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H g AR Btk sz e, BRI T A A g i
B ARTARE 3578 OS5 BA 0 F N PR
(IPT) &0 B 5 6 AR S5 &, 4 =05 2 S TR R 1Y
WY e 2 ] DO X 20 3 F 4 F N BE R 54 B (ET)
BLEE, 52 4] WG IR (28 6 TF AR R, I
IO %€ S A 1) g — {0465 i s T 7 1 96 1) B, B X
150 AR Y ) 87 7 T i — 253 FH VS Tl A 1) A )
HERLE

1 LIGEHy

1.1 REAFK

2-H JLWEMy: oM al, 122 so MR AL R A R
23w N-BARBRIAME I % (NBS): 20 Hrall, [ 255 141 fk
A R R IE T B8 (n-BuLi): s3#rafi, FifE e
R TR R AL NI : 3B al, B4
TR Tl & BN A5 U (=28 JE 1) #2 (PA(PPhy),):
AT, b R HORAG BRA |l R 538
afi, 5] 24 4 P Ak 27 a0 A R 20 w5 BUE A3 WA et i i
fis: 3 Hral, AR R R A5 1,13 28
P Rk RS (PACL(dppf): 43 M 4L, i A%
falfb 2= B A R A w5 T IS kg ((THF), 54 H
f¢ (DCM), —H ZE . H1 (DMSO). JE/K £ B (EtOH),
Ak (PE). SifCE 7 (CDCL): 43#ral, bifge3Hp}
H AR A PR
1.2 i 5RIE

% 1 AR D% 3% 4 : 7% [ Brucker /A F, Brucker
Avance 111 - T F AR S A LR (400 MHZ,
600 MHz), 2% F U F 3L 5 B (TMS) 1 8 N AR 97,
CDCl, AE R S AR ) a4, 037 B o 53 /e
W5 25 & o3 BE i i Y 55 [ Waters /A 7, Waters LCT
Premier XE #Y, >k H FH BEEAE i 00 A7 005K, 0037
JER . AR WA Ot S5 Varian 2],
Varian Cary 500 %, {00 B2 8 i 28 6% 58
[¥ Varian 2\ 7], Varian Cary Eclipse %, iR N %
I B0 4. 3¢ [# Ocean Optics A H), Monoscan 200
s Hg/Xe 4]: HZA Hamamatsu /3 7, LC8 Lightningcure
R A2 A dE . FEER R R BHE A R, 1300 R 51
T 2% A2 BUA: W4 A SRR RSO0 WG 12 ok
K2\ 7], Lecia STELLARISS #!; fiffp5:1%: 5% [% BioTek
IUESA FRZANF], Synergy H4 7Y,
1.3 &% HMN B & R
1.3.1 fe&4 HMN 899 F %t 5 &M & AT
K G B BT 07 Rk L0 5 BT TPT R0 A5G
FHEE G, W IR A i 22 0T O IX, S 42 m]

DT ZETF AR R . B R 2 A &
o s T 17%) L o) L G R VR 3 AT, IR R 1) 35 T LA 3
o BT A AE TS SO PR e S 1 b A R AE R M 1
ifg A Hp 21220 e oy i A i 05 Sk &0 BTE-1, IPT
7 LM B FTUR W 5% , 4K 5 AL & 9 BTE-1 Bk
1A, SR A Suzukiff§ 15 S oK 1R A B AHE , 15 504k
4% HMN, HMN By ARG UL an &l 1 fis .
1.3.2 A4N2 694 FFNBS(47.00 g, 264.00 mmol)
BT 250 mL B R W T, & NI (13.00 g,
132.00 mmol) {&F T 25 mL B5 R HH I+ i I A B, &
F KoK BEE SN 12 ho SN 45 oI, W5 S 0 T 2%
P IR R ST A PR M 9 T, R S e R AT AR
(100 mLx3), THEAHUAH . A2 0T 7025 1 AT 1
g FETE R, 45 %) 38.10 g 1Y N2 fb &9, 1 %K 54%.
'H-NMR (400 MHz, CDCl;, 293 K, 6): 2.34 (s, 3H), 6.85
(s, 1H),

133 & N3&& & HETHEALAERTEYD
500 mL = F B A, A4k & ¥ N2 (2230 g,
87.00 mmol) FlE 1~ PU S WL (200 mL), 7E-78 C
R 30 minfl TR . FHIE SRR E T I AR B
4 2.50 mol/L [ IE T JEH ¥ WY (42 mL, 104.00 mmol),
I SR 60 min, T 5 P2 T A = SR b
(10.40 g, 96.00 mmol), PrEFALIR 521 60 min, 2218 K
BEFRAS N 2 he VS HR A 20 mL 7K,
VKA RN Y 1E T BB, I3 e bk 25 DU Ak g i e,
TA W BT A E (100 mLx3), THEA WL . K2
BT 4 B9 5 FH Aol A R R TR, 45 21 10.00 g 1Y
N3 L&Y, 725K 46%., 'H-NMR (400 MHz, CDCl,,
293 K, d): 2.42 (s, 3H), 7.01 (s, 1H).

134 b Na ook fETERAARSMAY N
500 mL = FH58EH, InASLAHI N3 (7.60 g, 60.90 mmol)
FUEET PSR (200 mL), 7E—78 °C T4+ 30 min
TR . FHTE ST #8200 I AR JE 4 2.50 mol/L
B IE T R4 A W (14 mL, 36.30 mmol), /2 Ji7 60 min,
P AN FIR LM (3.20 g, 15.10 mmol), ffHFIG IR X
N 60 min, 28 1% K 5 2 ARSI Y 2 he [ 45 R
JIA 20 mLoK, VR A K20 ) IE T S48, U6l B 25 Y
SRRV ), S BEEA T A (100 mLx3), T4
FHLAH . A Z AT 53 B3 FH A k7 o R TR, 45 3
7.30 g /) N4 AW, 7230 24%. "H-NMR (400 MHz,
CDCl,, 293 K, d): 0.26 (m, 18H, overlap), 1.90 (s, 6H),
7.05 (s, 2H).

1.3.5 {44 BTE-1 8986  7F 250 mL B
IMALLEHI N4 (7.30 g, 14.00 mmol), AT 120mL —
SR bEAR ., BIIR (6.80 g, 43.00 mmol) AT 25 mL
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Fig. 1 Synthetic route of HMN

A B, I HAE R 2 Sl 2 A R N
RS 12 he SN 45 R FE K N 28 1 i AL AN
A R B W, A R B HEAT AR HL (100 mLx3),
TR HUA . A2 T o Bk F i R S e TR,
135 3.20 g 1 BTE-1 fb &9, /%K 43%. 'H-NMR
(400 MHz, CDCl,, 293 K, d): 1.88 (s, 6H), 7.01 (s, 2H).
1.3.6 &4 N6 #94 m  7E 250 mL H B8 o
AEA Y N5 (5.00 g, 53.70 mmol)., #iGURER (20.40 g,
268.40 mmol) I ¥ f# T 100 mL i B2 i 0 P, 5 R
(8.60 g, 53.70 mmol) % T 25 mL i BRIA T T, 7 VKU
ZAFF, FE 20 S 2 AR R R
W12 ho 2025 RIS A SN R % 12 T A R ST A PR

BT, I AR R R R SR VA T T RN BS TR, 4 R AR
NEYRCR R, A R DTIENT I, U T, 15 5
N6 (A=, HEAR AT —25 R o

1.3.7 W& NT 694 #£250mL BB A L
— AR EI A N6 BIUTIEY) (4.00 g, 26.66 mmol),
B HA T KOH I (8.90 g, 160.00 mmol) H, Jii1 #4
110 °C, M N 24 he NS5 E, R R IA T
HEATHOR, 2R R H R, B R UTIEAT Y, o
UE L TR MRIEA NT MY, HERAT —
IV

1.3.8 A4 N9 &9 & 7E 500 mL = LB in
AEAHI NS (10.00 g, 49.70 mmol), XUBHT s A i i
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(37.90 g, 149.20 mmol). BEFRFR (14.70 g, 149.20 mmol).

PdCL(dppf) (1.80 g, 2.50 mmol) LA K #A T 1,4- 4N
AW (200 mL), ZE R SR T, A 85 C 13 [z
NV 24 ho BN S5 S IRUERR 25 1,4- S FR L H
TR FEAT AR (100 mLx3), TG HLAH . FE)2
B 0 5 1 FH A v Bk 4 R JE 5], 7581 7.50 g 9 N9 1k
AW, FE%H 61%. 'H-NMR (400 MHz, CDCl,, 293 K,
8): 1.35 (s, 12H), 7.41 (d, J = 7.3 Hz, 1H), 7.55 (d, J =
7.9 Hz, 2H), 9.92 (s, 1H), 10.82 (s, 1H).

1.3.9 &4 IPT-1 694 m 200 mL 1 GE ) o
AALA Y NT (1.00 g, 8.10 mmol). fb4 9 N9 (5.60 g,
8.05 mmol), ¥ F L EE% ] (80 mL) 1, fin#k 95 <C
[l S 6 h, Y 2R R B 2 C BV 1, P R
Jm A 80 mL PY & ik i i W A FeCly-6H,0 (8.70 g,
32.20 mmol), JT#A 85 C, [EIF RN 2 he M ASHE, 15
B 2 U S0k g ), FH S H e iE A T AR B (100 mLx
3), THRAPUAH . 20T 53 8535 Pl A i ik A & 18 £ g
MRSV CAMEE S R SRR FRLE A 7« DAE
R T, 5 E] 190 mg 9 IPT-1 1L &9, 7= %R
7%, 'H-NMR (400 MHz, CDCl, 293 K, d): 1.37 (s, 12H),
737 (d, J = 7.8 Hz, 1H), 7.42 (t, J = 7.6 Hz, 1H), 7.52
(dd,J,=15.9 Hz, J,="7.6 Hz, 2H), 7.69 (d,J="7.7 Hz, I H),
7.92 (d, J=7.6 Hz, 1H), 7.99 (d, J = 8.3 Hz, 1H), 12.39
(s, 1H),

1.3.10 o441 NI11 694 & 7 200 mL 5 B
hn A4 % BTE-1 (1.00 g, 1.90 mmol), N10 (460 mg,
1.50 mmol), MY (AR FEBE) 40 (44 mg, 0.04 mmol) DA
T DY SRV T (100 mL) A BR A K 5 W (2 mol/L,
10 mL), ZERSAAY T RN FIRE 12 he [V 45 35 Ik
R 2= PO A, FH 4 e e AT 28 H (100 mL x
3), THRAPUAHE. HZHT 3B LR PR A — & H
BEMIES W (Z R RS & W iR
50 DAERREIFHN, 155 230 mg 9 N11 4L &9, 7%
4 19%., 'H-NMR (400 MHz, CDCl;, 293 K, d): 1.87
(s, 3H), 1.93 (s, 3H), 2.37 (s, 3H), 2.59 (m, 4H, overlap),
3.25 (m, 4H, overlap), 6.92 (d, J = 8.8 Hz, 2H), 7.05 (s,
1H), 7.09 (s, 1H), 7.42 (d, J = 8.8 Hz, 2H).,

1.3.11 B #4444 HMN &9 4 5 7E 200 mL HLIT4E
HAIIALEYI N1 (141 mg, 0.23 mmol), IPT-1 (96 mg,
0.27 mmol), P4 (=R FEBE) #2 (13 mg, 0.01 mmol) LA
e DU 4 W I 15 9 (100 mL) IR B2 #1 7K % ¥ (2 mol/L,
10 mL), ZERSMRI N RN MR 12 he RV Z5H G
IR R L U g, H S GeiE A T2 (100 mL x
3), THRAPUAHE. HEH Bk LR ClR A —
BERIR G (LR O RS A W e iR TR I R

5 DA EIFH, £33 120 mg Y HMN L &4, 7=
N 69%., 'H-NMR (400 MHz, CDCl,, 293 K, 6): 1.97
(d, J=11.0 Hz, 6H, —CHs), 2.36 (s, 3H, —CHj), 2.58 (m,
4H,overlap,—CH,),3.25(m,4H, overlap,—CH,),6.92 (d,J=
8.9 Hz, 2H, phenyl-H), 7.15 (m, 2H, overlap, phenyl-H),
728 (d, J = 1.7 Hz, 1H, phenyl-H), 7.42 (m, 4H,
overlap), 7.53 (t, J = 7.7 Hz, 1H, benzothiazole-H), 7.69
(d, J = 8.2 Hz, 1H, phenyl-H), 7.92 (d, /= 7.7 Hz, 1H,
benzothiazole-H), 8.00 (d, /= 7.9 Hz, 1H, benzothiazole-
H), 12.63 (s, IH, -OH), "“C-NMR (600 MHz, CDCl,,
293 K, 9): 1.00, 14.51, 14.65, 46.02, 46.12, 48.62, 54.92,
114.19, 115.87, 116.16, 116.78, 120.63, 121.54, 122.16,
123.79, 124.52, 125.63, 126.21, 126.51, 126.82, 129.02,
132.55, 137.36, 140.85, 142.61, 150.89, 151.84, 158.26,
168.63, HRMS [M+H]": Caled. for C;yH;ON,F(S3,
768.160 6; Found, 768.1606,

2 #HR5ITiIE

2.1 HMN B H T EEse

TS O AE R —FIOR AR 5 T, RSN
AT WG BT, BEAE 78 T 20 R P4 28 55 4 44 2 1]
4 R BUR NPT 1B B2 N AN i L A S N T )
TEXT HMN (6B vk RE M s an &l 2 i .
& 2(a) T W,, FF 3 A o-HMN 43 F 7€ 332 nm &b B A
TR K, 5155 55 3 296 TR AR I OA [H])
S, 76 1] WLEIX 456 nm Ab ELAT — 456 41 G iz i i,
X & i FFE DMSO %5, HMN 43119 50 F i
WATER S AY . HMN 43 55 K IPT 286141, H
ELAG R B TG AR M 5 35 5 il T 32 kg e 1
N Ji -, I Tk S0 I o 1 U, DR 56 B8 R
F R 1 U L, ke g s e e 2R 2 A Oy i = A
Y, i 2R A IS AT B 2 mT DL XY, RSB S
HRARE TPT 3 J 2 1 M - T 2 72 S A 1 g o ok
SRR, (R R A ML A R e e i XA 28,
HICAE R DS DX 25 281 ) g T8 X 7 g 2 A 0 23-241

TEL 4% (= (365 + 10) nm) B BBST R, FFER{A
T 332 nm F1 456 nm Ab A IS BB AS, [RTRE AT D0
X 662 nm &b H 3— 55 T 1) W WAL 04 I 28 T 1 5, 3K
T o-HMN 40 F kA NI N, Al T HAT 3
K HEEEH B P IRK c-HMN 431, %l i 2 (0
AR, MG (L= (365 £ 10) nm) & 4= M 35
JZ NI, o-HMN 431 [ I R i 7850580 41.3%(% 1),
W T 58 =05 2 LI I AT R G RSO AT 2 R] i
FETE, SO P 10 H /N T 50%), iR EDhER
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Bl 2 HMN B3I RTE 50 (= (365 + 10) nm) 1Y BRS T, WK (a) M2 (b) Y3 AR 1L, 2 6H& K R 332 nm;
(c) HMN f4 — B LW ARA BCAE 7T ILS% (4 = (441 + 10) nm) AY IR, IR B B9 A5 1k (d) HMN B89 50 B e v TR T 2241
S (A = (365 + 10) nm) FIA] W% (4 > 490 nm) 3385 BT, HMN (1928 4k

Fig.2

(a)Absorption and (b)fluorescence spectra changes of HMN in dimethyl sulfoxide solution upon irradiation with UV light (1 = (365 +

10) nm), excitation for fluorescence is set at 332 nm; (c) Absorption spectra changes of HMN in dimethyl sulfoxide solution upon

irradiation with visible light (A = (441 + 10) nm); (d) Absorbance changes of HMN in dichloromethane solution upon irradiation with
UV light (1 = (365 + 10) nm) and visible light (A > 490 nm), alternatively

7% (Photostationary State, PSS) s}, HMN 43 1 1 # 4k,
N 94.4%, BT o-HMN 4378 Al LY X 3k i 08 B
W, e BZ 0 T B 20l WO R a8 @y nl
fietE, Y H A W% (L = (441 + 10) nm) B 5 o-HMN
Iy FEF, Q& 2 () FioR, FFE AR B IR IS 7 R AT, I
FERT WG X 662 nm Kb H BE— A5 B 1 W IS, X 5%
B n] WGBS 9K 5 HMN 201 & AE a8 @ i, H
AT IR TR R 26.8%, PSS A MFE LR
H24.3%(F 1), 24K H 450 nm 1] WOEE S 4 3
N, BT R ROV AR R R SR R AR (o) B
iR & 1.47%10* L/(mol-cm) , 4 Z X 6 11 F1| H % T B,
[ 715 PA A S g B B A 3R R A . AT T IO = (546 +
10) nm) B c-HMN 43F i & AR FF 3R I B, R 3R 1
BFEN 0.5%(F 1), H HMN 25 10 62 i
PEIR G, anlEl 2 (d) Fros, ot BE TR & A8 B B IR,
T H B AT 0B 57 g, vl H T 4 9t
HAL

1 ARPROCI S HMN 8 S
Table 1 Spectroscopic data of HMN irradiated with light of
different wavelengths
Photocyclization Photocycloreversion
A /mm 2% DY % AV /am 2 /% D)%
365+ 10 94.4 41.3
546 + 10 >99 0.5

441+ 10 243 26.8

1) Irradiation wavelength; 2) Conversion rate from o-HMN to c-HMN
(Cy.¢) and from c-HMN to o-HMN (C_,); 3) Quantum yield from o-HMN
to c-HMN ( @, ) and from c-HMN to o-HMN ( @__, )

FF# 4K o-HMN 43 F- 1€ 539 nm &b & H 2% 8 2%
I, WOE WA R 332 nm. A 365 nm 2EAPE AT
I o-HMN 43 B, T P BRAAR (9 A B, 56 65 i
BHREAR, B BDGRRASE HYOERT R 17.7, X

ST IPT 26T & Sl 5 =07 5 20 AR Y
WS & A T &, TS HMIN 4314k F R AT, &
/N IPT 286 1585, Y I A: BUA SRR, 4 F
W BE RN IPT 28GR 2 35 3L A P R AA, A
MK G, FBOCFEDO T Kk R 2o,

2.2 BiRHLEH HMN BEW R &

221 mpaFMEE @A CCK-8 Kl ik, iF
ffi HMN Z3F 12400 8PE . K HeLa 4HAILL 5000 ~/1L
1Y) %5 BE 3l 22 96 FLAR , 7E 37 °C LA K 5% (IR TR
) CO, B S5 11 F 1555 24 h, R)G INAAR R B (4.
8. 12, 16, 20 pmol/L) i) HMN 4> T-9£ 5 6 h, 1Mi J5 /i
A 100 pL CCK-8 &5 (B4 10%) 4k2L4%5 5% 1 h,
T o BERR A SE 450 nm AR ARG . W 3 FTR,
HeLa 41 Mo A7 5 45 4 w0 00 40 1% 1, 200 HMIN 43 1
HAT R A ARZE, 16 T 40 s % 525

222 HMN »FE =iz mty A TAEM IR A
6 WA LS HMIN 37636 4 b i 53 A 47y, 3
U R RN I W L VA S
HMN 45 % i B AR 09 38 ) 8 07 . 7€ HeLa ZH i,

120

°
=
2 60}
e
3
Q
30 F
0
0 4 8 12 16 20
¢/(umol-L™")

€3 HMN 43 F07 & HeLa 4] 6 h i) 40 i
Fig.3 Cell viability of HeLa cells incubated with HMN
molecules for 6 h



762 B AR TR O A SR B D

514

JeH HMN 43F (20 umol/L) ¥ 5 20 min, FH T &%
fifg 14 21 {2 2% 6 R £ LysoTracker Red (100 nmol/L)
5 10 min, X 40 PE U5 #E1T AU . {405 nm
MIOE I & HMN 43 F, I KA 577 nm B9HOG T A
VS AR T (0 SOG4, IR IR 3 B GE T8N &
AR, BRES R WK 4 PR, 765 038 i Al
21 {03 18 TP AL 2 B B (2 MR S, BN B
At JE RS B I LAY B S X, i S RT
R IR HbAH G R ECH 0.84, W] HMN 43 F R v £k
Hb e AL AR . B 4 (b) FTR A B 4 (a) H ol U £
bR K I A 9 ek i 4, AR Bn T &
HMN

Lysotracker red Merged field

5 pm

&l 4
DR T A

KGN B T VA — A5 B, WA 2 1 v B aE
— I HMN 431 ) ¥ B AR R 7]

2.2.3 HMN % F /& @ e & 6948 5 #%ﬁwz/zm BT
HMN 53 X 95 it 1A R - 170 908 1o P B LA S 19 S i
N 2EVETEIAT R, K HMN 43138 F T 75 B AR 0 88
HERUZR T . HMN 315 Ry 175 A8 1] 2R 4, 38 3k 30
AT DLOEE IR 4298 6 HF 56, F 488 nm HOGRfHL
WO 25, B 561 nm BN (E LR 2 A, 52
I ON/OFF Wy GIN IR, T Jm 38 1o 5 Fi A 75 38 4 O
HEE 1) STORM FEI% . & 5(a) 0T 7 4 HeLa 40 g i1
£ 55 56 3 AR A STORM A%, &l 5(b). (c) s A

1.2 —— Lysotracker red
—— HMN
3
209
B
£
Q
2 06
8
2
3
£ 03
15}
=
s
0
0 03 0.6 0.9 12
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All-Visible-Light Activated Diarylethene Photoresponsive Probe for
Lysosomal STORM Imaging

BIAN Xinyun, LI Fanghui, ZHAO Weijun
(Institute of Fine Chemicals, School of Chemistry and Molecular Engineering, East China University of Science and
Technology, Shanghai 200237, China)

Abstract: Stochastic optical reconstruction microscopy (STORM) breaks through the diffraction limit of
conventional optical imaging, enabling visualization of biological processes with nanoscale precision. Diarylethene
derivatives have attracted particular attention due to their remarkable reversibility, excellent thermal stability, and
fatigue resistance. Photoswitchable diarylethene compounds with easy modification and tunable fluorescence eliminate
the need for additives in single-molecule localization techniques, opening new development opportunities in STORM
imaging. However, most diarylethene probes currently used for STORM imaging typically require a phototoxic
ultraviolet (UV) laser to regulate the transition between fluorescent and dark states, and they lack organelle recognition
capability. Herein, we propose a novel design strategy for STORM fluorescent probes. By conjugating an
intramolecular proton transfer (IPT) fluorophore on one side and a lysosomal targeting group on the other with
diarylethene, we successfully synthesized the molecule HMN. This probe not only regulates fluorescence blinking
between bright and dark states using harmless all-visible light but also exhibits excellent lysosome-targeting capability,
which facilitates intracellular STORM imaging of lysosomes. HMN demonstrates outstanding fatigue resistance,
sensitive fluorescence switching, and accurate lysosome recognition. Its fluorescence can be activated by a 488 nm
laser and deactivated by a 561 nm laser, without requiring any additives in the imaging medium. Using the
photoresponsive probe HMN, we achieved all-visible-light STORM imaging, which helps determine the subcellular
distribution of lysosomes and enables super-resolution imaging of individual lysosomes with a resolution of up to
99 nm.

Key words: stochastic optical reconstruction microscopy; photochromism; diarylethene; intramolecular proton

transfer; all-visible light; lysosome
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