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Synthesis and Properties of Visible—light—driven Fluorescence Turn—on
Diarylethenes Based on Benzo[b]naphtho[1,2-d]thiophene
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Abstract Diarylethenes (DAEs) fluorescent photoswitches have attracted much attention because of their promising appli-
cations in super-resolution bioimaging such as PALM (photoactivatable localization microscopy) and STORM (stochastic
optical reconstruction microscopy). Up to now, the developed materials mainly relied on the combination of diarylethene
photoswitches and fluorescent dye moiety, in which the fluorescence intensities are modulated by fluorescence resonance
energy transfer or intramolecular electron transfer. However, these fluorescence turn-off mode photoswitches are not suitable
for PALM and STORM. Thus, the construct of fluorescence turn-on diarylethenes is highly desirable, especially all visi-
ble-light-driven photoswitchable DAEs that rule out the use of high energy UV light. Herein, we report a 405 nm visi-
ble-light-triggered fluorescence turn-on DAE BNTP-BTTO4 based on benzo[b]naphtho[1,2-d]thiophene (BNTP) group, and
the photophysical and stability properties of BNTP-BTTO4 was systematically investigated. Moreover, with the assistance of
density functional theory (DFT) calculations, the reasons for the visible-light-driven photocyclization and fluorescent turn-on
were clarified. The introduction of electron-donating BNTP redshifts the absorption edge of the BNTP-BTTO4 open-isomer
(ca. 430 nm) compared with the control molecule Ph-BTTO4 open-isomer (ca. 390 nm). In addition, it was found that the
introduction of BNTP resulted in the molecule exhibiting good fatigue resistance, thermal stability, and photostability than
the control molecule. There was no obvious changes in the absorption spectra of BNTP-BTTO4 upon alternative irradiation
with 365 or 405 nm light and visible light longer than 450 nm for 20 cycles. Furthermore, almost no change was observed in
the absorption spectra of photostationary state BNTP-BTTO4(c) after storing in the dark for 24 h at either room temperature
or 60 ‘C. Particularly, the absorption intensity of BNTP-BTTO4(c) only decreased by 4% after 200 min of 405 nm visible
light irradiation, and the photostability was significantly improved compared with the control molecule. This study provides a
new idea for the design and development of visible-light-driven fluorescence turn-on DAEs with excellent performance.
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Figure 1 Synthetic routes for BNTP-BTTO4 and Ph-BTTO4
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Figure 2 (a) Absorption spectra of Ph-BTTO4(0) and BNTP-BTTO4(0o) in toluene (5.0X 10 ° molsL™"). (b) Absorption spectra changes of
BNTP-BTTO4 in toluene (5.0X 10 ° molsL ') upon alternative 405 nm and visible light (>>450 nm) irradiation, inset: Corresponding color changes of

BNTP-BTTO4 under UV and daylight
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Figure 3 (a) Fluorescence spectra of Ph-BTTO4(c) and BNTP-BTTO4(c) in toluene (5.0 X 10> molL'). (b) Transient decay spectra of Ph-BTTO4(c)
and BNTP-BTTO4(c) in toluene (5.0 X 10 > molsL ). (c) Normalized fluorescence spectra of Ph-BTTO4(c) and BNTP-BTTO4(c) in various solvents. (d)

Mataga-Lippert plot for Ph-BTTO4(c) and BNTP-BTTO4(c)
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9

]

@ o8 ®) 1o
—e— Ph-BTTO4 365 nm/Vis 0B — Ph-BTTO4 PSS
0.6 - F?IFFF?I:?IF??FI:?i? . — Ph-BTTO4 PSS after 24 h in the dark
o4ttt appapppgpp 0.6 1
AR R A AR A AV R A NN N AR UANL] 8 041
R (- I A A P T P P P A A P PR PR P PR PR R T € 0.2
S oofid TS EL NN NLL =i
3 13 — o— BNTP-BTTO4 405 nm/Vis § 1'2- —— BNTP-BTTO4 PSS
o 1.01 2 bt ;i )
8 081 :i:‘i:::::t:’::i::‘: < ] BNTP-BTTO4 PSS after 24 h in the dark
< oA 0.8
0.4 v 1
024 PN 0.4
0:0-;‘!!ll§1!!!§!!!l§1!!!§ 0.0l . . i . :
0 5 10 15 20 300 350 400 450 500 550 600
Cycles Wavelength/nm
(@
©) 1.0 —e— Ph-BTTO4(c) 365 nm irradiation 1-0"—“'4:-:-1::;:_‘_:_‘:;:\‘_.
’.;‘é Og' f?é Og.
(E 0.8 téE 0.8
< 077 = 0.71 —e— BNTP-BTTO4(c) 365 nm irradiation
<1 0.6 < 0.61 — e BNTP-BTTO4(c) 405 nm irradiation
0.5+ T T r # T 0.5+ T T r . .
0 50 100 150 200 250 0 50 100 150 200 250
Time/min Time/min

B 5 (a)FZEEW T, Ph-BTTO4 5 BNTP-BTTO4 ££ 405 nm 1] W65 A1>450 nm 7] W38 85 WS T f RIS AL R e FE A8 46,(5.0 X 10 % moleL ™),
(b) PRI, PSS IR Ph-BTTO4 5 BNTP-BTTO4 Wi 515 FRFFSECE 24 h 5 HIMEH(5.0 X 107> mol=L™"); (o) FUARIW A, 365 nm 4416
55 405 nm 7] WG FFSEIE ST T Ph-BTTO4(c)5 BNTP-BTTO4(c) 5 AW AR e 58 B 35 46,(5.0 X 10 % molsL ™)

Figure 5 (a) Absorbance switching of Ph-BTTO4 and BNTP-BTTO4 in toluene (5.0 X 10> mol/L) monitored at Ay, upon alternative irradiation with
405 nm and visible light (450 nm). (b) Absorbance spectra of Ph-BTTO4 and BNTP-BTTO4 in toluene (5.0 X 10 ° mol/L) at PSS before and after stor-
ing in the dark for 24 h. (c) Photostability of Ph-BTTO4(c) and BNTP-BTTO4(c) in toluene (5.0 X 10> mol/L) under continued 365 and 405 nm light
illumination

The intensity of 365 and 405 nm light (5 W) is approximately 48 mW/cm? via optical power meter detection, the distance between light and optical power meter is 10
cm
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Table 1 Theoretical and photophysical data for Ph-BTTO4 and BNTP-BTTO4
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Theoretical data
Eva(S1)“/eV 3.42 2.48 3.21 2.52
Enomo’/eV 6.20 5.50 5.92 5.54
Evomo?/eV 2.29 2.78 2.30 2.76
Egp/eV 3.91 2.72 3.62 2.78
Experimental data
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P 0.26 0.05
7/ns 3.22 0.19
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WGBS I AL ) turn-on 1Y R K. HF 5T 3% B,
BNTP X 43 T JF P44 F0 P 0 A 1 B 7 55 i) A JUAH
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[]. BNTP-BTTO4(0) " s # 1E7E 430 nm, AT EIR
H HOMO 5 LUMO Z[a47 [~ 3.62 eV BT
Ph-BTTO4(o)Jik/I 0.30 eV, i fdi H mr seil a] WOtk E) s
4L, BNTP-BTTO4(c) A2 &% il 5 2 4y +
Ph-BTTO4(c)JL-F-AH A, S IFH B8 BNTP HJGfE
HOMO & LUMO JL Tl F =500, WA+ 1)
BHRURERRT, PR BNTP Hookt 4> 7B sk
Wb, G S W F R HEE. BNTP-BTTO4(c)
BRH 5B 177 (D=0.05, %54 0.19 ns), A
tHT BNTP 5 BTTO4(c) 2 [A] 56°8 K I M ‘73 HAS
VER R, WM TTH i BNTP 5| NS 7RI 5%
bb o AH ELBEAR S g poie o5 PR FER e MR AR AR E k.
JEHRLETZ 200 min, 405 nm 7] WIS 5, BNTP-
BTTO4(c) WU X R I% 4%, YefetEB S s+ K
WEETE. AHIF T T A I [p1ZEFF[1,2-d] Wy Ry 4K — 75 5%
LIE T, X AT WL IRB I turn-on B
TR IFEA R R, NIRRT R S L%
PR TR K.

4 SERSY

41 HFERK
4.1.1 BrBTTO4 &4 &

7E 50 mL XSRS, A BTTO4 (0.44 g, 1.00
mmol)Fl 25 mL VUSRI IR IF 1 FEVa %, PRI\ NBS
(0.02 g, 1.15 mmol). =i FHiHE 12 h, L8 CHERAHL,
HIEANA, K NaxSOs THEJE e T. ShEfAEENT
[(EA) : V(hexane)=1 : 5]4l{L15 2R (] {4k BrBTTO4
(0.45 g, 86%). '"H NMR (CDCls, 400 MHz) J: 1.86~2.18
(m, 6H), 7.10~7.58 (m, 7H), 7.74 (s, 2H); 3C NMR
(CDCls, 100 MHz) J: 8.16, 8.42, 116.74, 121.93, 121.99,
122.52, 129.92, 130.08, 131.40, 131.71, 131.97, 133.48,
133.75, 135.78, 138.07, 138.57, 139.38, 139.82. HRMS
caled for CpHiBrOsS; [M + H] " 518.9394, found
518.9405.
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4.12 BNTP-BTTO4 #54- %,

£ 50 mL MBI, KA F a4 Br-BTTO4
(0.15 g, 0.29 mmol). KH[H1ZEFH[1,2-d|MEWy -5-F W 2
(0.08 g, 0.35 mmol)Fl 10 mL VU5 kIR VA T 1 R 15 i,
PN 5 mL KoCOs HIAIE W 55 PA(PPhs)s (0.02 g, 0.02
mmol). FKERM L 15 min J5EIE 8 h. MR E
MAHEZERE, LROEEFER, &AM, LK
Na,SO, T & J5 jie 7. £ & i #F 2 #r [M(DCM) :
V(hexane) = 1 © 3]4fi {3 | #% {4 [ {4 BNTP-BTTO4
(0.16 g, 80%). 'H NMR (CDCls, 400 MHz) §: 1.92~2.24
(m, 12H), 6.33 (t, J=16 Hz, 1H), 7.28~7.64 (m, 12H),
7.71~7.79 (m, 4H), 7.90~8.06 (m, 2H), 8.13~8.18 (m,
2H); 3C NMR (CDCl;, 100 MHz) §: 147.27, 140.50,
138.60, 132.13, 131.23, 130.02, 129.83, 127.74, 127.57,
126.16, 124.89, 123.68, 121.98, 120.52, 120.43, 109.65,
8.58, 8.27; HRMS calcd for CssHys04S4 673.0636 [M—+
H]", found 673.0637. 5> Ph-BTTO4 &S5
SCHRP2.
4.2 FIEFE

AR S 09 A58 ). Fra k7
B0 K J5 EARAM A, wiab s, aifk PR, fEH
Bruker Avance 111 HD 400 | 5 ££ i I Z RIS IR T 1 fif
Fl ACQUITY UPLC I-Class il 52 £ i 1 5 43 HE o i %
F 405 nm 3K, THE AN 5 W ) ANJOET - i f& #k47 4]
FRS2EG: fH FEES Shimadzu UV-2600 454366 RE T
DELRE i RSO G T & T TR e 6 A
FLS1000 RAEFE & 1 SRS HdE, FdokiFiEH
FrRLARIME B 450 W KT, R & Y61E (Photolumine-
scence emission, PL) L 73l 43t % T 4 FLS1000 P4
BT G 2 2 2% ORIV RS RO28P 7R H 5 448 5
(Photomultiplier tube, PMT)%r1ESCAFIHFIE; f# FAC &
A HRITA PTI A BOE#(GL-3300, A=337 nm, fik
MERE ca. 1 ns, BKPAER =1.45 m)) PTI &3 B9k
TSI A S PRIR 2 66, T PTI & BOBig
DA o R A 6, RS RIRIE A Horiba DeltaFlex
BT il B ARG A =371 nm, Bk %E ca.
50 ps, EEHNE=20.00 kHz {13 SFABOEES), I 8
H T O A B 5% e v i 2%
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