ZTCTARMIERE TIEL, MWL RDHRINL 2 —T7 U — L BT &
el LT, ¥4 K thienyl == h® S,Sdioxide {b=° s s bR 35 B i m R 3% b

DEHRINAE O WIEEICER L, 5 00E K OB a st 2 O B A IR AN 7
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B2E BRAENH S,S-dioxide y—T—LVICETHRERN - BRI R

YUY IV EEETH Z LT, S,Sdioxide kD4 W MR B AE B ICER Y FL A TZ.

AR TCIE, RIS ARFE BT ethyl J£ %8 A L7 S,Sdioxide ¥ —7 U — L >~
(BTO-ET, PTO-ET) # #BLICBH% L, BE#H 512 methyl @& #2 (& (BTO-ME, PTO-
ME) K O'Z b OHiE{A (BT-ET, PT-ET, BT-ME, PT-ME) & i+ Tl

LEREOBE 21T 72 - 7.

¢

SN

uv

visible

.
O

\Vay/
S R S

open-ring form

J oxidation

uv

visible

\Vay/2
é’S\\oR o’”s\(‘)

.
O

open-ring form

—~)

S" N

uv

I\ R/ \ visible
S R S

open-ring form

&

-
G
)

(P
=)
)

7

g N BT-ET: R = Ethy

S R S

closed-ring form

—~)

0
Y,
=z

(’)’S\\ORO//S‘é

closed-ring form

¢

0]
P-4

G

l |

LN
closed-ring form

J oxidation
s SN oV s SN
I\ R/ \ visible [ @ I
O gc"\oR o//%‘) O O (‘j\\oRo’%

open-ring form

closed-ring form

BT-ME: R = Methyl

BTO-ET: R = Ethyl
BTO-ME: R = Methyl

PT-ET: R = Ethyl
PT-ME: R = Methyl

PTO-ET: R = Ethyl
PTO-ME: R = Methyl

Scheme 2-1 Photochromic reaction of S,S-dioxide terarylenes and those of

precursors.
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B2E BRAENH S,S-dioxide y—T—LVICETHRERN - BRI R

2-2 RBRAE

ETOREEOBEEIIEA L7202 BIEREFICER L., o FREIs
i, FOBHMEE TR O 53 o st 2 v 7z,

'H NMR } 0% 13C NMR /% JEOL JNM-AL300 (1H: 300 MHz 13C: 75 MHz) %
FAWTHIE L. B&5H1E JEOL AccuTOF JMS-T100LC (ESI}: T8 Burker
Daltonics Autoflex Il (MALDI-TOF) {2 & - T{T72 > 7=. UV/lvis WILA~27 kv
HE 1215 JASCO V-6708 ) V-550 %, d{ )t A7 h/LVHIEIZ T JASCO FP-6500
ENEMER L. fxhaot & I E$E 1L Hamamatsu Photonics C9920-62H]
WTHEH L. #EFH T Horiba FluoroCube 30003 W Tl &E L 7=. BRER
(Pco) M UEBAER SOt B - UL (Poc) (X Shimadzu QYM-01% A\ TR I
BT LW T + ForFeh v ML, SCRHATEOBRINA <Y MV EbE G
bE CHEZITRo7- (KRE IHISR).

B b5 351212 GAUSSIAN 09 (Revision D. 08% % v 7=, SR AE A% &
IZwB97XD%¥6-31G(d,p) L ~</L® density functional theory (DFTRiFHIZ L - T
L, SonlEr AT —REZX VX —f{H 2T, =X LF—
FHH 1T time-dependent density functional theory (TDDFT) X - T, DFT &R U
FIETIT 2o 7.

2-3 A

g5y CTod 5 methyl BEHLRIT, FAZ NPT TR SRR SN2 HIEICHE-
TAREAIT/: > 7=. BT-ET 1%, Krayushkinn® 2345 L 7= G akik 41202 58\,
%It~ 9 5 a-hydroxyketonel thiobenzamidel @ BRL K IZ & > TH7= (Scheme
2-2). PT-ET % Suzuki-MiyauraZ 2 271 v 7V U 7SI L > THR 2= v |
o thiazole dibromide: ¥ K7 U —/ /L= = > |k ® thiophene pinacol boraté- %
HfE L72 (Scheme 2-3) 15 & 4L 72 Aif B & 2 70% m-chloroperbenzoic acidi{-CPBA,
containing 30wt% water)CEE{LALEE 3 5 Z & T, X3 % S,Sdioxide ¥ —7 U
— L ¥ (BTO-ET KU PTO-ET) % 157=.
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B2E BRAENH S,S-dioxide y—T—LVICETHRERN - BRI R

o) O OH
i) i) i) MOH
4

O OH I ]
iv) v)
— O
O s Et S \ Et / \ Et /
5

\t/,

O

BT-ET BTO-ET
Scheme 2-2 Preparation of BTO-ET. Reagents/conditions: i) n-Buli, ethyl bromide,

dry THF, -78°C to r.t.; ii) AlCl3, AcCl, dry CHyCly; iii) SeO,, 1,4-dioxane/H20; iv)
benzothiophene, dry toluene, SnCls; v) thiobenzamide, CF3COOH; vi) m-CPBA, CHCl..

Bt L

PT-ET

Scheme 2-3 Preparation of PTO-ET. Reagents/conditions: i) n-BulLi, ethyl iodide, dry
THF, =78°C to r.t.; ii) Bry, AcOH; iii) phenylboronic acid, Pd(PPhs)s, triphenylphosphine,
2M K3PO4 aq, 1,4-dioxane; (iv) n-Buli, isopropoxyboronic acid pinacol ester, dry THF,
-78°C to rt.; v) 4,5-dibromo-2-phenylthiazole, Pd(PPhs)s, triphenylphosphine, 2M
K3PO4 aq, 1,4-dioxane; vi) m-CPBA, CHCl,.

2-4 JAMNOIVIEMY

BT-ET (22T, BB KA IR 1T Al OGBS N &2 & 72 72 0 23, UV OEHRES (i
=313 nm) I - T 560 nmAHITIC BT 7= 2RI 3 B, ME S FH o~ b H G
fbZzRL7e. ZOHFEAERKIZATHEIEBIIZ L > THAL, #1OOEADORERK
WIR E TR UL A7 ARGz, 289 nmiZ 1 D OEWI AN A oz 2
EML, 2O FRDT7 A NI v I RIETHDH I ENRREINS (Scheme 2-
1). PT-ETIZSOW T, FEROAHMNLR 7+ M7 a I v 7 Z2@BREllllsny.
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B2E BRAENH S,S-dioxide y—T—LVICETHRERN - BRI R

—J7 S,Sdioxide fK® BTO-ET & PTO-ET (oW T, @A 23 2 BRKE
HRIE, UV OLIREIC K » TR EICEGAZE{L LTz (Fig. 2-4) & 4% O BTO-ET I3,
ARG Ko CTHIBRE L 0 bEIRICHEAT 2 Z LR I 722y, PTO-
ET (38R T 2 B L T INE LN =< A b7 h - 2. S,Sdioxide fk
% O 6 BOG M DR T IXOG B BR RS & U= (Peo) 1Tk S 41, BTO-ET &
PTO-ET XN Z# 0.033 kU< 108 L H i S/ (Table 2-1) Z i, S,S
dioxide {LIC L » THREO RKISHER RKRESIETLTWHZ EERLTED,
methyl & # K IZ B W TH RO LD 5T 5 >18

4
a) 2.5x10 b) 2.5x10
"""""" Open-ring form L - Open-ring form
; — Closed-ring form Closed-ring form
2.0 2.0+
'€ I e x
o 15 i e 15 f 5 5 _w [ 3
K] \ ) 7 N — B
£ 1S3 P visible
Z 10 I 10F
w w
0.5 0.5
0.0 | R — 4 | ) 0.0 | ) 1 , | | . | , |
300 400 500 600 700 800 300 400 500 600 700 800
A/nm A/nm
o) d)
4
40x10 - [V e Open-ring form 4.0)(104 """""" Open-ring form
—— Closed-ring form — Closed-ring form
Ve w5 e 30 1] m
—— 3o o0
- © o © % w L
- — 2.0 k e
~ ~ L —_— —
w w
1.0
PR 1 I 1 0.0k | L VI"W L L
300 400 500 600 700 800 300 400 500 600 700 800
A/nm A/nm

Fig. 2-4 Absorption spectra of a) BT-ET, b) BTO-ET, c) PT-ET and d) PTO-ET in CH,Cl;
open-ring forms (black dotted lines) and closed-ring forms (colored solid lines).

BOGRR R B OB INC LD W REPEDE N O W T BT 5 &, BRI
JEAZ B W T ethyl BHUA D T R WE T IR (Poc) Z7n L7 (Table 2-1) Zh
X, ROSmRRFE EOBEBBREO G &SN, HHARKICOSEEE Lol 2 &I
ERTHEZXND. —J, KHERKICE TR (Pco) 1L, KISHKRKFE LD
EHILIC L > T EAEEITIR NG o= 5> THRIOKGH D FI2B W T,
SEB KIS A RT Y — 2=y FORICIKFEL TWVWABEEZ 5.
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B2E BRAENH S,S-dioxide y—T—LVICETHRERN - BRI R

Table 2-1 Optical properties of ethyl or methyl-2substituted terarylenes.

Amax/nm (£/10* L mol™* cm™)

Compd. Poc® ®Pco¢
Open-ring form Closed-ring form

BT-ET¢ 273 (2.3) 566 (0.67) 0.39 0.24
BTO-ET¢ 300 (1.5) 474 (1.6), 504 (1.5) 0.40 0.033
PT-ETY 281 (3.2) 639 (2.1) 0.16 0.12
PTO-ET¢ 306 (2.5) 509 (2.0) 0.20 <1076
BT-ME® 273 (2.2) 556 (1.2) 0.58 0.45
BTO-MEf 301 (1.8) 460 (2.0), 487 (2.0) 0.46 0.024
PT-ME® 269 (3.5) 610 (0.94) 0.6 0.07
PTO-ME' 307 (2.3) 490 (1.7) 0.23 3x10*

20ptical properties of methyl-substituted terarylenes are taken from ref. 43d,43b and 51a.
bPhotocyclization quantum yileds. ‘Photocycloreversion quantum yields. 9In CH,Cls. €In n-
hexane?3443b fln 2Me-THF>!2,

22T, HABRMEKOWILASY b ik S,Sdioxide BB ICH B R EKES 7k
ZRLTEY, ZoMmiE TDDFT GFRTHLHELS L TW5 (Table 2-2) S,S
dioxide 1k X % PR AW N @ 51 K {k %, perfluorocyclopentene? A 7 ® Y7
J— LT NZBWVWTHEMESINTWD. ZOWIE(IZ SV T, Ahn, Kim 5
X707 4 7 FHUELZ JCICIRD X HIZFEL L TWD 4 Fig. 2-5121F ethyl
& a8 o B BR R H3& @ HOMO (highest occupied molecular orbitaly U8 LUMO
(lowest unoccupied molecular orbitaly 7~ L 7=. FABRIK O 4y F#LEIZ S W T, SR
1 E® HOMO O & 7% 1%, S,Sdioxidefbiz LW KRE WAL TWDH I &R
72%. BT-ET XU PT-ET I8V T, SKET L HOMO O il Lifs: 7 % k5
JRFRicdH s & nn, S,Sdioxidefbic X5 S K ¥ Lo HOMO & 1% £ D
P1%, BTO-ET KO PTO-ET ICBW T ZOHi NI D Z L2 EKT 5. i
D FREIFX HOMO O ZElL%E b7 b 323, ST LD LUMO OFE T #%1X S,S
dioxidefLHii 2 Tl & A EELL TRV, 5 HOMO-LUMO i o = % v
XF—EZNENT5LE26NS. 77205, HOMO-LUMO [ D& F &R 2 4%
R =RV F— I 5720, T S,Sdioxide bk DWIL DR K > T
MNZOZ2Ro7=D Tl eI NTW 5.
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B2E BRAENH S,S-dioxide y—T—LVICETHRERN - BRI R

Table 2-2 Experimental and calculated absorption properties

of ethyl-substituted terarylenes.

Compd. Aexp?/nm Acaica®/nm
BT-ET 566 489
BTO-ET 474 434
PT-ET 639 546
PTO-ET 509 451

2Experimental maximum of the absorption wavelengths.

bCalculated maximum of the absorption wavelengths.

BT-ET (HOMO) BTO-ET (HOMO) PT-ET (HOMO) PTO-ET (HOMO)

Fig. 2-5 HOMO and LUMO distributions for the closed-ring forms of a) BT-ET, b)
BTO-ET, c) PT-ET and d) PTO-ET.
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B2E BRAENH S,S-dioxide y—T—LVICETHRERN - BRI R

2-5 RTFVIVPIIRIVF—FEEARIGEDER

S,Sdioxide LT TOKKISHED ELIZ OV T, BFEFEHEICL > TRT
vy b= LX —fhiE (potential energy surfaces, PES®) AL 5 = & T, Hi
7R BER AT IR o7z, AENX, BOS R FER OERHE (C-CHEEEE) % & - @
L-RECERREOMEREIE xR VX —3HEE{TRH> & T, ZhLEN
FEIRAE (So) & AIRFBIEIRAE (S1) @ PESsZig#r Liz. BAKAIC, BHRMED
fei b E 2 dakE L LT, C-CMEEMEA 0.1 AMIFRIC/HM L CA%EL, Zo
B A b 24T 72 o 7. C-CICHBEENAE U TREKR LIWRE, +72b
LFARAMEEZKIREEL LT, K7L ¥—% C-CHIEHIC LT r v
N9 252 LT, SoIREED PESsZ il L7-. SiIRAEED PESsI, HEECIRAE O i
fbHEEZCIC LR RV F—FE AT, AR lEoxr¥—% 7
v T AHZETRMLEZ. 22 TR StlkED PESsIE, FEFEEIZIE Franck-
CondonREEO XN X—T v MIHZDHHLDOTHY, Sy IREORKREEWHIE
DENEFRZDLLEOTHLZN, VTV —NZT R T7A b7y I 0510
FOSHRHEIC A2 Th D 2 ERHE ST b %

FALEIZHON T, GHE L7z So kT S1 D PESs% Fig. 2-6 X N 2-7IZ/~r L 7=,
ETHIEA TH 5 BT-ET KO PT-ET @ StdkEEICHOWT, JERABR « BB Kk
HIZ PESs FiZ= RV F—[EREZ R bnerolc. THLEF T e O
PESsi%, BT-ET & PT-ET 23S WHKICE FINEEZ S > Tl inye 7
4 M7 IXLERTENV)ERSERE -HE LTS, —7F, S,Sdioxide fkD
BTO-ET LU PTO-ET @ Si{RHE T, PABRIKRD B BHERIRIZNT T PESSHY T >
TNV o TWD I ENyol=. ZiiX, S,Sdioxide KD BB K 2B
W BRHAAO T DICHE R EH =R LT —RHUETHLIEEZERLTEY,
S,Sdioxide {1 O PR A& I EEAFE(ET D5 CHIOS 3 +NKFEM G & OB
MR I TWD. Fig. 2-7 (c, d) 1%, JGBAER - FARLUSIZFE 5 sulfonyl fE 3 &
s mr3FE EDOT V)L CH & DO(S)O-(COHBIEEED L EZ R LI D TH D
AT vy X—ihiE (Fig. 2-7a,b) 7> 5, ERBIZIT C-C RIERBEEL K 1.9
ADLZlZIALEHAEINTWDR, ZOREO(S)O-(C)HM ML, 2.5 AN
52 7A~EMICEL L TS, ZiE O-H B @ van der WaalsE-FE D fTdh 5
272 ALIELTWAZ EMnD, (S)O-(CHM Dy FHNKFEMEDRHZ L C-C
MOBABRKISDERE L TWD Z &R I 5. S,Sdioxide {b#% OB ER - FAER
s i (L 1 % Fig. 2-8 K O 2-9 1. BABRMKHE CTlE, 2 THO 7 L% /L CH
78 sulfonyl B8 & AH BAEA FIREZR 2. 72 AL T O BEBEIC H v, £ a0y FINKER
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ANFERESN TS LIS, L EOFELZNBRHF S, S,Sdioxide i
DOBABR S T, C-CHEE DRI - THELD CHIOS /)y TR FE A O Bl
MBS Y, T EBR S & IR (Peo) DR TFIZERE L TWDH O TiX
RN E WD REERICE LT

F7-, BIEETH D BT-ET L O PT-ET (B W TIE, BHEREDIF 5 2B
FOVLEVWALZEEZRTLTEY, ZRAENEEREDO = X LX—221F 14
kcal/mol, 20 kcal/mol: HH SN TW\W5. Zihix, BT-ET XX PT-ET O BHERK
BT D HEHEZENICERT 2 EEXONS. — 5 BTO-ET XWX PTO-ET T
I%, ¥ A K thienyl == bk ® S,Sdioxide {tiZ & » THEHEZ EARENET
THEBR LI, FEEREMERE O L EMHEIZATERER S P L T D, R,
UL R DRk L2 PABRIR D 528, Z 3£ 4 6.9 kcal/mol BTO-ET), 20 kcal/mol
(PTO-ET) REOEBZEM LT AT HZ ENAHINTND.
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Fig. 2-6 Potential energy surfaces as a function of the C-C bond length of the So (blue
open circles) and Si (red filled circles) states of a) BT-ET and b) PT-ET. The insets are

enlarged views for cycloreversion reaction.
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Fig. 2-7 Potential energy surfaces of the So (blue open circles) and S (red filled circles)
states (a, b) and CH/OS distances (c, d) as a function of C-C bond length for BTO-ET
(a, ¢) and PTO-ET (b, d). The insets are enlarged views for cycloreversion reaction.
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a) BTO-ET (open-ring form) b) BTO-ET (closed-ring form)

front view front view

Fig. 2-8 Optimized structures for BTO-ET: a) open- and b) closed-ring forms.

a) PTO-ET (open-ring form) b) PTO-ET (closed-ring form)

front view front view

side view

Fig. 2-9 Optimized structures for PTO-ET: a) open- and b) closed-ring forms.
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2-6 BRARWEICBITHRHMY

FEHEMED BTO-ET OBRERMIZK LT UV XBH Air = 313 nm) 2177295 &,
550 nmff i IC B K & — 7 2 R D> Aot s Bliv, PABRIKOERIZHE 5 st
DK (turn-on B 2 A v F o 7)) oLz, REEOZEEIX, PTO-ET 28
WTHEBHI SN TWD . Fig. 2-10121%, #¢ ondREETH 2 FABRIK D CH2Cl2
IZBITDHENFHE AT FLERLTND.

a)
Emission r 1.0
---— Excitation
. — Absorption | o 5 -
; g :
- - o6 =
© o |
£ =
Z -
Py - 0.4 g ‘
2 i
- 0.2
' : ————1 0.0
300 400 500 600 700 800
A/nm
b)
4.0x104 - i —— Emission 16
/] ---= Excitation
—— Absorption =
- 12 ©
‘ 3
5 =
3 5
£ 0.8
~ 3
w ]
¢ 3
2
04 <
0.0

300 400 500 600 700 800
A/ nm

Fig. 2-10 Emission, excitation and absorption spectra of the closed-ring forms for a)
BTO-ET and b) PTO-ET in CH,Cl,. Photographic fluorescence images are also shown.

FOSRRFE EOT7 VR VEOBEBBRBENR LT 5 &, ethylE# D S,S
dioxide # —7 U — L > (X, xtid 2 methyl @R X 0 & &\t & 1 IR
(Pem) %ﬁbm%:}:rjﬁﬁg\bxot (Table 2-3) Z O NFEDEALIT DV
T, CHCHF TomNFEMPEIZ L > THAR DB 5 za:»ﬁfoeot. BTO-ET &
O PTO-ET TV T4 b H— a5 @/ﬂiﬁﬁlﬁﬁwéﬂ GO ToE N FH A (Tem)
HHR (1, 2) ZAWTESEEEE (k) &Uﬁ%%%/ﬁ HEEEH (knr) %R
fii L 7.
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() 1-®
kr — em (1) k — em (2)

Tem Tem

Table 2-3 Fluorescence quantum yields (®em) of the closed-ring forms

of S,S-dioxide terarylenes in various solvents.

Compd.? Cyclohexane Toluene 1,4-Dioxane CH,Cl,
BTO-ET 0.64 0.55 0.53 0.44
BTO-ME 0.45 0.40 0.33 0.29
PTO-ET 0.51 0.46 0.42 0.41
PTO-ME 0.37 0.27 0.31 0.32

2Closed-ring forms.

Table 2-4 Fluorescence properties of the closed-ring forms of S,S-

dioxide terarylenes in various solvents.

Compd.? Dem Tem/NS ke/nst knr/ns™t
BTO-ET 0.44 5.4 0.081 0.10
BTO-ME 0.29 3.4 0.085 0.21
PTO-ET 0.41 5.6 0.073 0.11
PTO-ME 0.32 4.1 0.078 0.17

2Closed-ring forms.

Table 2-4il27r L 72 X 912, ethyl E#i{K & methyl E# K% b L7z & %, ki
FROSRRHE EOBEBBRBLIC I > TEEAEEL LT RWZ ERG0nD. — 77 ka
2B W, ethyl EBH#KIZX ST 5 methyl BH#A LY L IR WEZ R L
2. ZoZ s, Kinak®zEoO ethyl JEH3, methylJE & LT X0 2RI
HEWE S SR MR A MH LT b 2 LR S D . Fig. 2-8h 2-9b & U Fig. 2-
11121%, = Fh ethyl EH#aiK & methyl & (K 0 5L IR RE O Fr b & 2 7R L
7. HIffi TR U2 &k 91T, ethyl B#E O BB AKEE TIX, £ TD 7 L% /L CH
A% sulfonyl B2 58 & 4 FINKERE A 2L TWDH Z L 2R 5 E1 5360
TW5. Methyl BEH#{ED 7 V¥ /L CH &, [FERIC sulfonyl i85k & O 4 T NKFHE
AR AARETH D Z ER o2, FHERBEN LI, ethyl EHIKD N
2L Dy THKBMEEFEKRARETHL LHMETE 5. T7bbH, methyl K
5 ethyl FE~FUSKRRBZ LOT7 VX VEBLZHME L7722 & T, SO EOK
TZORN 25 Lo Ry EZMIE Lz 2 &Y, ethyl B#KIC I 1T 5 a8 e Kk
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M EOBERDO—DLRo-OTITARWNNENWIHEELELS Z LN TEX L. FEE,
AR o FEER - FH AR RIX, ethyl BHE O I OEEMEICE RN 5 4 48 ol E AL
E ke DK TIZ, CHIOS +HNKFBREANELT-Z L 2B ZXFLTWA.

a) BTO-ME (closed-ring form) b) PTO-ME (closed-ring form)

front view front view

Fig. 2-11 Optimized structures for the closed-ring forms of methyl-substituted S,S-
dioxide teryarylenes: a) BTO-ME and b) PTO-ME.
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2-7 HEER

FibmikFEECethyl 2 HFT54—T V-V R74 bomrIvrh01ah
B L, ¥FIZ S,Sdioxide {LH# O S BAL F R PEIC DV CTHERAY - BER AR
4778 - 7. S,Sdioxide # —7 U — L > & turn-on & ) A A \yﬁ"/ﬁﬁ%b%f
w L, HRKICBIT 2mMIELRMELS, JCHERRISHED & 222K & 7

e. B{LFEEE iS,Sledeeﬂ:ﬁﬁ%}éODJ‘EF%fm}iF‘“TiO)ﬂWI:%3ck<ﬁfﬁb“(
BY, RCEERTOERO —>& LT, MREHEIEICKIT S CHIOS T HK
REBOFEG D RBINT. I BIT, KISARE EOEBILZ methyl 2 5
ethyl BRI AH L7 Z & ¢, PARMEKOESREm L& #ER L. 2L, ethyl
%5 CH & sulfonyl 858 & OIZZ R0 FNKBRAEVNERINTZZ LTk,
methyl E#K L 0 & 20 RIS IS MR 2 I L7272 0 Tl &
BEIND., RO IIT, AL v F o 7Rtk L I ML WL L 74y Fa%
FHCEEZRMAZ 525200 THY, WS FITEMBRGIEOLEMEE T n—T7 R
B EL T NA A2 CIRIEW G H~OISAFAEEZALTVWDLEE 2 5.

JRRion CH/OS mtramolecular interactions

? » ?

//\\ I\ / \ / \
O o} /\ /\
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O OH 9
thiobenzamide S o N
CF3COOH O { et O
S Et” S
5

BT-ET
4,5-Bis(2-ethylbenzob]thiophen-3-yl)-2-phenylthiazole (BT-ET): 5 (1.90 g, crude)
% CFCO2H (83 mL) HiZ¥fi# L, thiobenzamide (686 mg, 5.0 mmo# il x = i
285 T C 24 BEIREE L7z, £ D%k AK %M % T diethyl ethenZ X 0 3k, 51
T A e & fa K TUEE, MgSOs THLZK L, JEiE L CTH & A7 ik 2 8t
MiE U=, HLAEREM X column chromatography (silica-hexane/ethyl acetate 10:1)
&, i < 1WiHH HPLC (methanol)ic X W #8L L, HEABEAXO B (BT-ET) 245
7= (700 mg, {b&% 375 3 B D UL 30%). 'H NMR (300 MHz, CDC4, TMS):
J (ppm) = 8.11-8.06 (m, 2H), 7.83-7.60 (m, 4H), =826 (m, 4H), 7.36-7.22 (m,
3H), 2.72-2.21 (br m, 4H), and 0.95-0.52 (br m, 6HL NMR (75 MHz, CDC4,
TMS): & (ppm) = 167.44, 148.72, 148.45, 147.61, 139.78,.088137.80, 133.55,
130.22, 128.98, 127.90, 126.48, 125.80, 124.52,.324124.20, 124.06, 123.70,

122.82,122.13,122.01, 121.84,121.53, 22.862214.97. El HRMSm/zcalcd for
C29H24NS3* [M]*: 482.11; found 482.11.

T <

2-8 GRAERVAE

8 N m-CPBA -
Q=1 o= =)
SEt” s SCEt” S

00 Op
BT-ET BTO-ET

4,5-Bis(2-ethylbenzob]thiophene-S,S-dioxide-3-yl)-2-phenylthiazole (BTO-ET):
BT-ET (72 mg, 0.15 mmol): m-CPBA (522 mg, 3.0 mmolyx CH2Cl2 (25 mL)
ML, EIRZERN, WER T 24 R L7z, D% AKZ M Z T CHCl2
RV DHR, G oo AEZ B K THE, MgSOs THiK L, il LT
B ORI A2 BIERA Lz, M4 13 short-path column chromatography
(silica, chloroform) #¢\ > Cififff HPLC (methanol) % ® % GPC (chloroform)iZ X
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DRRLL, AGEAEO Y (BTO-ET) #1457 (70 mg, ILE 86%). *H NMR
(300 MHz, CDC%, TMS): d(ppm) = 8.06-8.02 (m, 2H), 7.77—-7.73 (m, 2H), 7.366
(m, 8H), 7.37-7.34 (m, 1H), 2.63-2.51 (m, 4H), 1256 (m, 6H)**C NMR (75 MHz,
CDCls, TMS): & (ppm) = 170.42, 146.03, 144.86, 144.18, 136.00,.185133.42,
132.13, 131.62, 131.56, 131.42, 130.50, 130.30,.71%9129.37, 127.57, 126.78,
125.30, 123.61, 122.67, 121.82, 121.46, 18.34,5,116.55. E| HRMSm/z calcd for
C29H23NNaOsSs [M+Na]*: 568.07; found 568.07.

O& 4,5-dibromo-2-phenylthiazole

B-O Pd(PPhj3)g, triphenylphosphine

I\ 2M K3PO, ag, 1,4-dioxane
Et
s

5

PT-ET
4,5-Bis(2-ethyl-4-methyl-5-phenylthiophen-3-yl)-2-penylthiazole (PT-ET): (2-
Ethyl-4-methyl-5-phenylthiophen-3-yl)boronic acidnpcol ester (2.2 g, 6.7 mmol),

4,5-dibromo-2-phenylthiazole (872 mg, 2.7 mma® O* triphenyl-phosphine (373 mg,
1.4 mmol) % 1,4-dioxane (87 ml)& 2 M KsPQu KIE#R (87 ml) DIRE BT 12
iR L, 1IFMERZANT Y T 2T o 7. ZDO®%XIEHRIC Pd(PPh)s (317 mg,
0.27 mmol) # il %, 120 °C T3 HMMAEMR L7=. =|EE THE L 72K ITK
MMz, HClI THF1 L, ethylacetatdZ LV 43i, 156 7= A E % faFn & H ok
T, MgSQe THi/K L, I il L T O 7RIk 2 8L i L7z, AR
column chromatography (silicap-hexane/ethyl acetate 19:1): #%¢ < GPC
(chloroform) (2 X W BRI L, E@AEAEO HAY (PT-ET) %47 (700 mg, IR
45%). 'H NMR (300 MHz, CDC4}, TMS): d(ppm) = 8.06-8.04 (m, 2H), 7.50-7.39 (m,
10H), 7.37-7.53 (m, 1H), 7.34-7.26 (m, 2H), 2.88&(m, 4H), 2.17 (s, 6H), 1.34—
0.79 (br m, 6H)3C NMR (75 MHz, CDC#4, TMS): d(ppm) = 166.33, 149.65, 145.61,
145.02, 135.25, 134.96, 134.79, 133.62, 132.79,.8682130.02, 129.17, 129.08,
128.91, 128.45, 128.37, 127.19, 126.89, 126.3432215.58, 14.61. El HRMS9n/z
calcd for GsH3iNS3[M] *: 561.16; found 561.16.
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PT-ET

4,5-Bis(2-ethyl-4-methyl-5-phenylthiopheneS,S-dioxide-3-yl)-2-phenylthiazole
(PTO-ET): PT-ET (56 mg, 0.10 mmol)& m-CPBA (180 mg, 1.0 mmolyx CHz2Cl2
(20mL) FICEM L, EREXT, BETD T 224MREHR L. TO®RKEML

T CHCl AT £V 73R, 15 DL T- AHEIE & fa Fn & 1 K THEd, MgSOs THEAK L,
i L CHLNTIERZBERML . HZAERK®IT short-path colum
chromatography (silica, chloroform} #%¢ < IifH HPLC (n-hexane/ethyl acetate 4:1)
ko ERL, AGEEO BB (PTO-ET) %214 7- (24 mg, I 38%). 'H
NMR (300 MHz, CDC%): o (ppm) = 8.02-7.99 (m, 2H), 7.65-7.57 (m, 4H), 7.5412
(m, 9H), 2.67-2.48 (m, 4H), 2.12 (s, 3H), 1.993Hl), 1.42-1.37 (m, 3H), 1.33-1.28
(m, 3H).23C NMR (75 MHz, CDC3$): d(ppm) = 169.52, 146.42, 143.56, 136.93, 136.25,
135.01, 133.73, 132.10, 131.50, 131.09, 129.94,.7(29129.35, 129.20, 129.10,
129.00, 128.28, 127.11, 126.75, 126.66, 126.0789,818.75, 14.37, 14.00, 11.56. EI
HRMS: m/zcalcd for GsHaiNNaOsSz [M+Na]*: 648.13; found 648.13.
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) 13C NMR spectra of BT-ET in CDCl3 (1H: 300 MHz, 13C: 75 MHz).

Fig. 2-12 a) 'Hand b

Fig. 2-13 a) 'H and b) 3C NMR spectra of BTO-ET in CDCl; (1H: 300 MHz, 13C: 75 MHz).
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Fig. 2-14 a) 'H and b) 3C NMR spectra of PT-ET in CDCls (1H: 300 MHz, 13C: 75 MHz).
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Fig. 2-15 a) 'H and b) 3C NMR spectra of PTO-ET in CDCl; (1H: 300 MHz, 13C: 75 MHz).
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29 fHE ARIEFNEROHEH

1) &E

JhEE IR 121X 300 W& / 7 7 (Asahi spectra, MAX-303)% f# il L, Jhicd
W oOREIZIZ NN RXA T 4 L% — (Asahi spectra, half-width: 10 nmj v
7o, BAERICR T 2B ORI 7 + b TR F IR KOG R & R T A
QYM-01 (Shimadzu)ic LW h 7> L, HEIZIGUTND 7 4 VX 2 LT
BOLHEE 21T 7 o 72 JCRHATE ORI A~ 7 FVZEAbiL, B4 AT o ototE
# V-550 (JASCO) 2 X » CTHllE L 7.

2) NEARKRBEFIE
FEPABR G B T ULR (@) 1L TFTOXTERIND.

IS Koo TR LI PABR K5 75
PRER IR SR L7 7 o+ b 3K

oc —

FEHREHZ K o TAR L7 PHERIE 750 (n,) 1%, FIGEMEERIC B3 5 PHER R
Sk oW IV K 2> 5, Lambert-Beerllc L W sk o5 5.

max

. _ACF v

m —  _max
ECr /

ACE TSR R R (Amax) 1231 D BABRIKO BN, epr (TAmax T F 1T 5 PAER
INENRE XS (D mol‘lcm‘l), L3 EE (Aem) v idalEHARE (L) 2257 .

ZIZT, QYM-01 6RO HNHWIN T + b 8T, BHERICRINEFo2
f@uft* DT ERGELTNWDS., 20, BRMEKEHABRKENLICRINEF T

SR rEIE 2 BE R E LS A, QYM-01 205 ﬁﬂéﬂéA“%wwﬂ7
F b s (ny 1k, BABRIR L BBRIA OS2 BRI L2 7 4 b B (e K O,
DOfE LT,

irr irr irr
Mot = Nor T IcF

THDH. MR ESRI L7 4+ btk (n)) #FHHT 57291201, QYM-
0L B ELNME (") ZMETHLERDH L. MiEICI, tﬂ@mumﬂ%ﬁ:
DA EZ nge LImIRK DR ZTAND Z LN TED.
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nm
p=—
)

Thbb, sl IMIEHE () ZHOTKRATEREND.

irr
irr irr €0F(1 — P

n =n
OF tot lrr irr
eopP T €op(l

- p)

IIT, efplel X TN TR E Ain) ISR DA L HABRKDOE LK
KAfE (Lmoltem) THDH. ZOMIEE, efp(l—p) H{efpp+ehe(1—p)}TH
ENDHLOMHERMIN—E (1) CHLMERETOLTHMAAETH Y,
WEEITIE U TR IR E IR M 2 R T DM E DR D 5.

KEEOEPABR UG B TR (Opc) 1, n, & Onl & REREFICH LT 1w b
THZLETHLNLDLMHEE (N,LDONyp) MHBWRNIZ L > THHIND.

N
Qo = ——
Nor

3) HEERGEFINE
ST B IS B P (Do) L F ORI TREEIND.

FRREHC X o THAR LIZBBRE S 4
PBHER IR NI U727 + b U

co =

JERRGHZ X o TAR U2 BIBRIR Sy 72800, PABRIK L0 T3 BHER IR 1 4 1 IC 2k
b9 256, KBHFATE COHRED S (n,) @/}iié\iﬁ)%%)??”é &
NTED. nyl&, @ocDHt & FARIZ WG AL S 2 PHER A H ok ORI
K 2> & Lambert-BeesUiz L W ko b,
Ay v
n =

m —  _max
ECr /

Thd. EAPTORZ RIS, WIBRKERE Ama) (BT 58 fZI-W)%Ul:f”
(A7) Amax (235 1) % Bﬁf“"{zlx@%/wgb’g{q&;};& (egF /L mol™t em™), HEE (I :
cm), #AEHARE (v/L) 2T .
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PR B RS B IR O E R, BREIE & U CHBR D RIS 5 Al 5
WA RN 5581, QYM-01 6 F b HREIORIN T 4+ k¥ (i) %,
EHERARKSER L7+ btk ) LLTHWLZERNTEHDT,

irr irr
Mot = NeR

Ths.
RO BB SUG B IR (Beg) 1, n, L Onln 2 BERERICK LT ey b
THIETHOLNAMHEE (N, RNep) POoREMEINS., 22 Chiko@E by,

IR EORADETH D720, MEAOMHET LD, Thbb, ElRT 5H
Mm %%kbffér@#ék DPolILFD X I ITRED.

— Nm

Do =
CF
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E3FE WHAEMI—TFTV-—LUVICBIZDFRERTREBOESRE

3-1 Fife

Push-pull B 4y 712 B 1F 5 45 + N E ff 12 8
(intramolecular charge transfer, ICT), 1k
FRAMRBRIE, FIZEFEOHRET N1
R L EZERpEREERED > TH
n 56-59 Lippert & ¢ ™ p-(dimethylamino)
benzonitrile (DMABN) (2 B3 % #15 DLk,

&3 2R FE M T 72 o4 T 5. DMABN I3,

cyclohexane® X 5 72t O K W IE B ¢
1% 350 nmAF T IR &2 Ff>— DDt %
52 25, CH2Cl2 @ K 9 7 fiak o & W s
H1CiX, 350 nm & 450 nmfHiTic 2 D O 4
RuzbHO _Hw %5 2% (Fig. 3-1a) 350
nm {5 3T O R RO 13, benzengfi iz @ S
WRRICHRT o2me R E/B SN TE
D, Z® X 9HIZ Franck-Condorih L (2 & -
T HB 43 W 72 BB far 43 BlE D 23 A2 C 72 il i ik
REIX, RTEREL (local excited, LE)IRHE &
FEEN 5. 450 nmffltic Rk 7 F LT
NI, ICTIZ L » THE U7 &0 M1 E
— A b EbLOMEREBNSDOENLTH
LEIRBEEINTEY, 5B EN A
Cmh k& & L CEMBE (charger
transfer, CT)IKRE L I D. Z N E T

/
Acceptor N:CO—N\ Donor

DMABN
a)
TICT
5
b
s
1 1
300 400 500
Wavelength (nm) —
b)
LE state . TICT stat
; \ State
OB\

\

h

abs
wuQose nl}

30"

twisted angle  ©
Fig. 3-1 a) Fluorescence spectra of
DMABN in cyclohexane and CH,Cly; b)
Simplified scheme of the effect of
steric interactions in the derivatives of
DMABN. Adapted from ref. 61.

DMABN @ ICT %4> TEZ < DET DR EINTE 720, Grabowski b
Mz X D RN T2 57 N E v B B (twisted intramolecular charge transfer, TICT® 7
Wi, BAERBIESZTANLLNTEMED o2& RoTWD. Zhid, HEER
REIZB W C LR 2 A9 5 DMABN 23, A CrxphERglcs i) 25
NWHEZICK > TLXENRL, REEREEZEZ22LTDH5bDTH S (Fig. 3-
1b, solid curves) —7, RF— -« 77 v FZ —[M O KEES T, HKERIEIC
BWTEEICIRNWEEZ AT 5 XL 972 push-pull B4y + 8213, —o D K
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INIEBERPEICE > T 7 F T D8 VN ko I X A% T (Fig. 3-1b,
dashed curves) Z #Li%, &GO FEIM IS K 2 FOCEE R E D 2 'l D EF 573,
WIERBYEIC X > CEILT D720 TH 5. BEEOREEIZHKIT L 7= push-pull 7y
D CTIREE & Z DI MEIE, Rt v & bk O ME IR 4y BF ~ o Ji B 7] e
ZHLTWD S

Push-pull It &N 7V — VT VR 7+ b a3 v 7 5 F+OWEICE X
LIk, TICTREZER T2V 7V —Lx5 (13) 2EICHENg &S
NTCT&7z (1-580)%53% L LEIfTME TR LN RIE, TICTRED %5
LoT, BMEFRVBEKIERIEER T 7+ A= g & L D70 6Kk
NEATDHEVNIHEDOTHY, a7 xA—varyPHEEShEZRICBWT,
CT BB IREEN T U — =T » DN RISPER ORI 5 2 5 B ITH &
PTIRoTWRW., BIZIX, 727872 —Mohl= T UEAAORHET I LD
B 7 R —thmdt e = M &R LA, ICT kR T UL s HE L
ek =y FEORBTEZIDZETRISND LD, BMETRDOIL T 4 A —
vallliEHEsELAEnEExZbND. Ik, KERTEER O T g A=
2 NZEBWVWTH ICTHRENAE T DARBELZER L, HERIGE ICT B LW 2
DDFREFN/SNANEG L THFMET D E W OEEBRMARIET D, L, R
BTV =N T VONHARKISITIHE 7 = A N A—F —TEET DL 0D
WEWRIN S HEFER A Db &, THETCHRKINEER 2 7 4 A —2a iz
THE LA DARFN R 2 DAFFEZ R LT3 130 & A E 7 < 380 i R se il
XV Y7 =T UFEEROICH TR Z LIRS 272012, Zh
LOBEBRICEAT OFHALIAMT L LPEETHLLEFEZXD.

FZCAMERBETIE, £2E ponor =)
DOWFFERETHB LI —T U —
. Acceptor O
Ly (BT-ET) kM LT, W
visible

r o 7 v kB 7 2 — % N" S NTS

phenylthiazole (2 5\ K — it O @, O
S S

/TTXL:L: P4 ]\ %@%j‘é : Cl: VG" 6T[ open-:?rtwg form closidl-zrting?orm

BIFROAL T A= a w2k
L7 E £ MAMIC ICT 234 T OO0 ACO
% X 957 push-pull B % —7 U — = n=

L Zikiat L7z (Scheme 3-1) K POX-BT PTH-BT
FT—a2=v MZIE, @@ &MV Scheme 3-1 Photochromic reaction of terary-
R (N o TR A T R lenes with a push-pull structure.
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phenoxazine (POX): phenothiazine (PTZ)2 M3+ 52T, KFb— 77k
TR —a=y MEOKER QRN ZE D R CTIREEEK 2 - 7. BT-ET b,
7 7 & 7% —4#® phenylthiazole: KN —#:® benzothiophene) &k = 11 %
push-pull B E 24 L TV 5 A, HOMO-LUMO & BRI K X 2 iEE)
FERE 2 Romr R A2 R L T A 729 (Fig. 2-5a) 5V CTHRHEN THIS LD
POX-BT X PTH-BT IZxf T oD FE L THWLZ ENRTELHEEZLN
5. LLEDsy it & iC, POX-BT, PTH-BT KO BT-ET O ¥ PRAL 2451
IZOWTHERM - HimMMmat 217725 2 & T, ERERETCOEEEBROBEA
BB A FT I 7 A2 ED T EEFHEBEMIICEIRY AT,

3-2 RRFE

E2TCOREEREHEZTBEALEZLOZ BB EFTICHER L. Tri-tert-
butylophosphine solution (1.0 M in touluené&}, Sigma-Aldrich# o ¢ o & H L
7o e IIECIE, TR TR o 55 e ot s 2 vz,

IH NMR & O 13C NMR /X JEOL JNM-AL300 (1H: 300 MHz 13C: 75 MHz) %#
W CHIE L7, & &% iX Burker Daltonics Autoflex Il (MALDI-TOF) (2 X »
TAT2 > 7. UVIvis WA~ Z7 FILRIEIZIE JASCO V-6704% L UF V-550 %,
WA ALY RIVRIEIZIE JASCO FP-6500k L Z AU L 7=, ka0 ok & 11
F(X Hamamatsu Photonics C9920-G2H \ TR L 7-. #@tF4ni%, Coherent
Mira 900F Ti:Sapphirel —# — & X h) — 27 2a— 72 A by -
Hamamatsu Photonics™ = # ¢ ot 55 in | B 24 & C4780% MW CTHIE L 7-. JEBAER
(Pco) K OVERABR G & IR (Poc) X Shimadzu QYM-01% H W\ TH &K &
ICBT LW T + o FET v b, SCRFRI#ZOWINARS FVELE S
DETERHZITRo7 (2-98ZR). B FEHE, BEZL H NMR HIE,
7 = A N RISy YR E X E AL 4L Denis Jacquemirg#% ({4 + Université
de Nantes) Stephanie Delbaer& % ({4 - Université Lille Nord de France)Michel
Sliwa &+ ({4 - Université Lille Nord de France, Université Lill§ W 1D ¢ &
70y, 7 B ERI S CREICET AR T — 2 LabhbE T, AERREIC
FEEBROFEM AT L.

3-3 AR

R DA K A2 Scheme 3-22/k L=, 1 EFTORKE, Wik 1+ThHD
BT-ET O A, F2FIZFE L= TH 5. Bromidelk (2) ¢, BT-ET [FI£E
2, %t I3 % a-hydroxyketonet thiobenzamidet O EAL K S L > TARK L T-.
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POX-BT & O PTH-BT 1%, ik L palladiumfit o 77T, bromidefk (2) &,
KT 5 R —Mmdt& 1 (POX 25 WE PTH) Lt v 7V v 7 RIGIC &
> THRK L.

i) S_N
eeos :
104 8S
O OH
BT-ET
L3810
S Et S Br if) SN
1
Qu%aw.
ii) S Et" S
S" N
— POX-BT
L3
S Et” S s
, O
iv)
S" N
Qu%aw.
S Et” S
PTH-BT

Scheme 3-2 Preparation of POX-BT, PTH-BT and BT-ET. Reagents/conditions: i)
thiobenzamide, CF;COOH; ii) p-bromothiobenzamide, CF;COOH; iii) phenoxazine,
K»COs3, Pd(OAC),, P(t-Bu)s, dry toluene, reflux; iv) phenothiazine, K,CO3, Pd(OAC),, P(t-
Bu)s, dry toluene, reflux.
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3-4 MRINFEME

POX-BT KT PTH-BT OBER{E THF IWRIIEEAZ 2L TV, £ 326
nm & 341 nm ’Wﬂt—& oLz, 512, POX-BT OBHBREKEKIZEWT
%, 400 nmfFUEic 7 v — R2RWRIHE A8 S vz (Fig. 3-2) %k o FHELF
IR 22 B, _@Wﬂlﬂ? X POX & phenylthiazole: O ® CT EBICH KT 5
EEZOLND. D CTWINOIFEIX, POX%E Kb —=2=v MIHWZHEIL
@ push-pull 153 2B N THHE N TS . POX-BT KO PTH-BT @

BRAREEHRIZ UV ) (Nir =365 nm) Z 35 &, £Z£4 570 nm& 568 nmic
BRI DB, AN DEA~EFOAEEZ R Lz, AldtEIc Bl 72 %
TR, CRARKICIZE o THERE S TR SN2 L 2R L T
L. ZOSREIEKIIAHEEEAICK > THAE L, 91D O A OBRRKER & [FH
CWRIL A7 RV RGBT, THE ORI KE Ama) & E/VESELRE (€)
X, Table 3-1icF & HTW5.

a) b)

T ------- open-ring form [ ? “““““ open-ring form
— PSS

0.25} — pss 0.20p
0.20 .}

0.12-

Absorbance
Absorbance

0.08-

0.04 -

0.00%& : i : -
800 300 400 500 600 700 800

Fig. 3-2 UV/vis absorption changes of a) POX-BT and b) PTH-BT upon UV irradiation
at 365 nm in THF (1.0 x 107> M).

Table 3-1 Optical properties of POX-BT, PTH-BT and BT-ET in THF.

Amax/nm (€/10% L mol™t cm™)

Compd.
Open-ring form Closed-ring form
POX-BT 326 (1.93), 397 (0.36)® 382 (1.03), 415 (1.15), 570 (1.09)
PTH-BT 341 (1.85) 315 (2.31), 403 (2.21), 568 (1.05)
BT-ET 326 (1.32) 316 (2.60), 380 (0.85), 565 (0.99)

aShoulder of the absorption spectra.
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3-5 FHABRIGHE

Push-pul® % —7 U — L 2 81F 5 CT FtED, KKICERICE D L H g2
G RDDNEELZT L7720, KARKICE IR (Poc) Dl & & O I
WPERAFTEORFT 21T 70> 7. £7, 0 FWIZH W push-pul B i & % K72 7o v
g 5y BT-ET 122 T, KBRS & IR IR B e b i £ loxf L T
BBLXZE—EDEZT LT (Fig. 3-3c) WHOMMENE L R D120 -> CTH T &
FRROER TR RGN D0, ZTHITEERBORISTEEMN 2 7 3 A — 3
VENRIGARIENER o 7 3 A= a VO HRDN, WEmMEIC X > TE LTS
O ThirEEZLND % —F push-pull B % —7 U —L > POX-BT KO
PTH-BT D JGPALR UGS & FIRIT, BB R R 23 LTI L 22K {7
PeZrm Lz, 22T, &bmWOLRKSEFICET, KM% cyclohexanef
TREBLZF 06 LHEHENTWD., TS B¥eCix, P RT7V—NLa2=y FOT
R OMEIL, RISHKFEEDO LUMO BB ERD 25 & Z L TRHR
JEEFINELZERFIELZERHEINLTNDHTED, m£Tkm&Lfﬁwx
BT XU PTH-BT TR WEPARK IS EZ R~ T 2 BN PRl S L7220y, EEE 3FED
=T V=L |dboc D @mBICE L CTRIRBREOMEAZ R L. Ziik
phenylthiazolet POX » %5\ X PTH & O OB 27 k- T, &%
WU SNzl ThbEEZBND. POX-BT O PTH-BT O I #4417
PEIZDWWT, JEPHREOG & FICRIT, EEmMED & < R DI > TRE S FD
T LA Z R L TW5b (Fig. 3-3a, b) #YED & WEEEF Tk, WEOFE I
£ 5 ICT BB EIREE DR EALDO TGN K E L, ZIIT KBRS XA ~O ]
WCERDLEEZDOND. T72b5, push-pullil % —7 U — L U 23R L7 B ER
B - I D SRR AR A PR 1T, e IR BB IS 31T 2 ICT e & Y PAER Kk
NRALDOBMEBRERBLCND EE 25, £72 POX-BT L PTH-BT @ Y B
B RS B ICRIE, i & O RIERALIZE > TR ITREA LTy < 23
Ronn, ZThHEEEREMICES T, SIS AREMNEZ CT WILA Bk L 7=
O ThdEEZEZDLND.
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a) N
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Fig. 3-3 Photocyclization quantum yields (®oc) of a) POX-BT, b) PTH-BT, and c¢) BT-
ET for different excitation wavelengths in cyclohexane, THF and DMF. The absorption
spectra are also included.
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3-6 EETZ 'HNMR

6 BA BR B PR Y, 6 RO i MR o
antiparallel (AP) = > 7 + A — 3 3 »
& RO AR IEMERL o parallel (P) =2 > 7

R
+ A —3 g o OEHRRE (Scheme. 3-3) ? ?
& D AT E K] F D BT K o TIRIE \

ERCE AN OB e rans Sl % \*/
X, EREREDa 7+ A -3 Uk SQ* SQ

RERW—EHERT I ENMBALTY \\

Open-ring form
Parallel (P) Antiparallel (AP)

58T —J5, ®E Lz push-pull’*”&~—
7TV =V rONMHARKISHEICIE, =~
TF A= a L %#é%ﬁﬁkt /%
CTHREZKED LT HEFHEEE VD 2 s s
OORFNEHEL2BEET L ETHIS L Closed-ring form
L. 2T, FTIEERZE NMR 12X
S TEERIEILRN 5 20022 70 Shoe 28 netenrion of paele
A= a3y (AP, P)ELEZH M L, )t terarylene derivative.
PABRRKIGHEICRI T2 a7+ A — 3
POMEERBLDZ LT, BiEREOE FHEEICHR TSR LML .
HE 1L, [Ds]THFE 1T 193K/ 5 333K £ TIREMIBE 21772\, AP L P2
T A—va VETRBREEN RO N KIS RIRE EO=F LD
7 hEb SR EE A FE L2 (Fig.3-4) L T, 298KICKITDH 2HoD =
74 A—ar (AP, P) ® Boltzmanng#ilZ DWW T, 225D a7 A —3
VIWCHEKT DI FEY T AW MICOBES T 283 KL TFTD AT MVEER &
WCHEH L=, 55, [Ds]THF 1 298 K2\ T, POX-BT, PTH-BT K& " BT-
ETOAP 2 74 A—3a OHRIIZTNZEN 68% 60% 3 L1 66%E 3t &
Sz (Table 3-1) ik BT-ET IZ22W\W T, APD a7 4 A —3 3 U3
X, THF FONXARKISE IR EREEDOEELRL TS, —JF, POX-BT
KN PTH-BT @ THF O AR G & FULERIL, [De]THF D a7 4 A —
a VIERPO THEINDMELD ST 0ITEVVEEZ R L TWAD Z LD L NI
eots. TR, BRISIEMER a7 A= a il BWTY, BIEIREEDE
FHEEDNARKICUN DFEFI N A~NTFLGE L TWHZ 2 RELTEBY, KA
BRIGE ICT OBAG % XFFTHMENGONTEEEZD.
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Fig. 3-4 Variable temperature 'H NMR spectra of the open-ring form of POX-BT for the
aliphatic region (500 MHz, [Dg]THF).

|

Table 3-1 Calculated populations of the conformers and free Gibbs

energy (AG®) at 298 K.

Population of conformers

Compd. AG%/kcal mol™
AP% P%
POX-BT 68 32 0.4
PTH-BT 60 40 0.3
BT-ET 66 34 0.4
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3-7 EFILEEHE

B EESCRMEEICET A2EE25 5720, %%ﬂ:i%ﬁ* LY e e
1772 > 7=. Fig. 3-5\21%, POX-BT KU PTH-BT D JEJEAIREEIC BT 2 BBRKD
%ﬁ?ﬂ:%iﬁ%ﬂ? L7=. £ POX-BT I%, POX & phenylthlazolek oETELE

*?Ehf:*%if%ﬁ LTWbZ ENGnD (Fig.3-5a) — 5 PTH-BT 2B W

TR, TRV F—BIZE 2 D DNARBRMIR N FIET H 2 &R sl (Fig.
3-5b,c) Z#iX, anthraceneD £k 72 FHtiE 2 A3 2 POXIZxF LT, PTH 23
MOV EHBEEZALTNDLTEDTHD. PTHORB 2 & MESEIX, B
2O0 spPiRRF (SEUN) WHFEEL TS Z EICHELTEY, R AHE
EOBTZ T MU TARE TR VRGO T X T VB 2 FEEE O A
b ENREH SN, ZOXH9R 20D a7 4 XA —3 3 v OIFEEITEITCHER
BB VWTHWMESINTEY, #IZ PTH 2 K — & L7 push-pull B4 & %
LT 5854, LELE-EHEXEZL-0TREER D (39S R).

TDDFT I L > TRD LN 7o E - ERBFE % Table 3-2& Fig. 3-6127~ L
72. POX-BT IZ2W T, HAKmhE IRAEIX HOMO — LUMO #E® O % 5- 73 Bl
THDH. HOMO (X K+ —Md POX === F, LUMO Z7 7 &7 4% —MD
phenylthiazole = v MZE N ZEN//HENLL TE Y, HOMO-LUMO D ZE )45
B P> CIEFIC/NSWIRE F38)% (f=0.002) 2R LCW5. ZhbHDE

BBRRMEND, POX-BT OREEREBIZCTRETHL LIFRETE 5. PTH-
BT o#g=27 MU 7 /VELE S, POX-BT [F4£kD HOMO-LUMO O ZE [ 11543 Hif &
INERIEFEFREAZ R L TWD Z &G, TORIEBIERIEX CT Ff 2 H L
TWD EHEERTE D, —J7, PTH-BT 07 v 7 AEJEIZHSOWT, ZDOEKIK
Jah kL K B8 13X HOMO-LUMO R 23 XBLH) Td 5 28, HOMO-LUMO (336125 14
BIZFEREELTBEY, KRB FRELE= 7 MY TVRE L L TH LI
K& (f=1.2). Ziik, PTH-BT O# 7 & & 7 /L Ed EE A3 o P o 5 1K Jih &2 bk R
ZALTVWDHZEERBL TS, 74205 PTH-BT ICB W TiE, #7225 %E
BEBENEEAETL20o00ary 73 A= a URNRBELTWS EHH SRS,

KUz, TDDFT frEMLHE B INEHE =R L X —%2 b &2 POX-BT KT
PTH-BT @@%uﬂ%lmcou\f%?ﬁ#é PTH-BT TiX, #=277 U 7 VB
EHET XU T OVELESLIZ, - RhiE kAR & R B O bl = Rk L ¥ — I
FEFIZhEL, _an@JEJJtH( ENTHELCHFETDHIEERBLTNS. —
77 POX-BT (B W T, 2Bl RiE & 5 KB o b — % v F —ZE 23
)R & W &75>§7\75>o7‘:. POX-BT & PTH-BT 13312 CT FpfE &2~ L T/
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205, POX-BT ORI CT WU ABLE 7= DX, POX-BT @ 57 CT %
DFE—FhHERE L0 “FhHERE L DM R L F—ENRKE L,
W & L CHBE LT ThrEEZOLND.

a) POX-BT b) PTH-BT (quasi-equatorial) ¢) PTH-BT (quasi-axial)

front view front view front view

side view side view side view

Fig. 3-5 Optimized structures of the open-ring form of a) POX-BT, b) quasi-equatorial and c)
quasi-axial conformers of PTH-BT.

Table 3-2 Calculated transition properties of the open-ring forms of POX-BT and PTH-
BT.

Compd. Acalcd/nM f° Assignment
343 0.0021 HOMO = LUMO (86%)
POX-BT
315 0.020 HOMO - LUMO+3 (52%)
PTH-BT 315 0.0009 HOMO - LUMO (66%)
(quasi-equatorial) 306 0.71 HOMO-1 > LUMO (78%)
PTH-BT 319 1.2 HOMO > LUMO (88%)
(quasi-axial) 272 0.17 HOMO-1 - LUMO (39%)

20scillator strength.
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a) b)

4 \, 9 o v

) g 9,

9
]

POX-BT PTH-BT (quasi-equatorial) PTH-BT (quasi-axial)
LUMO LUMO LUMO

"9 e
A \, 4 9
9 v

POX-BT PTH-BT (quasi-equatorial) PTH-BT (quasi-axial)
HOMO HOMO HOMO

Fig. 3-6 Calculated MOs distributions of the open-ring form of a) POX-BT, b) quasi-equatorial
and c) quasi-axial conformers of PTH-BT.
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3-8 JNRERIME

AR TIE, PRGSO BMMEERFEICONWT, ¥—=T UV —LVUBHET5H
push-pull B E I K SWm@Eimiz T2 o 72, 2 2C, HimstEB RO
JERISIZR T 5 CT R E R B 45 DX POX-BT & U PTH-BT @F‘aﬁ
REDOHTHY, ZNODOHAREOEFEBFEIITICHEELROEHEEIND
(3-13 i ffii#&). Lo, L, POX-BT & O PTH-BT O JEBHER MG & 7-ULE (Pco)
X, EPARKISIZ E TIERWS D0, B2 MK A%~ L7z (Table 3-
3). T 9 LB IIE D EEMRMEARAF TR, 7YV push-pull % & & FF 7z 72 0
MR TV — V2T BN THBI SN TE Y, REEKIE SR LA
THEERE~OBRIEBREOFIEICHK T L EHBH I TWDS . Fhbhb,
RIEERIE N & < 72 2120 » TRERE~OIRBKIENFRIC 2 5720, LR
FOS /SR ASOEITRIEI S D Z Ll b. EBE, SRR KS & I &R
R A L 7= iz > W, push-pullfd % —7 U — L > (POX-BT } O PTH-
BT) EWESy 7 (BT-ET) E DM TERITAONT, JATHFZE ©© & REE, W
A L CRAVRIR B~ DB 5N LT 2720 Th b L ans.

Table 3-3 Photocycloreversion quantum yields (®co) of POX-BT, PTH-
BT and BT-ET in different polarity of solvents (Air = 560 nm)

q)CO
Compd.
Cyclohexane THF DMF
POX-BT 0.14 0.12 0.093
PTH-BT 0.16 0.14 0.085
BT-ET 0.18 0.14 0.12
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3-9 WAtRH

POX-BT,PTH-BT &K U BT-ET &, W T L bBRIKICE W TaOotREZ R LT,
Fig. 3-7121%, WD R LFE 2 OFEEF ORI AT M EZRLTND.
Push-pulB & % 434 5 POX-BT 1%, ICT BUphic iR eI & K U 7= B 722 |00k
VN N7\ I AN TR L, W EEARYE IR D ORI RO 7 R R ST,
—J7, B8\ push-pull B & 24 L TV 72 W By 1 BT-ET BV T, G
REEDOWHERMEIC L > TEE A EERIL LR o7, 72 PTH-BT Tid, KK
FEMEEEREMC 20K EAT 5 _HEEHSBR Iz, i, ik
RBICBWT 2FEORNENGFET S LE2RB LTS 8 RHFEMOHR
Ny R, BEBMEICIRAE LR EC Y VN7 a I AL ERLEDR,
WEMOEE AN RIZEEBMEIC L > TUEEAEBIL Lo 72, Riffio &+
fEFHER O HEREKICEEZT DL, RERMOEE N FiX, ICT %5
EREE AT A= 7 MY TVRIREICER L CTEETH S LiE T
L. —HEEEMCBH S ZEmEE, B X7 AVEEICBT ATt o LE
WREICHELERETH D EHERIND . EEE, ®HFEMUEICB VT PTH-
BT O# W= II MG 2R L, EFm & BEHMD 2 FEO I Nk 5 0 fif
Hr & 47z (Table 3-4) £7-, DMF I TR EM O 6N R B3 L Tu
HOE, CTHpMEREDOHEEZEMICL2bOTHLIEZEZLNS.
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Fig. 3-7 Normalized fluorescence spectra of the open-ring forms of a) POX-BT, b) PTH-BT and
c) BT-ET in cyclohexane, THF and DMF.
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Table 3-4 Fluorescence properties of the open-ring forms of POX-BT, PTH-BT and BT-ET in

various solvents (1.0 x 107> M).?

Compd. Solvent® Aem/NM Dem Tem/NS ke/ns™! knr/ns?
POX-BT CH 446 0.025 2.63 9.5 x 1073 0.37
THF 565 0.092 9.22 0.010 0.098
DMF 640 0.013 1.98 6.6 x 1073 0.50
PTH-BT 423 0.20 (75%), 0.88 (25%) - -
CH 0.072
457 0.22 (56%), 1.26 (44%) - -
433 0.18 (49%), 0.43 (51%) - -
THF 0.026
581 0.59 (15%), 7.88 (85%) - -
440 0.049¢, 0.44 - -
DMF 4.9 x 1073
650 0.37 (24%), 1.48 (76%) - -
BT-ET CH 416 3.0x 1073 0.13¢ 1.11 2.8 x 1073 0.90
THF 417 4.4 x 1073 0.092¢, 0.73 6.0 x 1073 1.4
DMF 428 7.1 x 1073 0.11¢, 0.64 0.011 1.6

2Parameters: maximum of the emission wavelength and monitored emission wavelength +20
nm (Aem); emission quantum yields (®em); emission lifetime (Tem); radiative rate constants (k,); non-
radiative rate constants (k). "Abbreviations: CH, cyclohexane. ‘These very short decay times are
influenced of raman effect by the excitation light pulses.
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Fig. 3-8 Fluorescence changes of a) POX-BT, b) PTH-BT and c) BT-ET upon UV irradiation at
365 nm in THF (1.0 x 107> M).
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3-10 BERIND R E

FPHBREIG ICT I OEREXY A T I 7 XA ER/ET 2720, 7= A MRl
Wy Sl E 24772 » 7=, WIElX, BT-ET, POX-BT X T PTH-BT (T2 T,
cyclohexane® O8 THF & H, 320 nmO K E 2 H W i/ ~7=. £/, #
WA & £ D E RS & L C, global fitting fi# 4 7> & decay associated
spectra (DAS) % K 7=.

% 7" Fig. 3-91%, cyclohexanet BT-ET O ERIINE|LEZRLIZHDOTH Y,
IRf 2GS PE D B I OIS, A7 M Z2aBE L TR, Mok bk
Wiz, BABRIK - RO EFEIRETORIL - & AT ML EEDE CTil#
LTW5. FhiE% (~0.15 ps)ICiTFBlHI R AR TT v — RRmERIN N R
DB ERN Y 2R L=, Z ik Frack-Condon (FCYRRE D I %t s L T
WhHEHEE SN D, £72 500 nmffE ORI Y — 7 %, R ) — =T

HEEOWMPEWRIN AT ANPGRS ND Pa 7+ A —2a VPR
?é%kﬁUbTwé_kﬁ%ﬁwqH%LLT,%*%E(&%ﬁ%@Pz/
7¢x—yaVK&%#%@E%W@%%&%EéMk.az&3m03&a5
psIZ /T T, 500 nmM& OF 600 nmffIE DRI AN KA DTN B/ LTE
v, tﬁmﬁiAP2/7j%~95/ﬁ%@% RO L, SLIRRED AP K&
WP ary74A—ya rOREMERE (vibrational relaxation, VR)Z x L T
WhHEHEEIND. 0.7-8 psiZ i W THELHI = 7172 500 nmfd 3 D& RIS > R
@%ﬁﬁ@&ﬁ*:I&ﬁ%®P3/7jf~95/®VR BRI SIS,
150 psTHRAMMIZF D TZ AT hVERIE, FEEREDOHBR KT A X7 k
w&%bfgﬁbfwék@ AR OERICRIST 2 EE 2065, —FHZ
O PEW AL, EEIREOHBRENA L TRV 690 nm LI IC & WU 2N (7 7E
LTWaH AR (Fig. 3-98¢ E&#8), AT —HIE (Ty) REZE O K FHF a5 O WIS
F—=N—=TFZ 9L TWNELLOTHDL EHLEIND.

690 NMULREIZ AT T 2 B HFEMLTITOWT, F /7 B P W I el E s
%%%ﬁQOK(Hg&m)uE&WXA?FWﬁ%ﬁ,%%W@%Wgﬁz
>550 nmIZIEIEMR BB SN TEY, 207 v— RARBERIIL, B3R
ST T ikhkﬁ I TE oo, ERESEMT & O TH R E VR
RNz &nb, ﬁwWXAﬁbwﬁﬁmfﬁwnmu%@E%EMKﬁ
W ENFEFMADIE, TUIREBICHELZRIN TH D LIRBTES. bbb,
7 o AN RDa Y ) %ME#EE&EW BB S REHMKS S T RiE
ICHKT2HDTHY, 10-150 psO[El O ERINZEIL, StkiED P =7
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F A=V arOEME, Pary 7 A—a X OEBREEMED TLIREDOB K
ERLTWSHEEZOND. REEMCHIET HEFEMMSIL, MoOBEEF
(THF) % &5+ (POX-BT KO PTH-BT) IZBWTCHBHISH TR Y, [FEE
D - BHRAMEE T TOLLETRLTND I D, U T ToREICER
L7z PRI & IR © & % 64 (3-13Hi1 ).

Global fitting 72> 5 1%, DAS & L C 3 oD &£y (1:=0.124ps 12 =2.39
ps & W13 = 35.2 ps) & FEH RS (inf) 23K b 7= (Fig. 3-11) 500 nmftir
IZ T2, TallE, HICPa vy 74 A — g VB LEHERK Y THH LE
265, £7, DASIZEBIT D IED ¥ 7 F VT W UL % 5y ORI IiG L T
WHZEND, 12 (239 ps)iE SIKEBICH D Par 7+ A —v a OIREERM
WRICHKX T2 ERBTES. 20%, SIREOPa Ly 74 A= a3 ITid
HUVEE IR A~ETT D LRI DN, ZOmfRIXts (55 ps) IZxf & LT
HEEBEZLND. FEEE, 10-150 psD O EW I AL TiX, 500 nmffiT Dt
WIS ROWEIZHE- T, HHFEETH D 410 nmfFiEDO N ROSS E
WO BRBRE TS,
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Fig. 3-9 Transient absorption spectra of BT-ET in cyclohexane solution after 320 nm
laser pulse. Absorption and emission spectra obtained by the steady state
experiments are also shown in the top. Absorption spectra of the open- and closed-
ring forms: Abs. (open) and Abs. (closed), respectively. Emission spectra of the open-
ring form: Emi. (open).
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Fig. 3-10 a) Transient absorption spectra of BT-ET in cyclohexane solution, excited
with a nanosecond 355 nm laser pulse; in solution purged with N> and O,. Absorption
spectra obtained by the steady state experiments are also shown in the top. b) Time
profiles of the transient absorption monitored at 690 nm, where ground state of
closed-ring form has no absorption: purged with N, (blue line) and that purged with
O, (red line)
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Fig. 3-11 Decay associated spectra (DAS) from transient absorption of BT-ET in
cyclohexane solution after 320 nm excitation obtained by global fitting. The first

lifetime contribution (11) is not shown as its value is within the instrumental response
function.

iV T, cyclohexaned ™ POX-BT i JE Wk UV 43 ¢ Il 7 #&% 8 % Fig. 3-12127R
9. BT-ET & [AEE, BhiEZE% (~0.25ps)iIZidE=X — L2 E#HH T 1o —
K72 DS ER D BBl S, FCREDEKRZTRLTVWDHEZZLND.
—J7 BT-ET & 13720, POX-BT 28Tk 450-550 nmlZ KA 72 1 I W I
OLEANPNERGNTZ. ZOWBERIL/ N R, 25 psE Tp-< Y E2H EY
B pshHEENAOLNZLOD, ZDOWILIE 500 psbAFE S EFE L TV, tt
)R WIRF A r — L OEERIN X A F I 7 AL BT-ET OAXT ML Dk
WD, TO/NY NIEBARED CTIREBICHKRT 5 LIRJE T 5. Globalfitting
b\%&i 3ODRFEE S (11=0.0998 ps 12 =4.29 psk '13 = 258 ps) & FEJ

5y (inf) 233k Hav7e (Fig. 3-13) b EFEM DT 1L, FCIRENLH D
*ﬂﬂﬁ@LL&‘fJi%D BREICHIET D EEZLND. 12 KD (4.29 ps)ic >\ T,
DAS IZBITF 28Dy 7 F /M TiBERINONS LR Z2/R-3 2 &b, 450-550
nm O\BPEWIL A RO EF L LT, CTIREOERICHIGT S ERETE S
(Scheme 3-4) & 5 C13f%4y (258 ps) i, Z @ CTIREEDOREERE 2 & TofE i
FRERLTWNWD EERIND.
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Fig. 3-12 Transient absorption spectra of POX-BT in cyclohexane solution after 320
nm laser pulse. Absorption and emission spectra obtained by the steady state
experiments are also shown in the top. Absorption spectra of the open- and closed-
ring forms: Abs. (open) and Abs. (closed), respectively. Emission spectra of the open-
ring form: Emi. (open).
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Fig. 3-13 Decay associated spectra (DAS) from transient absorption of POX-BT in
cyclohexane solution after 320 nm excitation obtained by global fitting. The first
lifetime contribution (11) is not shown as its value is within the instrumental response
function.

CcT

open (AP)

Scheme 3-4 Schematic illustration of potential energy surfaces and the competition
between photocyclization and CT processes. closed and open (AP) represent closed-
and antiparallel open-ring forms, respectively.
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JhEE AR AE & A T X 7 R D IR MZ‘KT IZDOWT #4572, cyclohexane
X 0RO Em v THE Pz v, /EFMX >IEHIE 21T 7 o 7=, Fig. 3-141%,
THF 1 T?D POX-BT O EWINZ %2 ~x L T\ 5. Cyclohexanef & [AEEIZ,
450-550 nmZ X CTIRHE & IR )& T & 2@ ERIN B S 7z, Global fitting 2>
51X, 35D EH R & HEHEK S (inf) AR 5N TwWb AR (Fig. 3-15) CT
RO KIZH ST D12 K 1X 1.86 psTH ¥, cyclohexanef (12=4.29 ps) &
LEARTH LN L TWDZ ERngooTc. Zivik, cyclohexaned L0 %
THFE 5D, CT IREBOEKRICBIT 2EEERNRESANTHL Z & E2R
LTWa. JERISEFIGERENE (3-56i) & IRE 2 NMR (3-6 fi) & VP
BO(3-7Hi) 225, POX-BT IdERISTEME AP 2 7+ A—3 3 2BV TSH,
HEARKIG EHAT 2D CTIREZER L TWDZENREBEINTWS. fit-> T
WP R EOR R E G DOETELET 5L, THF 1T cyclohexanet & L
RTEWIEPABR BOG & IR BH S 701X, THE HIZB W T CTIREDOE
ALV HRNCHEAT L 272D ThD EHLERTXS.

PTH-BT I8\ T%H, POX-BT & REEOBIERINAEIN A SN TEY, 450-
550 nmiZ & CTIRHE & IR B T & 2l I N %75@%{%%%71 (3-13Hi fii#).
Push-pull B % —7 J — L > ® cylcohexag THF H1(Z 1 AR A B
global fitting (2 & © & H X 7= g E £k 4 & Table 3-5i _/Ta“ PTH-BT 2B W
TH, THEH TOT12 Bior DD iR T X, fME D @ WIS ¢ o e PR KOG
BEFNEORTE B LEHEEN GO,

UL E OB R L OO RHEME RS, CT IREE I T 5 & &5
VR IR 23 i < T2 D ﬁéoftﬁéjtbﬁﬂkic@ ZNDBEE T D ARG N
A O Gy B A A L 72 7o 01T, Rk O @ OB T T o BOG & ICRAK T 23 8L
iz kb U\Q/\nﬁlﬁlck—ébfi.

Table 3-5 Characteristic times deduced from the global fitting analysis applied to
femtosecond transient absorption data for POX-BT and PTH-BT.

Compd. Solvent T1/ps T./ps T3/ps

POX-BT Cyclohexane 0.10 4.3 260
THF 0.038 1.9 360

PTH-BT Cyclohexane 0.11 11 180
THF 0.024 0.78 26
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Fig. 3-14 Transient absorption spectra of POX-BT in THF solution after 320 nm laser
pulse. Absorption and emission spectra obtained by the steady state experiments are
also shown in the top. Absorption spectra of the open- and closed-ring forms: Abs.
(open) and Abs. (closed), respectively. Emission spectra of the open-ring form: Emi.
(open).
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Fig. 3-15 Decay associated spectra (DAS) from transient absorption of POX-BT in THF

solution after 320 nm excitation obtained by global fitting. The first lifetime
contribution (11) is not shown as its value is within the instrumental response function.
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3-11 ##w

BT 7 7HZ—MD phenylthiazolezH 7V —/L 2=y MNZH DX —T 1

— LN HONWT, B RFT—MD POX &5 Wik PTH #5455 Z & C push-
pull BIrd % 2 2 3% 5 L, iy 1 & e bR E e 2 HE L. &L
RN DIE, BRBRIRA ICT B IREL KT 5 Z LR S, =D CT 4
PEDSYEPABR IOSPERCH N FFMEICE B L 52 TVWDH Z E R LNT R o7z, JEP
BRSO B - R 3 B e 70 T AR AR A ME S OV I RAKFE 2 R L7228, 24
IR EIRREIZ B W TR & ICT L OBEHEN R E T\ D 2 & 2RE
LTS, WmERI D CHEIE D I, BEmMECEVY CT B shEd k8 ik o &
EEBNZEAT D2 ENRRE IS, BEAT D6 ER RS O F A MR A7 VE 2 5
BT oE/MELNT. 512, PTH-BT 28\ CTiE 2 2D b Ik RE A& 12 H

kU7 ZHEOL 28I L, SRS & IR T turn-off 24w F 2 7l
MTEHZ xR L. AWUFEREORRIT, SIS MR bk IR 5E &
AFI7AO—EMEMPALIZHDOTHY, ICT BUFIEIRREDE ANIZ X 5 et
LR ERIE & 200 FREHEH ZIR T LA TEREVWEE R D.
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3-12 ARAERUVRAE

O OH A\
p-bromothiobenzamide S N
Et
O N4 O CF3COOH Et
S'Et” S \ /
S Et” S
1 2

2-(4-Bromophenyl)-4,5-bis(2-ethylbenzdjjthiophen-3-yl)thiazole (2): 1 (443 mg,
crude) Z CRCOzH (3 mL) HIZ{ f# L, p-bromothiobenzamide (203 mg, 0.94
mmol) Z Il x =|IRZE5K T T 24 K #R L 72, £ D% /K % 2 T diethyl ethenZ
LV, /oo AEE LR K TG, MgSQ: TRk L, JEmH L T
LA & E R M L 72, AT column chromatography (silicay-
hexane/ethyl acetate 10:1) #¢ < i #l HPLC (methanol)iZ X 0 R L, ®HEA M
BERO BRI (2) 2157- (76 mg, 3B TOILFE: 12%). *H NMR (300 MHz,
CDCl3, TMS): 0 (ppm) = 7.97-7.93 (m, 2H), 7.76-7.60 (m, 6H), #3.20 (m, 4H),
2.70-2.21 (br m, 4H), and 0.94-0.52 (br m, 6H). MALTOF MS: m/z calcd for
C29H23BrNSs [M+H]™: 562; found 562.

. L0

@? phenoxazine (POX)
N K2CO3, Pd(OAC),, P(t-Bu)s Ny
— dry toluene —
S Et" S
2

S Et S

POX-BT

10-(4-(4,5-Bis(2-ethylbenzdj]thiophen-3-yl)thiazol-2-yl)phenyl)-10H-phenoxa-
zine (POX-BT): T MENG G L ERBEH 2T R o T2 KIS HER 2 VT 2 (95 mg,
0.17 mmol) % it 7K toluene (20 mL)H 2% f# L, phenoxazine (35 mg, 0.19 mmol),
K2COs3 (73 mg, 0.53 mmol),%2 T* palladium (I1) acetate (4.8 mg, 0.027 mmo#d) /i
2T, ZTORABWEKEHEE L7225 tri-tert-butylphosphine solution (1.0 M
toluene, 80uL, 0.080 mmol) #{i F L, D% AR L TEZFRFX T T 24 K5
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MBGER L=, |RIBETHAEAILIZKICKEMZ, chloroform 2 XV 3k, %5
NI F R % faFn K TUEHr, MgSOs Tl L, U8 L CfH 5 N 7= 18K %
JEEAE L=, M4 1X column chromatography (silicai-hexane/ethyl acetate
10:1) I X B #EH# , n-hexanel methanolCYEysE L, 3 A @EA D H A (POX-
BT) Z%7= (75 mg, UL 67%). *H NMR (300 MHz, CDC4): J (ppm) = 8.34-8.29
(m, 2H), 7.78=7.72 (m, 4H), 7.50—7.46 (m, 2H), =323 (m, 4H), 6.74—6.59 (m, 6H),
6.04-6.01 (m, 2H), 2.73-2.17 (br m, 4H), and 1.0370(br m, 6H);*3C NMR (75
MHz, CDCL): & (ppm) = 160.10, 149.06, 148.68, 147.76, 143.900.64, 139.72,
138.02, 137.83, 133.97, 133.61, 131.54, 129.09,.428125.60, 124.60, 124.26,
124.15, 123.78, 123.27, 122.70, 122.20, 121.91,3€1121.30, 115.56, 113.20, 22.83,
22.73, 14.99; MALDI-TOF MSm/zcalcd for GiH31N20S [M+H]": 663; found 663.

. L0

phenothiazine (PTH)
A K2COj3, Pd(OAc),, P(t-Bu); N
S °N S” °N
— dry toluene —
s Das 9sDas
S Et" S
2

S Et” S

PTH-BT

10-(4-(4,5-Bis(2-ethylbenzdj]thiophen-3-yl)thiazol-2-yl)phenyl)-10H-phenothia-
zine (PTH-BT): T OB L BREMEZITR o TR Fa % AT 2 (163
mg, 0.29 mmol) % i’k toluene (30 mL)H 2 f# L, phenothiazine (64 mg, 0.32
mmol), K2COs (121 mg, 0.87 mmol)X& O palladium (I1) acetate (6.0 mg, 0.027 mmol)
Mz iz, ZOREWMERE I L7222 5 tri-tert-butylphosphine solution (1.0 M
toluene, 35uL, 0.032 mmol) #fii F L, ZO®%FIE L TERFEHK T T 24 K5
MBGETE L2, B E THEAILZ%ICKEMZ, chloroform (2 XY 3R, 556
-G TE & R K THEYE, MgSOs THLK L, i L CME 572 I8 % 6
JEHEAE L=, HAR® T column chromatography (silicay-hexane/ethyl acetate
10:1) 2 k K5 8%, n-hexanel methanol THE L, s B AEAO B % (PTH-
BT) #%7- (88 mg, IX*% 45%). 'H NMR (300 MHz, CDC%): d (ppm) = 8.27-8.23
(m, 2H), 7.78-=7.72 (m, 4H), 7.48-7.42 (m, 2H), =322 (m, 4H), 7.14-7.11 (m, 2H),
6.99-6.88 (M, 4H), 6.51-6.48 (m, 2H), 2.68-2.19 1flyr4H), 0.94-0.51 (br m, 4H):
13C NMR (75 MHz, CDC#): J(ppm) = 166.38, 148.95, 148.59, 147.70, 143.59,15,
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138.02, 137.83, 132.20, 128.82, 128.61, 128.25,.8®@7127.17, 127.04, 126.95,
124.57, 124.40, 124.24, 124.12, 123.76, 123.27,.122122.18, 121.93, 121.89,
121.40, 118.01, 117.89, 22.83, 22.72, 14.99; MALID¥ MS: m/z calcd for
Cs1H30N2S4 [M]*: 678; found 678.
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Fig. 3-16 a) 'H and b) 3C NMR spectra of POX-BT in CDCls (1H: 300 MHz, 13C: 75 MHz).
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Fig. 3-17 a) 'H and b) 3C NMR spectra of PTH-BT in CDCl3 (1H: 300 MHz, 13C: 75 MHz).
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3-13 fiiE DONRUVEFLLEEHE

1) 74bo0O3Ivo%siE

Table 3-6 Optical properties of POX-BT, PTH-BT and BT-ET in cyclohexane and DMF.

Amax/nm (€/10% L mol™t cm™)

Compd. solvents
Open-ring form Closed-ring form

POX-BT  cyclohexane 331 (1.83), 403 (0.36)° 382 (0.98), 420 (1.16), 573 (1.06)

DMF 332 (1.97), 397 (0.36)° 383 (1.05), 414 (1.15), 574 (1.11)
PTH-BT cyclohexane 338 (1.71) 314 (2.39), 387 (1.67), 576 (0.93)
DMF 338 (1.81) 316 (2.30), 409 (2.29), 566 (1.09)
BT-ET cyclohexane 328 (1.30) 312 (2.57), 380 (0.83), 566 (0.98)
DMF 324 (1.33) 316 (2.71), 378 (0.92), 569 (1.13)

aShoulder of the absorption spectra.
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Table 3-7 Photocyclization quantum yields (®oc) of POX-BT, PTH-BT, and BT-

ET for different excitation wavelengths in cyclohexane, THF and DMF.

cpOC
Compd. Aire/NM
cyclohexane THF DMF
POX-BT 313 0.59 0.23 0.021
320 0.52 0.24 0.021
340 0.61 0.28 0.022
360 0.62 0.25 0.025
380 0.56 0.25 0.019
400 0.55 0.25 0.012
440 0.51 0.16 0.0028
PTH-BT 313 0.58 0.28 0.028
320 0.65 0.30 0.031
340 0.63 0.33 0.039
360 0.60 0.32 0.037
380 0.58 0.26 0.027
400 0.49 0.095 0.0013
BT-ET 313 0.42 0.44 0.37
320 0.55 0.50 0.39
340 0.54 0.50 0.39
360 0.49 0.46 0.33
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2) EETZ 'HNMR

In order to evaluate the equilibrium between pholb@mically active anti-parallel (AP)
and inactive parallel (P) conformers, variable tengturetH-NMR (VT-NMR) spectra
of compounds in [BITHF were recorded on a Bruker 500 spectrometeipgzpd with
TXI probe ¢H: 500 MHz). We monitored specific chemical shifts [Ds]THF as a
function of temperature (from 193 K to 333 K). Battann population of the AP and P
conformers at 298 K were calculated from integratimeasurements with terminal
methyl proton signals on VT-NMR spectra.

We interpreted the chemical shift variations acaogdto a simple model of two
conformers in fast equilibrium regarding the NMRh& scale and whose conformers

ratio is given by the corresponding equilibrium stant, defined as:

_ P (TS = Al

" [AP] RT
RIn-2l = AgL + AS
[AP] T

where, [P], [AP] represent the molar concentratioh® and AP conformers, R the gas

constant with R = 8.31 J-mdK ™!, AS andAH the entropy and enthalpy energies.

[rel]

o

AP-CH, |

P-CH, =

N

Fig. 3-18 'H NMR spectra of POX-BT at 223 K (500 MHz, [Dg]THF).

T T T —
4 2 [ppm]
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3) BFLEHE

Quantum chemical calculations were performed byhgsihe Gaussian 09 program
package’? Ground state geometry was optimized with DFT a¢ tGAM-B3LYP
functionaf! and cc-pVDZ basis s€t TDDFT calculation was carried out with the
same functional and basis set (TD-CAM-B3LYP/cc-pV)DXer a total of fifty excited
states. Solvation by THF was accounted for by ushmyintegral equation formalism
polarizable continuum model (IEFPCNB

Table 3-8 Calculated transition properties of the closed-ring forms of POX-BT and PTH-

BT.
Compd. Acalea/NM f° Assignment
POX-BT 486 0.36 HOMO-1 - LUMO (94%)
PTH-BT (quasi-equatorial) 485 0.36 HOMO - LUMO (95%)
PTH-BT (quasi-axial) 473 0.38 HOMO - LUMO (95%)

20scillator strength.

a)

POX-BT PTH-BT (quasi-equatorial) PTH-BT (quasi-axial)
LUMO LUMO LUMO

\

POX-BT PTH-BT (quasi-equatorial) PTH-BT (quasi-axial)
HOMO-1 HOMO HOMO

Fig. 3-19 Calculated MOs distributions of the closed-ring form of a) POX-BT, b) quasi-
equatorial and c¢) quasi-axial conformers of PTH-BT.
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4) 7zLNBEERINS KRE

The femtosecond transient absorption set up hahdir been described elsewh@ére.
Briefly, a 1 kHz Ti:Sapphire laser system (Cohera®® Industries) delivers 100 fs
(0.8 nJ) pulses at 800 nm. An optical parametriqliner (Palitra Quantronix) was
used to get the 320 or 400 nm excitation pulseshB@mp pulse energy at the sample
was ca. 2uJ with a pump diameter about 5@0n (1.5 mJd/cr). The white light
continuum probe beam is generated by focusing ginedmental beam in a 1 mm CaF
rotating plate. The pump-probe polarization confagfion is set at the magic angle
(54.7°) and the probe pulse is delayed in timetre¢ato the pump pulse using an
optical delay (Microcontrol, precision: Ofim). The transmitted light of the probe and
reference beam is recorded on two different chaoeéla multichannel spectrograph
equipped with a CCD camera (Princeton Instrumemg #he transient spectra are
computed. The transient absorption measurementredvee 320—700 nm spectral range
a 0-0.5 ns time range. Sample solutions (absorbdedteeen 0.3-0.5 at the pump
excitation wavelength) were inside a flow cell gogueéd with 200um thick Cak
windows and characterized by a 2 mm optical patigik. The reservor solution was
continuously irradiated by a visible light (Hamamatight source LC8 equipped with
500 nm long pass filter) to keep a photostationstigte. Stability of the sample was
checked after each experiment.
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0.01

0.00 - S Ptimme

— 0.05 ps

—— 1.25ps — 5ps
— 2ps

— 10 ps 60 ps
—— 20ps —— 100 ps

—— 4 ps — 150 ps

Fig. 3-20 Transient absorption spectra of BT-ET in THF solution after 320 nm laser
pulse. Absorption and emission spectra obtained by the steady state experiments are
also shown in the top. Absorption spectra of the open- and closed-ring forms: Abs.
(open) and Abs. (closed), respectively. Emission spectra of the open-ring form: Emi.

(open).
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-3
10x10 ~

Amplitude / a.u.

1, =0.044 ps’
— 1,=431ps
— T,=552ps

inf
5k l . l . 1 . 1
400 500 600 700

A/ nm

Fig. 3-21 Decay associated spectra (DAS) from transient absorption of BT-ET in THF
solution after 320 nm excitation obtained by global fitting. The first lifetime
contribution (11) is not shown as its value is within the instrumental response function.
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0.01

0.00
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Fy — 0.05ps — 0.2ps
e —— 0.1 ps  —— 0.25 ps
T v s

bt L]

Fig. 3-22 Transient absorption spectra of PTH-BT in cyclohexane solution after 320
nm laser pulse. Absorption and emission spectra obtained by the steady state
experiments are also shown in the top. Absorption spectra of the open- and closed-
ring forms: Abs. (open) and Abs. (closed), respectively. Emission spectra of the open-

ring form: Emi. (open).

74



BI3IE HAMI—TI-LUVIKBIZDFREFBREIDOHRSRR

0.02

0.01

0.00

0.02

0.00

0.04

A Abs

0.02

0.00

0.04
0.02
0.00
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Fig. 3-23 Transient absorption spectra of PTH-BT in THF solution after 320 nm laser
pulse. Absorption and emission spectra obtained by the steady state experiments are
also shown in the top. Absorption spectra of the open- and closed-ring forms: Abs.
(open) and Abs. (closed), respectively. Emission spectra of the open-ring form: Emi.

(open).

Abs. (open)

Abs. (closed)

S T

— D ps 0.15 ps
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3
15x10 F
10—
3
< 5- 4
)]
o
2
-_Q. 0= F\V
E 7, =0.105 ps
5L — 1,=11ps
— 1,=176ps
inf
10k | . | . | .
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Fig. 3-24 Decay associated spectra (DAS) from transient absorption of PTH-BT in
cyclohexane solution after 320 nm excitation obtained by global fitting. The first
lifetime contribution (11) is not shown as its value is within the instrumental response
function.

50x10 "
T, =0.0235 ps
40— — 1,=0.784 ps
— 1,=263ps
30— inf
20—

Amplitude / a.u.

400 500 600 700
A/ nm

Fig. 3-25 Decay associated spectra (DAS) from transient absorption of PTH-BT in THF

solution after 320 nm excitation obtained by global fitting. The first lifetime
contribution (11) is not shown as its value is within the instrumental response function.
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5) FT/WBIERINSD HERE

Nanosecond transient absorption spectroscopy wasedaout by using a Unisoku
TSP-1000 analyzer system. After Mr Oz bubbling of the samples, the sample was
irradiated by third harmonic generation (355 nm)aohanosecond 10 Hz Q-switched
Nd:YAG (Continuum Minilite) laser. A Hamamatsu Pbatcs Xe arc lamp was
employed as a monitor light source. The monitohliggassed through the sample
solution was focused on an entrance slit of a Ukus®MD200 spectrometer and

detected with a photomultiplier tube (HamamatsutBhics).

Abs. (closed)

0.06 -

N, purged

0.04

0.02 H

0.00 -
0.06

r O,purged

A Abs

0.04

0.02

0.00

A/ nm

Fig. 3-26 Transient absorption spectra of BT-ET in THF solution, excited with a
nanosecond 355 nm laser pulse; in solution purged with N, and O,. Absorption
spectra obtained by the steady state experiments are also shown in the top.
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a) b)

Abs. (closed) Abs. (closed)

0.067
0.08
0.06 0.0a | e
0.04
0.02
, 0.02 "
=} =}
< 000 < 000
< i <
0.06{- L
0, purged 0.04 L Ozpureed
0.04
0.02 0.02
0.00 0.00
400 500 600 700
X /nm

Fig. 3-27 Transient absorption spectra of POX-BT in a) cylcohexane and b) THF
solutions, excited with a nanosecond 355 nm laser pulse; in solution purged with N>
and O,. Absorption spectra obtained by the steady state experiments are also shown

in the top.
a) b)
Abs. (closed) Abs. (closed)
0.12
I N,purged 0~12__ N, purged
0081 2R 0.08
0.04 i 0.04
14 73
o % w =
< o000 —30ps S < 000
0.08}- b 0, purged
0, purged 0.08
0.04
0.04
0.00 0.00
400 500 600 700
A /nm

Fig. 3-28 Transient absorption spectra of PTH-BT in a) cylcohexane and b) THF
solutions, excited with a nanosecond 355 nm laser pulse; in solution purged with N;
and O,. Absorption spectra obtained by the steady state experiments are also shown
in the top.
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L A4E RF—TFre7/9—REBI=-vINEHTZI—T)—LYOXYEILZE
14 i1 4

4-1 B

ImidazolelX, b5 - EERWEOBEBERHERER L LA AZTbNH~T 2
HERTHD . AENTIE, FIZIET I/ BO—THD histidine Dl §4,

purine O ER B A& 72 E BB ICIFE L TRV, TOEEEEMEN S EEK G K
CHIA SR TWD 7. F£7=, KEER
» 1, 2, 4, 5(L~ERED VLT
EiNFTRETH D Z LD 78 ik
DIMEtOE LT 4 v T a=y b E

LTH ARG 7982 17c
Imidazole # V7 4 7= | = R
. = S ! =
Wb & o ety 7 U — v IN' \—/ L\Q‘ S N)_<=_/>
— N = - Vs > N\ hv4 s N\ N
TFUHERICOLEHTH Y, FRT 7 ke T ke
J—)lz2=v b % imidazole CZE& L Amax 350 nm 710 nm
: [Re] = Re(CO),Cl
2 =T V=L iiBWnT, R0 . ,
R N Fig. 4-1 Metal coordination-assisted near-
ALy F U THEBPBRE SIVTND. nfrared photochromic behavior. Adapted

Bl z 1 Yam 5%, == ~o fromref 83a.
pyridylimidazole % diimine UV 7> K~ &

L T ® H L, rhenium(If3 < oo
platinum(11)8%0 L Flfy S 7= % —7 U ) ?
— b ‘/%Eﬁiﬂkﬂg ;:L) Fﬂlﬁ%& L7=. 17 12> | TNENT delocalized

chemically stable

VWC, rhenium(l) & DEEFE LI X B Q/Nd;%ﬂ\@ &‘
visible i %\j

mAE E R II R RO EREEZ b 72 b 18c

L, BABHE ORI ARSI % T L Rmmbm Do

vy Ry 7 b5 EBBRESATY O~

% (Fig. 4-1) ¥ 7=, 17 ® rhenium(l) & @N /V/Nuc 180

PR BB R R 12 35 O 91, e

SMLCT (metal to ligand charge transfer = Q/Nd;%ﬂ\@

ICHE LY AETH S EmE S, 18c-Nuc

PABR (K B I £V turn-off A A+ F > Fig. 4-2 Photomodulation of ionic inter-

R AR T L AR ST, % action and reactivity. Adapted from ref. 84.
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7=, imidazole® 2 > ™ N J§ ¥ % & #4 e D

L 7= imidazolium # F4 v Mo # — e

TU—Ly (18 3, MEECHNT e Py
WOMhFAEEET D a9a - 0
imidazolinium Z kL, 22D C R O Slgos O O S19cS O

ERAREELREOE N e RN Fig. 4-3 Photoswitchable NHC catalyzed
2%, WA LIL, 18 DHBRIKD A condensation reactions. Adapted from ref.
NREH ~O RS2 RS = & & f 8

ML, BERMEMICK > TRERISHHIHTE LT — P AT A2 E LI
(Fig. 4-2) F7-, imidazole® 2D CJRF %M 7wm v MET 252 & TREAT S
N-heterocyclic carbene (NHCH! % —7 U — L 8%, BIERIK (1900 O AN T A
TS E T I MRS ORI 2 R+ 2 &b, AL v F v 7 AlHE
72 NHC filt i & L TR ST 5 (Fig. 4-3)

S 5T imidazolelx, = DL FHI L EMELE TR MED & push-pul B it %% 45 1
DEFHEEL L THIRSHWHA TV 1A 5 871X, benzimidazole: thienyl
2= b AR L, BRI EE S imidazoliumB 54 > O 4 RkiZ & - T push-pull
ML R 2 BET 28 FE LI L (Fig. 4-4) v b AbRiO IR EE
FFIX, HEEAFFoEW LE BN AR T L0, e hfbklE, ETF 77k
7 & — P m kL7 imidazolium 42 & R —1 thienyl= = s & O] T
CTHRELZMKL 8 RERMICITZTe— e CTENZRT. 61T, FEBRL -
BB RS, RS 71X K —o thienyl RO RIEIC L~ T2o0 R 5
CT REEZEKL WD &N R I, Thienyl = = & L T
benzothiophen&> phenylthiophenex 9 % 43+ (20,21) O¥tA Y ¥ 0%,
R TICTIRETH D LR S i, I K& 72 Stokes shifte” 1 — K72 &
X7 RVIER, IRWEALE (Pem) & WV o TR NFFENDEN T BN, —F
thienothiophenez # & L 72 73 1 (22) OFECRMEIL, H#HY/N S 72 Stokes shift
EME DN AT FOVIEAR, A & O @em & /1N S 72 TR B ST R B E B (Knr)
EWVS RS, /A4 FRIOEFmMEICHRLEZICTHELETH S & IFE
M7= (Fig. 4-4b) 22 3/R$ % /7 A RALCTARABEICHI Sk L 7= BRI, &0 1
MG DS Wtz ke, ARy TICT B ORETH 5 F L=
O k7R E, push-pull 5 - ORFHIA MR MR 252 T\,
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H-N" N
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s H+ = ;/;
H- 22:H H@S 21-H+

N7 NT

A
L
A
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N L4
0‘ .Q.
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a

b)

R= "}OCGH”

Fig. 4-4 a) Schematic energy diagram of thienyl-imidazole conjugated molecules; b)
Quinoid resonance structures in a protonated fluorophore (22-H*). Adapted from ref.
87.

ATETIX, #—7 VY —LOEREIC CTREZEATZZLT, £k
FOGHEN ICT L OBAIC L > THIEAIEETH L Z LA R L. £2T, 7m
kAR X B EhiE IR RE I 23 AT HE 72 thienyl-imidazole B ¥ & Z — 7 U — L >~
BATDHZET, KOS E CTRELOMAEEMNZ LV ZiKIc=2 hr—T
XD TRV EE 2=, FEIZ thienothiophenel imidazole % # & L 724y +
BAIE, Bl O@Y, * /A FRLBEEOFGICL > TT e F AMERIE TH
VHExr RS, CT MTHORMRRBEFELZ OO T EHGEEIND. —
77, imidazole & .0 EHEIZ S DT L E Y FIZOWT, 32D N R+ %2 T
A F AL LT imidazolium 7 F 4 > 2 Ak L725A, B+ 52 => M
DOREERRFENE LI Z RO SN Z EAdEIN TS O Uk
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imidazolium ® & % 1%, thienothiophene-imidazol& ¥ (2 B8\ T H B E N R EN %
AT, BHERBORMEESCE FHEICEELTEX LI ENHEIND.

e, RETIIHERT Y — /2=y % imidazole THRE L& —7T Y
— LW, 2.0 CJEF 25 thienothiophener = v ~Z X » CTmi% %
HEIEES 2T L0 FRICE 7= (Scheme 4-2) = LT, sy
+ & L CREH®R 840) 2-phenylimidazolgf &k (IM) ZH\Wv, T E 3D NJK
FO7 v AR L > TRMABESCE FHELHE T 52 & T,
5 W) BRAL SRR 0D i A & B R T2

a) j"‘\ )R\ S
N/_N/ uv N S S\
@/ES\ /SS\© —_— '\fg;%{\' TTIM
D | O
open-ring form (o) closed-ring form (c) M

b) [ j E \j
\/\/s g S
Saj) Y S?

HJF\']\// N—

Protonation Quaternization

=z

N N
/XK y N »\/} Q Q ;
TTIMo-H* TTIMo TTIMo*I-

Scheme 4-1 a) Photochromic reaction and b) Chemical modification of photochromic
terarylenes.

82



BAE FF—-TForeF9—BEBI=vVINETEI—T)—L U ORMEBLERERIE

4-2 RBRAE

ETOREEOBEEIIEA L7202 BIEREFICER L., o FREIs
i, FOBHMEE TR O 53 o st 2 v 7z,

'H NMR } 0% 13C NMR /% JEOL JNM-AL300 (1H: 300 MHz 13C: 75 MHz) %
AWTHIE L. EE5H1E JEOL AccuTOF JMS-T100LC (ESIY: O* Burker
Daltonics Autoflex Il (MALDI-TOF) {2 & - T{T72 > 7=. UV/lvis WILA~27 kv
HIE T 1E JASCO V-670% T V-550 %, @t A2 bk LHIEIZIX JASCO FP-6500
EENENMEN L7, Maxta s & 7 I3 1T Hamamatsu Photonics C9920-@2/]
WTHEH L. #EFH T Horiba FluoroCube 30003 W Tl &E L 7=. BRER
(Pco) M OEHBR OGN E FILER (Poc) X Shimadzu QYM-01% H W\ TR K &
IRTLOWMN T+ hrEa v b L, SRR OWRINANT N VEE S
bt TR ZITR -7 (2-9HiZ ).

B EHH 21X GAUSSIAN 09 (Revision E. 08y ZfEf L7=. JEEIRED
DFT #+&1%, PBEO/ A 7 U v RILBI% % & 6-31+G(d,pyE £ 2 W CToT 7
Sle. Wy B —AF L ThdaVRRFOHR, KEMEEL L TDGDZVP! %
BE L7z, — R R X — IS i ‘%ﬂ:??%%ﬂf:%if%ﬂﬁ%ﬁk L,
TDDFT IZ X > TDFT LR UGBTI o7, 24 RIFA2ATOHBEICBWT,
Grimme b @ 4y (GD3BJ) # F W 7= I i 1E #4772 - 7= °2,

4-3 B

REF T O AR % Scheme 4-2)¢ Y 4-3 275 L 72. 5-phenylthieno[3,2-
bjthiophene-2-carbaldehyd@’(®" & 4% 347 CHRIZHE > THK - RIEZ 1T/ -
7. p[-diketone 6) %, JEfT3CHR B THRARONTZMEEKIEE AW TER L.
Imidazole~ = v K%, pB-diketone @) & xf/&d % aldehyded DB Kt 12 L -
THF7=. s %Tzﬁ@é IMo & IMo*I"D[FE 1%, JedT3CHk ®* 2 cicqT7e o 72,
Za b APIRE, W T oS FE T e b oAb T I+ e R & o
trifluoroacetic acid (TFA)ZiRM3 2% Z & THM L 7= (1.0 x 10° M O£ 3mL
IZxf L C 0.01 mL® TFA % #sI0).
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Scheme 4-2 Preparation of 5-phenylthieno[3,2-b]thiophene-2-carbaldehyde.
Reagents/conditions: i) phenylboronic acid, Pd(PPhs)s, K,COs3, 1,4-dioxane, toluene,
reflux; ii) n-BuLi, DMF, dry THF, -78°C to r.t.; iii) ethyl thioglycolate, K,COs, DMF; iv)
NaOH, ethanol, water, reflux; v) CuO, quinolone reflux; vi) n-BulLi, DMF, dry THF, -78°C

to r.t.
@(NHZ ) ©\(N ) ©\(N i) @\(N v) @\(N o
> z - - Br > g
S SJ S\/g S\/{/ S\{%H
1 2 3 4 5
R R
. A
VII
N N
{& f} A%
s sl s
TTIMo-NH: R = 5-phenylthieno[3,2-b]thiophene TTIMo: R = 5-phenylthieno[3,2-b]thiophene
IMo-NH: R = phenyl IMo: R = phenyl

Scheme 4-3 Preparation of imidazole bridged terarylenes. Reagents/conditions: i)
chloroacetoaldehyde, ethanol, reflux; ii) N-bromosuccinimide, CHCls, reflux; iii) LDA,
CHsl, 0°C to r.t.; iv) n-BulLi, DMF, dry THF, -78°C to r.t.; v) 3-benzyl-5-(2-hydroxyethyl)-
4-methylthiazolium chloride, diisopropylamine, dry ethanol, reflux, vi) 5-
phenylthieno[3,2-b]thiophene-2-carbaldehyde (7°, for TTIMo-NH) or benzaldehyde
(for IMo-NH), NH4OACc, acetic acid, reflux; vii) CHsI, DMF.
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4-4 JAMNIOIVIENH

TTIMo, IMo K TXZ 6 DFFEEIRIZSWT, CHCl D UV RS (Air = 313
nm) \ZfE 5 I AT MV E{LE Z N E I Fig. 4-5 4-612R L7z, sy 1O
IMo %7272 1 > ORI K &7~ L7223, TTIMo (X 355 nm& 295 nmiZ 2 > D
WA K Z 7= L7z, TTIMo @ CH2CLHRIZ UV Jex N4 5 &, HansE
W EAZ IR ZE L L, 690 nmfst T o w] AR SE IS BT 72 72 W N o HE B A il RR L 7z
ZOBFEOWRIZAHIERE 217729 &, WRITHOEALZ 2L, TTIMo & [F—
DWIL AR 7 "V ZR LTz, 2B IX ARy 72 6mE 1 BR SOS I 5 PR IR O

TG & BHER IR D B AR TR A 7RI A X7 MV EALTH D . TTIMo D NEEAER X
JEIZ BT, PHAERMEICH R L 2RI E biTMmD T/ha <, hEHEIkE
(photiostationary state, PSSY#9 % £ TIZH 200 O NN 25 5. 71 b
BB D TTIMo -HHIZ DWW T, FEROERWHKARISHENBH S, —F
sy o IMo 1%, TTIMo XV b RAGLREGAKISHEZRLTEY, FEE IMo
D NFABR K B I (Poc) 2 65%TH 5 DIZxt LT, TTIMo @ doc iF 1%\
Wiz, — 8, W#kibtk o TTIMo 11X, Wi 7O IMo*1iZiZ%s 5 b D0,
10%@tt$5aé@Eﬁ%fit}img%ﬂz¢%ﬁ L 7= (Table 4-1)

T, ST IMo 7 e h AL L CE LD IMo-HYO AR (IMc-H ™)
X, FRICIEWBVZ EM L R Le., S|IRESECRINE(LZ R E L& 2 A, il
DOFEMRITIE E AL EWINEALZ RS 2> 724, PSSO IM-H*E 30 DREE T
fn@ﬁﬁf‘—“ﬁs (IMo-H*) ~BUH @ L7 (Fig.4-7) Z D X 9 ZRBIRN% O HBRIKD

EMEIK T L, 350 thiazole% ##% L 7= terthiazole}! % —7 U — L 28 W
T%ﬁ%éﬂfwé%
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Fig. 4-5 UV/vis absorption changes of a) TTIM, b) TTIM-H* and c) TTIM*I" upon
irradiation with 250 W high-pressure Hg lamp at 313 nm in CH,Cl, (1.0x10°® M);
open-ring forms (dotted lines) and PSS (solid thick lines). The insets are evolutions
of the maximum absorbance for the closed-ring forms.
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Fig. 4-6 UV/vis absorption changes of a) IM and b) IM*I" upon irradiation with 250
W high-pressure Hg lamp at 313 nm in CH.Cl; (1.0x107°® and 2.0x107°% M,
respectively); open-ring forms (dotted lines) and PSSs (solid thick lines). The insets
are evolutions of the maximum absorbance for the closed-ring forms. Irradiation
intensity was modified with a 10% ND filter.

b) oo @& ¢ ¢ 8 ¢
¢ EEEEEE
0.16
A
o 1.0 A
0 sec
0.12 1760 sec > A
<
~
< A
0.08 | et A A
500 600 700 800 - 2.0+ A
o M ® TTIM A A
0.04 A IMH A TTIMH]
o MT & TIMT
L 3.0F
0.00 e - ! ! N L A
500 600 700 800 0 500 1000 1500
A/nm
/ time / sec

Fig. 4-7 Thermal stability of the closed-ring forms: a) Evolution of the UV/vis
spectrum for PSS state of IM-H* in CH,Cl; at room temperature; measurement interval
is 160 sec; b) Thermal bleaching of PSS states in CH,Cl, at room temperature.
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Table 4-1 Photochromic properties in CH,Cl2.

®oct Dot
Compd.b Amax/nm (£/10% L mol~tcm™)
(313 nm) (600 nm)
TTIMo 295 (3.7), 355 (4.3) 0.0083 -
TTIMc 321 (3.1), 423 (4.9), 690 (1.8) - 0.016
TTIMo-H* 286, 365 n.d. -
TTIMc-H* 360, 435, 625 - n.d.
TTIMo*I 307 (4.5), 341 (3.2)¢ 0.1 -
TTIMc* 325 (3.7), 419 (3.0), 670 (1.3) - 0.03
IMo 287 (3.7) 0.65 -
IMc 276 (2.39), 322 (2.43), 665 (2.05) - 0.020
IMo-H* 273 n.d. -
IMo*I 293 (3.7) 0.56 -
IMc*I’ 639 (2.2) - 0.057

20ptical properties of IM*I" are referred to the previous studies, which were investigated in
acetonitrile®*. Pg values and photoreaction quantum vyields were not determined for
protonated forms. ‘Photocyclization quantum vyields (Aix = 313 nm). YPhotocycloreversion

quantum vyields (Air = 600 nm. Air = 517 nm was only used for IM*I"). ¢Shoulder of the
absorption spectra.
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4-5 DFTst&EICLBHMABERNT

DFT IZ & 23 HEALFHIRMRETHIC X - T, BETDFORMEEICET 2 BR L2172
S 7. TTIMo KOV OFFERO KRR EBIC I I 5 &b iE % Fig. 4-812R~7 .
HPEREE D TTIMo 1, thienothiophene- imidazole® i3~ i £ 2% 20.5°D #¢ -
mEEZ R LTEBY, S N~T R FHAEER L TW\Wbd Z L arme
LTCW%. REEOEFEBEEX TTIMo-HHIZEB W THE L, 22 TIENH---S
FTRHKFREAEOBEENHELE I, — HFWUHKEEE DO TTIMo *I- 1%,
thienothiophene: imidazolium==v MM IZITEMAIHENAT-EELZ L. 2
D89 KRR O RIHEE T, hERBIZBN T KMEIND EEXOLND.

TTIMo*I

Fig. 4-8 Optimized ground state structures of the open-ring forms. Torsion angle
between thienothiophene and central imidazole units, a, are also shown. The sum
values of van der Waals radii are 3.35 A (S, N) and 3.00 A (S, H).

4-6 TDDFTEIERUVEFEREMN

FhEC R BB IC BT DI 2 5 5 -2, #EFS FIoxtT % TDDFT 8 217
72 o 7=. Table 4-2 Fig. 4-9 ) O® Fig. 4-10121%, & 5 7= E - E B & frontier
molecular orbitals (MOs)2 =N ZH m L CW5. R FEL L X, £HEEEW
EPLBI# D CAMB3LYP™, & % W I3 i 1M EILEAE > M06-2X%° %, Tt %
BFEOHBIRFHIILH SN DB ZFE 4 it L7272 (4-108i5 M), 4RO
o FICB W T, PBEIPBENNA 7 U » MBI (Wb b PBEOYY M d B
WHBIMEZ R L7z, PBEOVEIE, BRI/ NT XA — X Z b ICIRK S iz BLiR

HOHLOEKTHY, YTV AT VHEEEO - 0L, o Ra
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Fig. 4-9 Experimental absorption spectra of the open-ring forms in CH,Cl, together
with TDDFT excitation energies and oscillator strength: a) TTIMo, b) TTIMo-H* and

¢) TTIMo*T".
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TTIMo 22\ T, HEFIEIKEIZ HOMO - LUMO BB N XEM TH Y,
$XE’J/J\éMEz%h%3§F%/T L 7= (Table 4-2) Fig. 4-10aZ 7~ L 7= MOSZ3Afi 7> &5,
HOMO X312 K+ —1 thienothiophene~ = , LUMO X7 7 &7 % —1E
phenylthiazole:L:y MZREELTWD Z ENgnsd. ZZHEIIZ7HE L 7= MOs
ENSWIRE T FRE D, TTIMo DOREEIERBIZICTRETH L LIFETE
5. FEBRMEIZIH T D 355 nmD R KK I & (X, TDDFT Ti& 373 nmE iR S
TBY, TOEFEBEEIT HOMO — LUMO+1 N XEMTHDH. Z 2T,
LUMO+1 @ 1% 13 F i f% & % Ff > imidazole-thienothiophener = » M2/
L TBY, ZOEDRIGAREIR T E~OEBETHEEOTFENIEFIZ/H S
o TWDHZENRPH NI - T,

TDDFT - HE 5145 57 TTIMo-H O KW &%, HIRkiE D TTIMo
FVBREEYZ FLTEY, EBRGERELFEROMMNES L (Table 4-2)
Z ORI RIiZR KR EREBIZHIE L TEY, HOMO — LUMO &#& D %5
Db Ely. TTIMo-H *® LUMO X TTIMo @4 XV & imidazoliumfi|iZ R 7E
ftLCTWwWi=2y (Fig. 4-10b) Z #uiE imidazolium F 4 U ki & 0 B % w0
XM ELZEDThrEEZELAOND. —F, RIGHERFZR T EO LUMO &
%W@%@i@%&Lfméw&wiﬁ%ﬂ%%ﬂk.

TTIMo *1-? 4y F#L7E Zo5W T, HOMO, HOMO-1 ¥ 1) HOMO-2 | =i =
URIRFICRELELTEY, xﬂ&?“éﬂ%%b%%ﬁﬁ? TR TE LD THh o7z,
e b 2 HK 81X HOMO-4 — LUMO & HOMO-3 — LUMO @ 2 > D& - EB )
BELTEY, EFREICBITS 341 nmfiiD s a v Z—E— 7 2% LT
HEEZBLND (Table 4-2) HOMO-3 & LUMO O L3 5 A 1L Z2 [ 92 50 HfE L
TWnb Z &b, RJF—4 thienothiophenek 7 7 & 7 % —# imidazolium-
phenylthiazole™~ = v ~H] @ CT R HELZ 4% . TDDFT 281 2 i KW I %
316 nmé& FHHE &4, HOMO-3 —» LUMO+1 BB O FE LN KB TH 72, #ih
Mg EZ AT 25 TTIMo *IIZ BV T, LUMO+1 D liE 47 4i 1% thienothiophenek
imidazolium = = v P THEEL TWBH Z Enonbd. 72, TTIMo X
TTIMo-H *& bl L T, TTIMo *I-®D Bk sk R R+ B2 X i 72 LUMO & % W\
X LUMO+1 #LE D FH R & 7.
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Table 4-2 Calculated electronic transition properties of TTIMo and its N-substituted

cationic derivatives.

Compd. Aexp?/nM Acaled®/nNm fe Assignment?
TTIMo 394 0.11 H - L (96%)
355 373 1.25 H > L+1 (96%)
295 301 0.64 H-2 - L (47%)
H > L+3 (22%)
TTIMo-H* 365 403 1.17 H-> L (98%)
356 0.14 H-1 > L (96%)
286 297 0.87 H-1 > L+1 (45%)
H > L+3 (33%)
TTIMo*I 341¢ 320 0.28 H-4 - L (40%)
H-3 > L (40%)
307 316 0.81 H-3 = L+1 (53%)
312 0.28 H-4 > L+1 (44%)

2Experimental maximum of the absorption wavelength.

H-3 > L+1 (12%)
H-3 > L+2 (36%)

bCalculated maximum of the

absorption wavelength. Oscillator strength. °H and L represent the HOMO and LUMO,

respectively. ®Shoulder of the absorption spectra.
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Fig. 4-10 Calculated MOs distributions of a) TTIMo, b) TTIMo-H* and c¢) TTIMo*I".

g4y 0 IMo K ONVE DFBERIZHONT b EHEFHRFTEZITR o7, 5O
FHENS, IMo FHFERIXTZ7E 1 DOV RSBl S 417225, Z 1Lk TDDFT
HETHLEHBE I, HE SN IMo ORI KIZ 290 nm T, HOMO-1 —
LUMO+1 & HOMO-2 —» LUMO ® 2 DO EFE B NRIE L Tz, LUMO K Y
LUMO+1 1= n - F il phenylthiazole~ = v MZJFEL TEB Y, KR
FIRF EIZIZZn e 0 MOs O wmER R oz, ROSRRFER T E~D
LUMO % DO WM e oAiiE, s+ ok (IMo*lY) i &R )
LbbfEohTVnD

UL EDFHEAL IR 2 JE1Z, G EFH5y 1 O B BR B ME D3 W I3 SO AR R 35
7 Ed LUMO & 5\ % LUMO+1 & FHE D% 512 JZO“CEEEU?“G‘%%) %8,
TTIMo 2378 L72ARWEROSHEIE, TRT7 U —na=y hOmER MR
s RRFEIRF EOBFEEORADNEKRNL TS EEZX LN, 5‘6??3(@:436

BWTHRBEOEHNBRHEN TS, 2ok H R E M, hh7)— o=
v M7 7T —MERLZER LY —T7 U — L UFEk Ty s s
nBYH, LUMO EFHEEODIC LD NEKIEHEOEKTELT—ELTWS.
TTIMo *I'lIC BT A IGEHEom B Z o&%R L5 L TH Y, thienohiophene-
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Fig. 4-11 Experimental absorption spectra of the open-ring forms in CHCl, together
with TDDFT excitation energies and oscillator strength: a) IMo, b) IMo-H* and «¢)
IMo*I".
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Table 4-3 Calculated electronic transition properties of IMo and its N-substituted

cationic derivatives.

Compd. Aexp?/nmM Acalcd®/nm fe Assignment?
IMo 296 0.47 H > L+2 (83%)
287 290 0.73 H-1 > L+1 (82%)

H-2 > L (12%)

IMo-H* 273 291 1.04 H > L+2 (51%)
H-1 > L+3 (39%)

H-1 > L+1 (7%)

IMo*I* 293 320 0.31 H-3 > L (96%)
287 0.23 H-4 > L (90%)

H-3 > L+3 (2%)

2Experimental maximum of the absorption wavelength. "Calculated maximum of the
absorption wavelength. °Oscillator strength. “H and L represent the HOMO and LUMO,
respectively. ¢ Shoulder of the absorption spectra.

a)

"

) IMo (H-2) ) 1Mo (H-1) 1Mo (H) ) ‘ 1Mo (L) ) IMo (L+1) ’ ‘ IMo (L+2)

IMo-H* (H-1) IMo-H* (H) IMo-H* (L) IMo-H* (L+1) IMo-H* (L+2) IMo-H* (L+3)

IMo*l (H-4) IMo*l" (H-3) Moty " Mot (143)

Fig. 4-12 Calculated MOs distributions of a) IMo, b) IMo-H* and c¢) IMo*I".
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4-7 WIACKMH
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Fig. 4-13 Fluorescence changes of TTIM upon UV irradiation at 365 nm in CH,Cl,.

REtF O CT FEZ 983 2720, Mtk Bie 2 FE 2 O I d Tagt 2~
7 N NVBIE &1T 72 o 7= (Fig. 4-14) TTIM K OZ OFEMKIIWNT L CT Btk
WCHRL7e®m Y AN N7 a I XA ER LD, TTIMo (3 b B ff 70 45 S A 4
A EZ R L, BEORWAELR S CIIMiEL -7 LE B0, BEo&mWE
BERCIX 7 v — RN7g CT B8 S /- (Fig. 4-14a) DFT #5725 TTIMo
® CT 1%, R —* thienothiophene: 7 7 & 7° % — 4 phenylthiazoldf] &

STHERBIZ X > TR END T ERRBEIN TS, CHCl2X° DMF O X 9
PR MR ME D R WA R T B Stokes shift 28/ S W iE (<5000 cm?),
thienothiophene-imidazol§ & % 7 > @Ot (AR I R 72, FEIRNTL O ICT Ktk
CERT 2 EE2x LD B

MO WEE R TN SN TEBELF B IE, BMBEMICXED
TTIMo-H*DAEt, 7 v — R3St~ & L7 (Fig. 4-14b) & 512, 1,4-
dioxane x> DMF ZBrRW\W7-Elh ClX, B RORERE T 7 M B ER éﬂt.
7u hAEET R ORI O W THICERT 5720, wIEHMRIEI
LIRNT 24772 > 7-. Table 4-4lZ kR L7281V, #AF M (Tem) I1ZEERMIC I D i‘é‘g
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ML, %2 n-hexane cyclohexane U8 CH2Clz HiIZ B W THHE R EHFMILN A
BTz, S HIZ CHCl 1 TIE, BRIRINTR OO BEHE G I W E R (k) O T
HIENMEREINT-. 7a kA% @ imidazolium T4 BT AT 7S
Z—Mom kX, FhEREO CT X RS, &/ 4 MO FmEEICH
L7 CTHAZ LT EEZOLND 8. CHLClz FIZIIT 5k & 1 I
(Pem) DA LT ZDELLE—-BHLTEY, WIERF /4 FREILIBHEO T 5IC
X0 R RIE WSS SN ThD LA TE 5.

ML (TTIMo *I7) 225 i%, M L2 ToOEBEFIcEB T T a— K%
W AR ROV S - (Fig. 4-14c) TTIMo < TTIMo-H*& E 722 v |
TTIMo +I'L:ifrﬁ“5 DFT %1%, thienothiophene: imidazolium#» F4 > @ = =
Y MRPSLAREEIC L > TIRIFEAL #Eﬂé%if%%iﬁﬂbf:. TTIMo *I1Z 51
529 Lt?)ﬁﬂ’*”i‘%a_ I, SR L K HE oD 5 S R WEBLHEZDHEMEIND.
PE> T TTIMo "N m 3k, R —H thlenothiophenec‘:7&?75“—‘@
phenylthiazoIeF'EJO)#)%hfF” CTREEICHKkT 2O THD EHMHATE S,
TTIMo "2 BT 2 Fr i IR A& 1L, TTIMo X° TTIMo-H &l TR & 72
Stokes shﬁUb%ﬁ{ﬁUéhk%Ikfcﬁo“Cb\ék%i SNb. Fio, WK
fELTem Y VN~ 7 m I XN/ NS o TzDiX, FEEIKRE & i IR i
WA U BEEZALTNWDLZ EICERT 2 EHHESND.
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Fig. 4-14 Fluorescence spectra in various polarity of solvents: a) TTIMo, b) TTIMo-H*
and c¢) TTIMo*I".
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Table 4-4 Fluorescence properties of TTIMo and its N-substituted cationic derivatives (1.0

x 107% M).2
Avst
Compd. Solvent® Aem/NM Dem Tem/NS ke/nst knr/nst
/cm™1x 103
TTIMo n-Hexane 414, 439 5.55 0.25 0.48 0.53 1.58
Cyclohexane 416, 441 5.49 0.35 0.51 0.69 1.29
Toluene 427, 447 5.48 0.36 0.63 0.57 1.01
1,4-Dioxane 425, 446 5.51 0.35 0.69 0.51 0.94
THF 447 5.56 0.35 0.72 0.49 0.91
CH.Cl, 448 5.84 0.33 0.73 0.45 0.92
DMF 451 5.76 0.39 0.84 0.46 0.72
TTIMo-H* n-Hexane 445 5.38 0.22 0.62 0.36 1.26
Cyclohexane 448 5.61 0.20 0.60 0.33 1.33
Toluene 443 4.98 0.22 0.64 0.34 1.21
1,4-Dioxane 424, 446 5.43 0.33 0.69 0.48 0.97
THF 451 6.00 0.35 0.76 0.46 0.86
CH,Cl, 457 5.52 0.45 0.87 0.52 0.63
DMF 451 5.92 0.38 0.84 0.45 0.73
TTIMo*I’ Toluene 443 9.79 0.027 0.63 0.04 1.54
1,4-Dioxane 443 9.89 0.064 0.58 0.11 1.61
THF 447 9.89 0.19 0.79 0.24 1.02
CH.Cl, 448 10.25 0.41 0.85 0.48 0.70
DMF 448 9.63 0.39 0.74 0.52 0.82

2parameters: maximum of the emission wavelength (Aem); emission quantum yields (®Pem);
emission lifetime (Tem); radiative rate constants (k;); non-radiative rate constants (kn,). °TTIMo*I" is
insolved in n-hexane and cyclohexane.
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Fig. 4-15 Photocyclization quantum yields of diarylethene (23) for different excitation
wavelength in acetonitrile (left) and schematic illustration of two distinct
photocyclization pathways on the potential energy surfaces (right). Adapted from ref.
34.
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Fig. 4-16(21%, CH2Cl2H® TTIMo & TTIMo *INlZ 2>\ T, B2 EhEE R
B2 NHHARKICETFINEOE(LEZRL TS, TTIMo & TTIMo *I-® J:PHER
FOGS & FICRIT I, EKEEOREE Y 7 Mo =R 2R L.
[FRED R R B KA, TTIMO-H*OHBREISICBW T LB I TV
(Fig.4-17) I EMORRIZI T D i E ORISR FIRIL, 6mE TR A2 S

BEBEEIREMCHERTH2-0THIEEZLND. BEEMORBEX CT
h%«@ﬁﬁ% FILRT <, £ BIGS~DFEF /S Z Z2 1 LT
LeiHgEsns, —HLT, #AEFNRIMERREORKEE Y 7 MIfE-T
BRI D2 ENDholz (Fig. 4-18) & B I St & 1 UK O Jah g 1% B AR A7 PE 1%
TTIMo *I" D 5728 TTIMo LYV 72 ZlbEZ R L TWd. ZOMEE, T
T4 2 OO E PESSOD*H_FLf’EfHO)%Eﬁﬁ) M C& 5. Scheme 4-4Z71
L72i@Y, TTIMo & TTIMo *I-® m kb R 1E, JEPABR OGS & 0 5 < B
5.9 % ESli &, CTHRetED KELAY 72 ESh D 2@?@:&@ PESSHfFET 2 EE X H
N5, OsETFICROWAME LR EREERAEZ R L TTIMo "IN 2> W T, 2f#
YA DL IR HE PESSO AR 72 Z B 1T DM AAEAIEIER 1295 <, PESSE] @ mixing
LWL DO TH D EHEEIND. — 5 TTIMo TiX, JiiIkiE PESsD %2
ZICB T AMHEEAN R E W=D, ESI & ESI 2358V mixing % 7R
L, RELGPREGETNREELEZ L LTNDL EBEILNS.

BT O, EFLE X — TJ—I//ainit&% AR EI T K0 OGP BR BOGME 23 i
%ﬂéﬂ‘é’ EDRA LN, ZHIROLERIE A A S 6nE 1R O MOsorAii &,

T 2% 2 DO bk IR AE PESSF"ﬁ@i‘EEVE)ﬂ@Eﬁ'573>%ﬁfr7|‘)i“(é°%)
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Fig. 4-16 Excitation dependent photocyclization quantum yields (®oc) in CHCly: a)
TTIMo and b) TTIMo*I".
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Fig. 4-17 UV/vis absorption changes of TTIM-H* in CH,Cl, upon irradiation with 250
W high-pressure Hg lamp at various wavelengths.
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Fig. 4-18 Excitation dependent emission quantum yields (®em) in CH,Cl2: a) TTIMo
and b) TTIMo*I".
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a)

ESII,,
ESII,
2 i
Photocyclization

TTIMo

b)

ESlI,
ESII,

o
Photocyclization

So

TTIMo*I

Scheme 4-4 Schematic energy diagram of terarylene photoswitches: a) TTIMo and b)
TTIMo*T".
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4-9 HER
KPR T, thlenothlophene imidazoled: = N2 &% —7 UV — L §
FAZE AL, %t% BITH CT EEPARKISEE & OHAEHRIC O W TH

L. TTIMo I, m*%+L@MoS:m#ﬁ@ént_& ZHRT DR
FWPRARBICYEZ R U, & 7o BSOS 1 U 3E O Rl L 31 R AR AF P 1T s /s S v b
Tholo. —J TTIMo *I'iX, 6mE R LIZH MOs B RAFIZHAT 52 & Tlh
A R VOB PABR RS PEZ R L %t&ﬁ’k%<%ﬁbkﬁﬁ%%ﬂ$%kﬁ
MR S 4L7=. TTIMo & TTIMo *IMZ 31T D It & 1 I O fah i I AR A7 D&

Wi, 2 o0 L7- IR EE PESSHI O BEAERAIC L » CHHTE 5. T742b
b, REEMORERE TBR S 7 ARVOEFARKOCER, BAa T 5 CT %L
WEROGFEICEKNT IO THDL EEX L.

S B L F MR I BV, KashaHl 27 i3k b EERHIBRO —>THY, Z0
EANCR L, @R OEFREIREN S O RFEMIC X - T, #wEREIT
EEhEIRBEN B L Z 5. Kasha Bl &%, bk Ik 58 o Ik 2 &%ﬁotﬁm
ICHIEE S, —BICEORICEFICRIIMEREICH LT —-ETH D 2
L2rL, EHE Kashalllc KT 2 RIS R b#E S h>odhy 73073499 =
HOFIX, Bl NKes TREWORA KEREEEZALTVS. 2
L7BlR» 6 b AR RREO K EIL, ZHEEO S DHBEXAAL v F 75
FTORFHNCEELRHARZG 250 THHEF RS,

g

_twisted

Photocyclization T Photocyclization cT
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4-10 ERAERUVRAE

©\r N 1) n-BuLi, -78°C — -30°C ©\r N o)
- Br 2)DMF,-30°C —rt -

S dry THF, under Ny

4 5

5-Methyl-2-phenylthizole-4-carbaldehyde (5) T b I #4iz f & 22 33 & #2 % 17 72
ST RS R %% AW T 4 (2.55 g, 10 mmol)Z fii /K THF (100 mL) I L,
-78°CE CTHAEIL7=. -78°C F T n-BuLi (1.6 M inn-hexane 7.5 mL, 12 mmol¥
Do D EMTFL, -30°CETCTHARFBSIERNS Q0 MH#A# L. -30°CF
THLK DMF (0.95 mL, 12 mmol)Z i F L, HiRF CHIBESERR L ERZFTHX
T CHRERE L. ZO%AKEZINZ T NHaCl KIEK THFI L, ethyl acetate
ZX 0, Bon-AEE MgSQs THIZK L, JEiE L C&5 DI 728K 2 T
BefE U=, HLAER X column chromatography (silica-hexane/ethyl acetate 9:1)
X VBRL, HEAGEEO Y 6) 457~ (1.71 g, I 84%). H NMR
(300 MHz, CDC}): d(ppm) = 10.22 (s, 1H), 7.95-7.91 (m, 2H), 7.49-7(#6 3H),
2.45 (m, 3H).

o (@] (0]
Me Cl/\
/\/2/— B )
N9 HO s 1\ /N
/ s s
S\{’«H HN(iPr),, EtOH
5 6

1,2-Bis(5-methyl-2-phenylthiazol-4-yl)ethane-1,2-dine (6) T & IME\G I & % %
B AT > - OGS R E: 2 AV T 5 (2.01 g, 9.9 mmol)% ik ethanol (20 mL)
HOZEfR L, W sifIE (=70°C) £ CMAA L T LEFMER ATV T 21T o7z,
Z D% G 3-benzyl-5-(2-hydroxyethyl)-4-methylthiazolium chide (24 mg,
0.089 mmol) & diisopropylamine (0.10 mL, 0.71 mmok iz, HIE L TEEX
FHS T C 3BEIMBGRE L7-. RIEGA%, ECT-HAERYERZERL .
PRI U C R RARIC I AL C AR OER AT Y 7 2 77w, FAE
@ diisopropylaminef& O thiazole saltZ il x C 3 BEINEGE L, ERH A%,
Wi AECT-HAERYERZER L. B LZEREZHANCTZOE8REELZ S D
— R R U7, MRS T column chromatography (silica, chloroformy X v
BRLL, HAAEEAO B 6) 2457 (1.37 g, I 34%). *H NMR (300 MHz,
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CDCl): d(ppm) = 7.79-7.73 (m, 4H), 7.37-7.31 (m, 6H), 2(87 6H). ESI HRMS:
m/zcalcd for G2Hi1eN2NaO:S2 [M+Na]*: 427.0551; found 427.0552.

o O % S s
s CHO
r;l \ / ’:l NH,0Ac, AcOH N” "NH
under Ny, reflux, over night —
1\ /
6 S S

TTIMo-NH
4,4'-(2-(5-Phenylthieno[3,2b]thiophen-2-yl)-1H-imidazole-4,5-diyl)bis(5-methyl-
2-phenylthiazole) (TTIMo-NH): T & BRI & EREHR Z 1T 72 o T KIS K 5
% v T diketone 6) (404 mg, 1.0 mmol)% acetic acid (34 mL)+ (2 fiE L, 5-
phenylthieno[3,2b]thiophene-2-carbaldehyde (293 mg, 1.2 mmad) NH4OAc (467
mg, 6.1 mmol)Z Mz 7-. TOHFEL, EFFMHK T CREMBGER L. =
i E THA%G, KB TR NaCOs KEKRIZE VY- b &ffnLiz. H4A
%% 1% short-path column chromatography (silica, chlorofpric X % K Hl#%, n-
hexane & methanol THE# L, sHAAREKD BB (TTIMo-NH ) %1572 (507
mg, I3 81%). H NMR (300 MHz, CDC4, TMS): & (ppm) = 12.22 (s, 1H), 7.91—
7.87 (m, 2H), 7.72=7.69 (m, 2H), 7.48-7.24 (m, 13B)56 (s, 3H), 2.14 (s, 3H).
MALDI TOF-MS: m/zcalcd for GsH24N4S4 [M+H]*: 629; found 629.

7 s 7S S
S .~ S o S o
CHgsl, K;,CO3 TFA H
2 —_— 7z — ~ —
N”°NH DVF N”°N - N” N
— rt,12h — —

N N N N N N
;o\ I\ ;o\ I\ ;o\ /A
s s s s @s s
TTIMo-NH TTIMo TTIMo-H*

4,4'-(1-Methyl-2-(5-phenylthieno[3,2b]thiophen-2-yl)-1H-imidazole-4,5-diyl)bis
(5-methyl-2-phenylthiazole) (TTIMo): TTIMo-NH (315 mg, 0.50 mmol)%~ DMF
(10 mL) H Iz fE L, K2COs (139 mg, 1.0 mmol)& methyl iodide (6QuL, 1.0 mmol)
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ZIMA TERZERT, WEP T 12K M Lo, A& U MAR Y E R 2 IR L
T T L, CH2Clz FIZVEMR, MgSOs THiAK L, I8 L TH O 7= 18K &
JEVEAE L=, HLAERR® X column chromatography (silica, chloroformy X % i
#%, ethylacetateT¥eif L, HHEAEEOHMY (TTIMo) %157 (308 mg, UL

5% 96%). 'H NMR (300 MHz, CDC4, TMS): & (ppm) = 8.01—7.97 (m, 2H), 7.81-7.78
(m, 2H), 7.68=7.65 (m, 2H), 7.61 (s, 1H), 7.5318l), 7.50-7.39 (m, 5H), 7.36-7.31
(m, 4H), 3.90 (s, 3H), 2.51 (s, 3H), 2.15 (s, 3HC NMR (75 MHz, CDC}, TMS):
3(ppm) = 164.44, 163.44, 147.00, 145.80, 142.83,.382140.71, 138.58, 136.21,
134.99, 134.52, 134.46, 133.90, 133.61, 130.70,2829129.01, 128.94, 128.62, 127,
96, 126.26, 126.15, 125.86, 118.35, 115.43, 3314532 ESI HRMS:m/z calcd for
CaeH27N4Ss [M+H]*: 643.1119; found 643.1112.

TTIMo-H *. H NMR (300 MHz, CDC4, TMS): d(ppm) = 8.10 (s, 1H), 7.95.92 (m,
2H), 7.86—7.83 (m, 2H), 7.70-7.67 (m, 2H), 7.59XBl), 7.53-7.36 (m, 9H), 4.06 (s,
3H), 2.15 (s, 3H), 2.08 (s, 3H).

7S 7S
S o SNGZ
2 — CH3| @ \®/ —
N . N r.t, 3 days I N _ N
N N N N
S S S S
TTIMo TTIMo™I

1,3-Dimethyl-4,5-bis(5-methyl-2-phenylthiazol-4-yh2-(5-phenylthieno[3,2b]
thiophen-2-yl)-1H-imidazolium iodide (TTIMo *1°): F & I ZARL 1 & 2 F B &
T o RO AES™T T, TTIMo (193 mg, 0.30 mmol)& it & @ methyl iodide
(7.5 mL, 120 mmol) & fE i S CE R FHK T, 3 HM=EREHR L. 0%
WEEM L, Wi HPLC (methano)ic X 2 KM%, BHAGAEKO B Y
(TTIMo *I") % %37= (136 mg, ¥ % 57%). 'H NMR (300 MHz, CDC4, TMS):
J(ppm) = 8.74 (s, 1H), 7.92-7.89 (m, 4H), 7.70-7(6i 2H), 7.59 (s, 1H), 7.46—7.36
(m, 9H), 3.94 (s, 6H), 2.34 (s, 6H)C NMR (75 MHz, CDC4): d(ppm) = 166.43,
151.06, 144.26, 140.75, 138.49, 138.44, 137.05,.71683132.65, 130.52, 129.14,
129.03, 128.79, 128.23, 126.30, 118.28, 114.8858513.00. ESI HRMSm/z calcd

for Ca7H20N4S2* [M]*: 657.1275; found 657.1276.
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AL ¢ M-cHo N7 NH
’;l \ / r:l NH,OAc, AcOH N { 7 N
under Ny, reflux, over night / \

S S s s

6 IMo-NH
4,4'-(2-Phenyl<lH-imidazole-4,5-diyl)bis(5-methyl-2-phenylthiazole) (IMo-NH) :
TTIMo-NH & REED AR T2 LV, benzaldehydes W CHAREKD B
(IMo-NH) % 157= (UL=% 83%). H NMR (300 MHz, CDC4, TMS): J (ppm) = 12.22
(s, 1H), 7.91-7.87 (m, 2H), 7.72-7.69 (m, 2H), =824 (m, 13H), 2.56 (s, 3H), 2.14
(s, 3H). ESI HRMSm/zcalcd for GoH23N4Sz [M+H]*: 491.1364; found 491.1365.

£ _CHal. KaCOs £ _ TR H.® £

g @ﬂﬁw oA

IMo-NH IMo-H*

4,4'-(1-Methyl-2-phenyl-1H-imidazole-4,5-diyl)bis(5-methyl-2-phenylthiazole)
(IMo): TTIMo L RIEED AR FIEICL Y, AREEXRO B (IMo) Z1&7- (X
¥ 82%). 'H NMR (300 MHz, CDC#, TMS): d (ppm) = 8.00-7.96 (m, 2H), 7.84-7.79
(m, 4H), 7.53-7.39 (m, 6H), 7.37-7.27 (m, 3H), 2(433H), 2.12 (s, 3H)!3C NMR
(75 MHz, CDCI3, TMS):d(ppm) = 164.26, 163.43, 148.56, 142.71, 135.65,.484
134.30, 134.03, 133.86, 133.60, 130.87, 130.71,.2%80130.12, 129.97, 129.79,
129.21, 129.07, 128.86, 128.68, 128.54, 128.37,3P6.26.17, 126.12, 125.62, 33.50,
12.20. ESI HRMSm/zcalcd for GoH2sN4S2 [M+H] *: 505.1521; found 505.1520.

IMo-H*. 'H NMR (300 MHz, CDC4, TMS): &(ppm) = 10.83 (s, 1H), 7.99-7.93 (m,
3H), 7.89-7.82 (m, 4H), 7.70—7.60 (m, 3H), 7.5277(h, 3H), 7.44—7.40 (m, 3H), 3.9
(s, 3H), 2.10 (s, 3H), 2.08 (s, 3H).
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C . L

@ﬂ/}*@ =

(1. 1 day
IMo*I-

1,3-Dimethyl-4,5-bis(5-methyl-2-phenylthiazol-4-yH2-phenyl-1H-imidazolium
iodide (IMo*l°): IMo (87 mg, 0.17 mmol)% acetonitrile (5 mL) H 2 fig L, &
£ methyliodide (0.13 mL, 2.0 mmol¥ Il 2 C=RIEZEAK T T 24 HE# L 7=,

D% IWLE A L, ¥ HPLC (methanol)iZ X 2 ¥##%, EHAQEED H Y
(IMo*I ) %57 (102 mg, L= 94%). H NMR (300 MHz, CDC}, TMS): & (ppm)
= 8.16-8.13 (m, 2H), 7.92-7.88 (m, 4H), 7.73—7.70 8H), 7.48-7.43 (m, 6H), 3.84
(s, 6H), 2.30 (s, 6H)*C NMR (75 MHz, CDC4, TMS): & (ppm) = 166.43, 146.47,
138.22,137.16, 132.69, 132.66, 131.52, 130.51,71229.29.04, 127.48, 126.28, 121.48,
35.36, 12.91. ESI HRMSn/zcalcd for GiH27N4S2 [M]*: 519.1677; found 519.1678.
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Fig. 4-19 a) 'H and b) 3C NMR spectra of TTIMo in CDCl; (1H: 300 MHz, 13C: 75 MHz).

€807
mz

L

775 15 125

200

A

PPM
7.0 6.0 5.0 4.0 30 20 1.0 0.0

8.0

9.0

10.0

1.0

0000

111

Fig. 4-20 *H NMR spectrum of TTIMo-H* in CDCl; (300 MHz).
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Fig. 4-21 a) 'H and b) 3C NMR spectra of TTIMo*I" in CDCl5 (1H: 300 MHz, 13C: 75 MHz).
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Fig. 4-22 a) 'H and b) 3C NMR spectra of IMo in CDCls (1H: 300 MHz, 13C: 75 MHz).
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Fig. 4-23 'H NMR spectrum of IMo-H* in CDCl5 (300 MHz).
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Fig. 4-24 a) 'H and b) 3C NMR spectra of IMo*I" in CDCl; (1H: 300 MHz, 13C: 75 MHz).
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4-11 #E DONRUCEFLLEEHE

IMo

Fig. 4-25 Optimized ground state structures of IMo and its N-substituted cationic
derivatives.
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Fig. 4-26 Absorption, emission and excitation spectra; a) TTIMo, b) TTIMo-H* and ()
TTIMo*I".
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Table 4-5 Excitation dependence of the photocyclization

quantum yields (®oc) in CH,Cl».

CDOC
Airr/nM

TTIMo TTIMo*I
300 0.0092 0.1
313 0.0086 0.1
320 0.0083 0.09
330 0.0085 0.02
340 0.0076 0.002
350 0.0062 0.0006
365 0.0056 0.0003
380 0.0047 0.0001
400 0.0029 0.0005

Table 4-6 Excitation dependence of the emission quantum

yie|dS (q)em) in CH2CI2

Compd. Aiee / NM O J
TTIMo 300 0.27

355 0.33

380 0.39

TTIMo*I 300 0.31
340 0.41

380 0.43
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Fig. 4-27 Absorption spectra in various polarity of solvents: a) TTIMo, b) TTIMo-H* and
c) TTIMo*I".
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RKETIE, FECHONTMEREEZRIEL, TORKREZEIZOWVWTIHERS.
5-1 FEODOHIE

FEWNUZ K > THERT 20 FOEFRIERIEDZ, BAROHEREM O R LX
— - WEZEH, MPERBLZBWTAREMRER Z2H - T 5. FICBEE, ok
TRAX—DOHANFHOB RN G, FHERIEIZI T 2 2 A7 Rt & fil i L 7258
BOCHSREMELOBRE NS EENTNDE. —FHEL ORLERIERICB W T,
EIR OFE IR AR X, BRI AR L - TRIKBERE~EMI D Z
ENHMBNTEY (Kashan iEH| & O Kasha-VavilovHl) 27:29, il g Ik 5E #4112 5
FAHRERFKER-oTWD., VTV =T U NRTIEMBGEEE D LR
PEAE=e, IR L ZORIROFISN TIERL, FEAEDODTPT I —LTT Vi
ERIZEBWT, ZOKRSESCEIEFEIIRERE =¥ —) I2KFL
RN EPRRE SN TWD. L LIEREIE, mE 0 ECHme E ORI,
Kasha Q2> 6 PRI S5 E@IC K L REEX 4 F I 7 ABRBHEI S>> b
D9, TV LT BN TY, FrEARRIEREE PESsOFEEIC X -
T "Anti-Kasha” X8 2 R T A fEENH D Z ERME ST 5 73084 A% 0
JEHEREATEIBRFE D & LT, Anti-Kasha @) %2 & O 7= Fh IR REHIE 2308 B S h
HH, KT, #—7 U — L U AT b R O &g - B 1 G
i 2 H AR & LT, M EM BRI & o FRRGHREHE R ICER Y M AT
2w Tk, KIS mEE Eicethyl k2 H+ 52 —7 U —L &AL, thienyl
5o S,sdioxide b iz X 2 B L FRMEECICTOWVWTIRFT 21T o 72, BERE
BAZ X 5, S,Sdioxide {kiz D ALK HE PESSIC T 5 = R /L ¥ —[EEE
DIFENRB S, EEONHBRKIEHEORTFTE—BHLE/BEER GO, 2
D xRV X —FEEE T, PHBR (A 12351 5 CHIOS/r TNKER G S B L TE
D, R T T, MEOMIBEALIC LD EAEFEICLFELTNWD L
MHEER ST, & 51T, OSSR FE L~ ethyl 58 A2 X 0 BABR K O 88 R ik
M B S, BFEEEEBEME e — 7 & L CORMATREEEZ R L.
BI3ETI, HFNICRF— T 787 ¥ —EAL %28 A LT push-pull il
Mo —7 VU — L Ze&Et L, ICT BphEREN RIS E LREIC G 2 5%
AR L. SEPABRPOS & 7 IRIE, B 72 VA SR {5 17 M I OV b e 3% = 4K
FVEZE R LTS, ZAUEOtREIREBIC B 2 RIS & ICT L OBABRIC
BERTDHHDOTHD EMNINT. B EFFEIE, BRESBEREICSY
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THRWCTHRMEZAT L Z a2l TR, WERNDLHIEIZEL>T, CT

EEPABRBIR E DBABR 2 XFHT HMEN GO, & 5HIZ, phenothiazine
RFP—HALE LTHT D push-pulllil # —7 U — L 2B WT, FhEKED 2

FEFA O RATHEE IS ok L7z ZHAOE 28I L, St RGOS & 12 22 turn-

off A v F U7l TELZ L ERLTZ.

%4 B TIL, BhERREIZKT D ICT & OBEABR K ME O Hi# 2 B2 R S,
imidazole # 7 V — /L2 =v k& L TEME L7 push-pull % —7 U — L
P L. REto FORMEESLE FHEITT RO imidazole = = v F D fk
FREMIC X > THficsh, ZiUSfBEL T 6% D MOs 4 %ﬁrjvfﬂm“é z
EMBERETRE MO R I N, BB ESCE FEEOMIEIL, THET 5 2
Db K& PESSEI O A/EMIC b 4 5 2, PR Jiﬁié: CTRNICBIT D
B R RIK R b b L.

b, E2ENOGFEAERETIODX =T V-V VR NIHEAAL v T VAT A
DWTC, ETOHEYMEMBEMIICE Y A TEM, BhERE PESsIZEHE L
TR E Y, =X F—[EEELH G AR, REERH O A AEM 72 L bk Ik R b
BB A RIS 5 2 & T, ko Kashall B LA A v F v 2T ADA|
HIZEDN D0 FREHES R T2 ER T 52 N TE .
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5-2 [EkEE

TV =T RFED
FBEENRTHERAAL v
F LU EBIE, SN AW b ; p
{ T AR W e _ 24¢

5 7 M LRV 43 B~ D s 2 e
ERAYHEIATND.
IR LT R R A O RO B
Ta—7 ~OHERIC

DWNWT, Kim3H 2 &8 T Fig. 5-1 Molecular structures and optical microscopy
o5 L7 turn-on BUA% images of C. elegans incubated with 10% DMSO and

diarylethene (24); 240 (left, colorless) and 24c (right, blue).
PEZ =7 U=V id, Bl Adapted from ref. 91.

i b A ER Mo 1o

—DLERD. —FH, EEMEE~ORHAEZBRE LIS E, 7 FOKEES, Bl
S ROBEE T OO AN ENE 102 WM 5T I ERNSDL. U7
V=7 OKREMAIZEAL TIX, 4 K7V —=2=v MZ pyridiniumt®
L sulfonaté®?#EHEA L7727 U — /LT BV T, KEKF TONEISEMEN
WE SN TEY (Fig. 5-1) carboxylic acidz & A L 7= S,Sdioxide~ 7 U — /L=
TUIZB W T, RESOLFT i EAHWEBRGA A —Y LV I RER I N TN D
(1-450)%L. 295 L7V A 7 U — N~ KREDOEANIL, 5 2FEO turn-on’il
HES =T V=L bRy PR THLEFAD. £/, B3, H4=E
Doy Tk et ik L 72 o 72 push-pullBifgd&E , s VN b7 I X AEHEHBR
BIGEMEOBANG, AR Ta—T7 L LTCoOFAERD D, FEE, HURPUAK
J&X> DNA hiblidization, R X A F I 7 2%, MIEZLLE LD 503 % <,
) LIRS S bl kL » CTERIRT 25 Z LA EETH 5. Push-pull
RS 2 A% turn-on BAOEME X — T U — Lok, BRGSO BEMEE I H W
BHERO WA EE WS TR, WY AR M7 I XA X o THEIREEREIC
B2 X 0EM2MREZEZ TSN ERMFEND.

FE-AS THE2RA AT 5 push-pull BUREE I > W T, B BERIE D TE R
%, AHEEE KRS B (organic photovoltaics, OPVEY oG HER & A 4 — R
(organic light-emitting diode, OLED®Y 72 &, JHiET N A A DO FHEHFBEL L 72 5
TW5. £ L TI4ETIE, HENH O push-pulltis 2 F) U 72 BUE AL 8 IE 55O
(thermally activated delayed fluorescence, TADF)E 19543, OLED ® 3 eb1 k) &
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150 X T D (Fig.
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So — ‘ Sp
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Fluorescence

Fig. 5-2 Generation process of singlet and triplet
excitons upon electrical excitation: a) Conventional
fluorescent and phosphorescent materials; b) For
TADF materials, the S; and Ti levels are close to each
other and reverse energy transfer occurs with a high
efficiency, enabling highly efficient EL from the S
level. Adapted from ref. 105a.

RIhE R B 31 5 FE 7
HAERZMS L, K& 253 EELR (k)
E/NE 72 AEsT WAL S 72 TADF 43 1-5%
AL NC L. Bl G T EHC
X o TEHWIHLFE NS S 1D TADF
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@ OLED #MeAt k& L THMAHIFF S
LTS, TADF 28 HIfF S D stk % —
7Y=L AoV T, MB%T%%LK
push-pull B 5y ¥ 2 HARIZ B 5 51 A
DTHRE R EITRoT0D. %zi”
1 25 1%, HOMO-LUMO o ZZ[# 1) 5y i &
~0.21eVDO/N S/ AEsTZ /R L TRV, &1
{E%EFHE DT TADF R Z — 7 U — L v b
LCofFA%ENRRE I (Fig. 5-3) L
LU, FEEAK L 25 I3ERHICk - T
R LT WD ERMERINTE Y, BITE
MtA R B2 & D0 TR0 R 5K
ELITRoTNA.
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Fig. 5-3 a) Molecular structure of
teryarylene (25c¢) for TADF emitter.
Torsion angle between phenoxazine
and central phenylthiazole units, a,
and the energy differences between S;
and Ti states, AEst, are also shown. b)
Calculated HOMO  and LUMO
distributions of 25c. Calculations were
performed at CAMB3LYP/6-31G(d,p)
level.
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5-4 Reversible photoswitching of TTA
upconversion using diarylethenes1%8.
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Ja=y hELTHNBND Z & Fig. 5-5 Photocoloration control in
NHFF X4 5 (Figs. 5-4, 5-5) diarylethene (26): Three-photon cyclization

- _ . . and two-photon cycloreversion by a near-
SHETHM= =y FBRD inflared femtosecond laser pulse. Adapted from
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