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1. General experimental information

Materials

Phenylhydrazine (98 %), 4-nitrophenylhydrazine (98 %), 4-methoxyphenylhydrazine
hydrochloride (98 %), 4-dimethylaminobenzaldehyde (99 %) and diethyl malonate (99 %)
were purchased from Sinopharm Chemical Reagent Co., Ltd. (Beijing, China). 3-Methyl-
2-butanone (98 %), 2-bromoethanol (98 %), anisic aldehyde (99 %), 4-
(Diethylamino)salicylaldehyde (98 %), lodomethane (99.5 %), lodine (98 %) and N-
iodosuccinimide (98 %) were purchased from Energy Chemical (Shanghai, China).
Sodium chloride (NaCl), sodium carbonate (Na,CO;3) and anhydrous sodium sulfate
(Na,S0O,4) were purchased from Beijing Chemical Factory (Beijing, China). Lyso Tracker
Green and CellLight™ Mitochondria-GFP were obtained from Thermo Fisher ( Eugene,
OR). 4,6-diamidino-2-phenylindole (DAPI) were obtained from Amerso (Solon, USA).
Solvents: Dimethyl sulfoxide (DMSO, HPLC) was purchased from Tianjin Guangfu Fine
Chemical Research Institute (Tianjin, China); dimethylformamide (DMF) from Beijing
Chemical Factory (Beijing, China). Unless otherwise stated, all reagents and solvents

were used without further purification.

Instruments

The UV-Vis absorption spectra were measured using a 0.1 c¢cm quartz cuvette on a
Shimadzu UV-2550 PC double-beam spectrophotometer. The fluorescent emission
spectra were measured using a 0.1 cm quartz cuvette on a Shimadzu RF-5301 PC
spectrofluorophotometer with a xenon lamp as a light source. The fluorescence quantum
yields (®f) and fluorescence lifetime (under the excitation at 400 nm) were measured on
Edinburgh FLS 920 steady state spectrometer. The LC-HRMS (ESI) analysis was
performed on an Agilent 1290-micro TOF-Q II mass spectrometer. 'H NMR and 3C
NMR spectra were recorded on a Bruker AVANCES00 (500M) and Wuhan Zhongke
Niujin As 400 (400M) at room temperature and were reported in ppm and determined
with tetramethylsilane (TMS) or respect to residual signals of the deuterated solvents as
internal standards (TMS, 0.00; CDCls, 7.26; DMSO-dg, 2.50 for 'H NMR and CDCl;,
77.0; DMSO-dg, 39.5 for 3C NMR). Melting point was determined using a SGW X-4B
microscopy melting point apparatus. Flow cytometry (cyto FLEX, Beckman COULTER).

Confocal laser scanning microscope (Carl Zeiss Microscopy LLC, Jena, Germany).
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Methods

Cytotoxicity assays. The viabilities of cells treated with 2e were measured by a well-
established 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay.
Generally, HeLa cells, A549 cells and SW480 cells were seeded in 96-well plates
harboring 2 mL of 10% FBS-containing DMEM at a density of 8000 cells per well. The
cells were incubated with drugs at concentrations from 0 to 100 pg/mL, and cells without
treatment were used as a control. After the incubation at 37 °C for 20 h, the standard
MTT assay was used to determine the cell viability. Five repeats were conducted for each

sample.

Co-localization experiments of 2e with commercial organelle-specific probes. HeLa
cells were seeded into 6-well plates at a density of 2.5x10° cells/well and cultured with a
sterilized coverslip for 12 h. Then the cells were treated with 2e at the concentration of
Iug/mL for 4 h, respectively. Afterwards, the cells were stained with CellLight™
Mitochondria-GFP and Lyso Tracker Green DND-26 according to the manufacturer’s
protocol, respectively. Then the cells were washed with PBS for three times, followed by
fixing with cold 75% ethanol at 4 °C for 20 min and then stained with DAPI solution.
Finally, the cover slips were taken from the wells and observed with confocal laser

scanning microscope (CLSM).

Visualizing extracellular fluctuations under oxidative stress and with drug
treatment. Rosup, 5-fluorouracil (5-FU) and methotrexate (MTX) were used to construct
oxidative and drug environments and then the endocytosis of 2e was detected under these
conditions. HeLa cells were seed into 6-well plates at a density of 2.5x10 cells/well, and
first, the cells were treated with Rosup, 5-FU and MTX, respectively. Then the medium
was discarded after 1 hour treatment, and the cells were washed with phosphate buffer
saline (PBS) three times. After that, 2e was incubated with cells at concentration of 1
png/mL for 4 h. The endocytosis efficiency of 2e was determined by flow cytometry and
CLSM.
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2. Synthesis of 2a-2f, I and 3

2.1 Synthesis of thermo-oxidation products oxazolidines (2a-2f)

R A
) DMSO A
N+ 120 °C R N/
Br \\\ AN

L Br
1a-OF - 1f-OF 2a - 2f
General synthesis method 1 of 2a-2f. Starting materials 1a-OF-1f-OF were prepared as
reported.S! 1a-OF-1f-OF (100 mg) was stirred in dimethyl sulphoxide (2 mL) at 120 °C
for 2 ~ 11 h (for 1f-OF, 10 mg I, was added to prevent ring-closing of it). The reaction
mixture was added with saturated solution of NaCl (20 mL). Dichloromethane (CH,Cl,)
was added to extract product for 2 times and the CH,Cl, layer was washed with saturated
solution of NaCl for 1 time. Then the solvent was dried with anhydrous sodium sulfate
and removed under reduced pressure. The crude mixture was precipitated as black solid.
Purification of the crude mixture by chromatography (CH,Cl,/ MeOH =50/11t020/1)

afforded the product 2a-2f. The products for characterizations below were obtained by

R
~UAr CH;l / DMSO A
————» R +N/ !
N O 120 °C
J/ -
1a - 1f 2a - 2f

method 1.

General synthesis method 2 of 2a-2f. Starting materials 1a-1f were prepared as
reported.5! A mixture of 1s (0.37 mmol) and iodomethane (8 mmol) was stirred in
dimethyl sulphoxide (2 mL) at 120 °C for 11 h. The reaction mixture was precipitated by
addition of saturated solution of NaCl (20 mL) and filtered as brown powder. Purification
of the crude reaction mixture by chromatography (CH,Cl, / MeOH =50/ 1 to 20 / 1)
afforded the product 2a-2f.
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; Yield: 31 %. m.p. 239.5 — 240.5 °C; 'H NMR (500 MHz,
O NN O "\ DMSO-d): 5 8.03 (d, /= 9.2 Hz, 2H), 7.69 (d, J = 7.4 Hz, 1H),
758 (d, J=7.4 Hz, 1H), 7.51 (t, J = 7.4 Hz, 1H), 7.41 (t, J = 7.4
Hz, 1H), 6.85 (d, J = 9.2 Hz, 2H), 6.59 (s, 1H), 5.02 (s, 2H), 4.65
(s, 2H), 3.12 (s, 6H), 1.62 (s, 6H); 3C NMR (126 MHz, DMSO-d): 5 176.9, 176.5,
154.1, 142.3, 139.9, 131.1, 128.5, 126.4, 123.1, 117.9, 112.2, 111.5, 85.8, 70.2, 51.2,
49.0, 24.7; LC-HRMS (ESI): m/z calculated for [M + H]* 333.1961, found 333.1967.

O,N ; Yield: 28 %. m.p. 246.9 — 247.9 °C; 'H NMR (400 MHz,
N\ DMSO-dg): 6 8.62 (s, 1H), 8.43 (d, J = 8.7 Hz, 1H), 8.08 (d,
B O J=28.7 Hz, 2H), 7.73 (d, J = 8.7 Hz, 1H), 6.89 (d, J = 8.7
Hz, 2H), 6.68 (s, 1H), 5.07 (s, 2H), 4.66 (s, 2H), 3.16 (s,
6H), 1.68 (s, 6H); 13C NMR (100 MHz, DMSO-dg): 6 178.3, 178.0, 154.9, 147.4, 145.2,
140.9, 132.1, 125.3, 118.9, 117.4, 112.4, 111.8, 86.9, 70.6, 50.9, 49.3, 39.77, 24.8; LC-
HRMS (ESI): m/z calculated for [M + H]* 378.1812, found
O N 37881S.
Br \_O
2c Yield: 30 %. m.p. 229.8 — 230.7 °C; 'H NMR (500 MHz,
DMSO-dg): 6 8.15 (d, /= 8.9 Hz, 2H), 7.74 (d, J = 8.0 Hz, 1H), 7.69 (d, J = 8.0 Hz, 1H),
7.56 (t,J =1.5 Hz, 1H), 7.48 (t, J= 7.5 Hz, 1H), 7.17 (d, J = 8.9 Hz, 2H), 6.78 (s, 1H),
5.10 (s, 2H), 4.77 (s, 2H), 3.90 (s, 3H), 1.65 (s, 6H); 13*C NMR (100 MHz, DMSO-dy): 4
178.9, 176.0, 164.0, 142.1, 140.4, 131.1, 128.6, 127.3, 124.7, 123.2, 114.6, 113.1, 88.0,
70.7, 55.9, 51.9, 49.5, 24.0. LC-HRMS (ESI): m/z calculated for [M + H]" 320.1645,
found 320.1644.

H,CO , Yield: 30 %. m.p. 225.1 — 226.0 °C; 'H NMR (400 MHz,
N
O NN O N DMSO-dq): 8 7.99 (d, J = 9.1 Hz, 2H), 7.51 (d, J = 8.7 Hz,
- o]
57 1H), 7.35 (d, J = 2.3 Hz, 1H), 7.06 (dd, J = 8.7, 2.3 Hz,
1H), 6.84 (d, J = 9.1 Hz, 2H), 6.53 (s, 1H), 4.98 (s, 2H),

4.63 (s, 2H), 3.83 (s, 3H), 3.11 (s, 6H), 1.61 (s, 6H); 3C NMR (126 MHz, DMSO-dq): &
175.9, 175.4, 158.8, 153.9, 141.9, 135.8, 130.8, 118.1, 113.5, 113.3, 111.5, 109.5, 85.7,

2b

2d
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70.0, 55.9, 51.3, 49.3, 24.6. LC-HRMS (ESI): m/z calculated for [M + H]* 363.2067,
found 363.2073.

N Yield: 29 %. mp. 2143 — 2152 °C; 'H NMR (400 MHz,
Nﬁ DMSO-dg): 5 8.70 (s, 1H), 7.75 (d, J = 7.2 Hz, 1H), 7.72 (4,
Br_N’L\/ [ J=9.1 Hz, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.56 (t, J = 7.4 Hz,

2 1H), 7.47 (t, J = 7.4 Hz, 1H), 7.38 (s, 1H), 6.92 (d, J = 9.1
Hz, 1H), 6.69 (s, 1H), 5.03 (s, 2H), 4.73 (s, 2H), 3.56 (q, J = 7.0 Hz, 4H), 1.57 (s, 6H),
1.17 (t, J = 7.0 Hz, 6H); 13C NMR (100 MHz, DMSO-dy): 8 177.9, 171.3, 158.7, 158.0,
154.1, 1473, 142.4, 140.0, 132.8, 128.7, 127.2, 1233, 113.0, 111.2, 108.7, 108.0, 96.0,

90.5, 70.1, 51.3, 49.7, 44.8, 24.7, 12.4. LC-HRMS (ESI): m/z calculated for [M + H]"
429.2173, found 429.2174.

™~ Yield: 16 %. m.p. 174.5 — 175.2 °C; '"H NMR (400 MHz,
0.0 N

O Y DMSO-d): 8 8.74 (s, 1H), 8.71 (d, J = 2.3 Hz, 1H), 8.45

O;N Y =
B_NQ_/O (dd, J= 8.8, 2.3 Hz, 1H), 7.84 (d, J = 8.8 Hz, 1H), 7.75 (d,
2f J=9.5 Hz, 1H), 7.43 (s, 1H), 6.95 (dd, J = 9.1, 2.1 Hz,
1H), 6.71 (d, J= 2.1 Hz, 1H), 5.07 (s, 2H), 4.74 (s, 2H), 3.59 (q, J = 6.9 Hz, 4H), 1.64 (s,
6H), 1.18 (t, J = 6.9 Hz, 6H); 3C NMR (100 MHz, DMSO-dq): 5 179.8, 173.8, 158.6,
158.3, 154.7, 148.0, 147.2, 145.8, 140.9, 133.3, 125.4, 119.2, 113.4, 111.6, 109.2, 107.5,

96.2, 91.1, 70.6, 51.2, 49.9, 44,9, 24.7, 12.5. LC-HRMS (ESI): m/z calculated for [M +
H]"474.2023, found 474.2015.
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2.2 Synthesis of 1

N~_
O Acetone ICHa O I-
Y
56 °C

1b I

A mixture of 1b (380 mg, 1 mmol) and iodomethane (1.2 mL, 19.2 mmol) was stirred in
acetone (6 mL) at 56 °C for 11 h. Light yellow solid was produced and precipitated as
reaction proceeded. After removal of the solvent, the crude product was washed with
acetone for 5 times to afford the product as a light yellow solid I (470 mg, Yield: 90.2
%). m.p. 138.6 — 139.5 °C; 'H NMR (500 MHz, DMSO-dg): 6 8.13 (dd, J = 8.7, 2.1 Hz,
1H), 8.06 (d, J= 2.1 Hz, 2H), 7.93 (d, J = 8.9 Hz, 2H), 7.84 (d, J = 8.9 Hz, 2H), 7.12 (d,
J=18.7 Hz, 1H), 6.90 (d, J = 16.1 Hz, 1H), 6.56 (d, J = 16.1 Hz, 1H), 3.45 — 3.89 (m,
4H), 3.60 (s, 9H), 1.46 (s, 3H), 1.15 (s, 3H); *C NMR (126 MHz, DMSO-dy): & 157.1,
146.5, 141.9, 140.4, 137.5, 130.1, 128.2, 127.6, 125.1, 120.7, 118.5, 111.9, 109.2, 63.3,
56.4, 48.9, 46.9, 30.7, 27.5, 20.1; LC-HRMS (ESI): m/z calculated for [M + H]"
394.2125, found 394.2125.
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2.3 Synthesis of 3

T

O X DMF / CHyl O __ p

e Ly O
\

] \
NL/O 120 °C W
1b 3

O,N

A mixture of 1b (400 mg, 1.05 mmol) and iodomethane (0.62 mL, 10 mmol) was stirred
in dimethylformamide (2 mL) at 110 °C for 36 h. Then the solvent was removed under
reduced pressure and the crude mixture was precipitated as black solid. Purification of the
crude mixture by chromatography (Petroleum ether / EtOAc = 6 / 1) afforded the product
as a yellow solid 3 (20 mg, Yield: 5.4 %). m.p. 221.9 — 222.8 °C; 'H NMR (500 MHz,
DMSO-dg): 6 11.87 (s, 1H), 8.18 (dd, J = 8.6, 2.1 Hz, 1H), 8.10 (d, J = 2.1 Hz, 1H), 7.92
(d, J=8.9 Hz, 2H), 6.93 (d, J = 8.6 Hz, 1H), 6.73 (d, J = 8.9 Hz, 2H), 6.18 (s, 1H), 3.07
(s, 6H), 1.51 (s, 6H); 13C NMR (126 MHz, DMSO-d¢): & 189.2, 170.6, 148.7, 142.7,
138.7, 129.7, 126.0, 118.6, 111.3, 109.0, 90.2, 46.9, 40.4, 28.0; LC-HRMS (ESI): m/z
calculated for [M + H]" 352.1656, found 352.1659.
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3. '"H NMR spectra monitoring heating 1a-1f in DMSO-d;

a) R A
W r 02;[;n<nso - N Ar
N 120 °C N9
X
1a - 1f 2a - 2f
1a:R=-H } . — Ar=—@—0\
1b: R =-NO Ar= —< >—N 1 R=-H
1d:R=-OM2e A 1?:R=-Noz} Ar=m J
o N
iz
b) 1
) i LL“I Il ]
Heat 3h | “ I i L
1b
il O ] :
Heat 3h | l
ea 11 u N l .t
& o i) .
Heat 3h l 'h| u M i
1d
L ) L
Heat 3h I i I

le | A
Heat 3h [ il AJ

if_h_l_l_lm M.,Lk L |
Heat 3h| C Ll “‘JJ

85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 10 05 00
1 (ppm)

Figure S1. (a) Reaction of 1a-1f in DMSO-ds. (b) 'H NMR spectra of 1a-1f in DMSO-d,
(5mg/ 0.5 mL) before and after heating for 3 h at 120 °C.
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4, Structural characterizations of intermediate product I of 1b
reacting with CH;I

Intermediate product of 1b and CHj;l
reacting in DMF at 10 minute ‘

[
5 ¢ AROSSR NRRC. N RPORPRRIY, | \\.,ﬁ_ .JL&&/\J\ o R
G

= a
l b

176 de

2 3 4 5 :
il I il Iy ===l l

4 82 80 78 76 74 72 70 68 66 640 38 36 34 14 12 08 O
1 (ppm)

Figure S2. 'H NMR spectra comparison between I (blue line) and intermediate products

of 1b and CHj;l reacting in DMF at 10 minutes (red line).
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5. '"H NMR spectra monitoring heating I in DMSO-d;

l/ g d h |
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o 2b

b) LU T on
N N Y 5

% a i i 2h T
= J'} uu lJ. .lhh m 3h
XN | A 4 o

| TV T e W | i 10h
1 e : £ -] " o 15h
| Y b AN Al 0K
4‘LA__ALL)L ._JLJ ’ A 32h
AL _JLJL__M M 1b
e il ) A
L x I I U A 2b
CH,l
9.0 85 80 75 70, opm ®° 60 55 50 45
c) e
J! f | ). Qh 1
L iNf JL _ L ih
X E L J.\ 2h T
L. . ﬂll 2:"‘ | Jﬁ 3h
i ' Lk ah
u-l x | l_h.u_h 6h
k.JLg.HL_ﬁﬁ %.LJHM 8h
I l I 1 J, I 10h
e e It o | | i E i ] ” 15h
_U_A__JUJLJ ML A i 20h
_AmA_Mt_J . 32h
‘L A o, L B ib
. ; J l
Ll A J . 2b
1 CH,l
319 I I 3?4 I ' 2.9 ‘ I 2.4 ' I 19 s ‘ 1.4 o I 0.9 .l I 04 ‘

1 (ppm)

Figure S3. (a) Probable reaction process of I in DMSO-dg at 120 °C. (b) 'H NMR spectra
variation of I in DMSO-dg (S5mg / 0.5 mL) in (b) low and (c) high magnetic fields at 120

°C with reaction time.
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6. Photographs of heating CH;I in DMSO

0 min 10 min 20 min 120 min

Figure S4. Photographs of CH;I heated in DMSO over time in the dark at 120 °C.

The DMSO solution of CH3l gradually changed from colorless to brown with heating

time, which indicated the generation of I, from thermolysis of CHsl.
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7. HRMS and 'H NMR spectra monitoring reaction of 1g and CH;I in

DMF at 120 °C

.—‘il . __ CHJ ‘ ;—/ . ‘:Jg_/_. &\/‘
N —
NP TDWF, 120 g O Ny 0
29

1| Me

1g -OF

b)[ romatogram - 1-106-ch3-120du-40min PL-D-7.01 11006.: (multple selecbor B
s 1g/1g-OF 1g and CH;l in DMF at 120 °C for 40 min
2 1y
\_29 1g-Me .
B —u = = T

0 Time [min)

Compound Spectra - 1-100-ch3i-120du-20min_P1-D-7 01 11006.9

)

\‘:n:; +MS, .40 #61] ~
K O O CGEE 306.1850
>
o
e HRMS of 1g-Me |
O | 308.1932 -
0 £ £ £ 0 Nz o 7

Figure S5. (a) Probable reaction process of 1g and CH;I in DMF at 120 °C. (b) HRMS
spectra of 1g and CH;I in DMF at 120 °C for 40 min (above) and HRMS spectra of 1g-
Me (below).

1gand CH;l

JM o M

1g-OF

R B ) .
W

Heat3h
8.4 8.0 76 7.2 68 6.4 6.0 56 5.2 48 4.4 40 36
1 (ppm)

Figure S6. (a) Probable reaction process of 1g and CH;I in DMSO-d; at 120 °C. (b) 'H
NMR spectra comparison of 1g (purple), 1g after heating 3 h (blue), 1g and CH;l after
heating 3 h (green), 1g-OF (yellow) and 1g-OF after heating 3 h (dark red) (5 mg / 0.5
mL in DMSO-d).
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8. '"H NMR spectra monitoring heating 1b-OF in DMSO-d;

b b
a) / N b
oN ~
(L5 O 4 s LU, om e
B - \d
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33 31 29 27 25 2_'3ﬂ'( EY T4 17 15 13 14

Figure S7. (a) Probable reaction process of 1b-OF in DMSO-dg at 120 °C. (b) 'H NMR
spectra variation of 1b-OF in DMSO-ds (5 mg / 0.5 mL) in (b) low and (c) high magnetic

fields at 120 °C with reaction time.
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Figure S8. (a) HRMS spectrum of 1b-Br and (b) 'H NMR spectrum of 1b-OF in

DMSO-dg (5 mg / 0.5 mL) after reacting 3h at 120 °C and the speculated structure of 1b-
Br.
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9. Comparison of 1b-OF reaction in DMSO under aerobic and
anaerobic conditions

1.0 Aerobic condition
1 2b Anaerobic condition
™~
s 0.81
<
ko] 06‘
Q
N
© 0.4
g )
o £
3 0.2 _
0.0+

200 300 400 500 600 700 800
Wavelength (nm)

Figure S9. The UV-Vis spectra of the diluted reaction solution of 1b-OF after heating

for 4 hours in DMSO under aerobic (blcak line) and anaerobic (red line) conditions.

1b-OF could be oxidized to 2b both under aerobic and anaerobic condition, but it
exhibits a slower reaction rate under anaerobic condition within the same reaction time of

4 h. It proved that except O,, DMSO also works as oxidant in this reaction.
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10. Reaction of 1a-OF with H,O, in DMF
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Figure S10. (a) Reaction process of 1a-OF and H,O, in DMF solution at 100 °C. (b)
HRMS spectra for reaction solutions of 1a-OF (1.0 eq) and H,O, (2.4 eq) in DMF
solution at 100 °C for 5 h.
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11. Reaction of 1b-OF in DMSO/DMF solutions with addition of radical
inhibitor BHT

2b —1b-OF 3.0{—1b-OF %4
— 1b-OF with BHT —— 1b-OF with BHT

JZ1l::l-0F

Abs.
Abs.

DMSO, 3h DMF, 10h

300 400 500 600 700 800 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)

Figure S11. UV-Vis spectra for the diluted reaction solutions of 1b-OF with (blue line)
and without (black line) addition of butylated hydroxytoluene (BHT) in (a) DMSO and (b)

DMF solutions, respectively.
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12. HRMS spectra for reaction solutions of 1b with NIS, NBS and NCS
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Figure S12. (a) Reaction process of 1b (1.0 eq) with N-iodosuccinimide (NIS), N-
bromosuccinimide (NBS), and N-chlorosuccinimide (NCS) (1.2 eq) in DMF solution. (b)
— (d) HRMS spectra for reaction solutions of 1b with NBS at 100 °C for 6 h, NCS at 100
°C for 6 h and NIS at 80 °C for 80 min, respectively.
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13. Crystal data and structure refinement for 2a, 2b, 2¢ and 3

Single crystals of 2a, 2b, 2¢ and 3 were all obtained by vapor diffusion of n-hexane into
their acetonitrile solutions of 2a, 2b and 2c¢. Single crystal of 3 was obtained by slow

evaporation in mixed solution of n-hexane and EtOAc.

2¢c 3

Figure S13. Single-crystal X-ray structures of 2a, 2b, 2¢ and 3 (50 % probability

ellipsoids). The anion in 2a, 2b and 2¢ is I.
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Table S1. Summary of crystal data and intensity collection parameters for 2a, 2b, 2¢ and

3.
Compound 2b 2a 2c 3
Formula CpHpuIN3;O3  CyHusINL,O CyH»INO,  Cy0H, N304
Formula mass 505.34 460.34 447.29 351.40
Space group monoclinic monoclinic triclinic monoclinic
P21/n P2l/c P-1 P2l/c
al A 6.4834 (13) 20.1317(10) 9.4276(5) 10.118(2)
b/ A 23.560 (5) 7.4780(4) 10.1879(5) 9.1993(18)
c/ A 14.458(3) 13.4306(6) 11.1539(6) 20.098(4)
al ° 90 90 111.6410(10) 90
pl° 100.21(3) 94.394(2) 97.790(2) 100.49(3)
v/ °© 90 90 99.874(2) 90
V /A3 2173.4(8) 2015.96(17) 957.65(9) 1839.4(7)
Z 4 4 2 4
p/ g.cm?3 1.544 1.517 1.551 1.269
w/ mm! 1.501 1.601 1.685 0.087
F000 1016 928 448 744.0
Temp, (K) 293(2) K 273(2) K 273(2) K 293 K
No. of reflns. collected 19917 12417 6501 17394
No. of unique reflns. 4975 3542 3553 4194
Rine 0.0276 0.0437 0.0215 0.0325
Final R1 values (I > 2a(1)) 0.0320 0.0378 0.0318 0.0466
Final wR(F?) values (I > 20(1))0.0724 0.0777 0.0732 0.1199
Final R/ values (all data) 0.0405 0.0576 0.0398 0.0690
Final wR(F?) values (all data) 0.0774 0.0869 0.0789 0.1289
Goodness of fit on F? 1.124 1.023 1.015 1.057
CCDC numbers 1562292 1562290 1562291 1571735
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14.  Spectral data of 1a-OF-1f-OF and 2a-2f in DCM solutions and

PMMA films

14.1 Maximum absorption wavelength, maximum emission wavelength and molar

absorption coefficient of 1a-OF-1f-OF and 2a-2f.

Table S2. Spectral data including maximum absorption wavelength, maximum emission

wavelength and molar absorption coefficient of 1a-OF to 1f-OF and 2a to 2f (a) in DCM
solutions (3.0 X 10~ M) and (b) in PMMA films (2e is 0.6% and others are 1.0 % weight

percent).

a)

Solution A
(inDCM)  (nm)

1a-OF 559
1b-OF 593
1c-OF 445
1d-OF 561
1e-OF 622

1f-OF 666

b)

Film
(in PMMA)

1a-OF
1b-OF
1c-OF
1d-OF
le-OF

1f-OF

(nm)

SR
624
482
603
666

701

ALabs
(nm)

547
586
433
539
603

655

el

86530
137380
36760
73550
87100

104680

Aem

(nm)
601

631

609
677

700

Solution A,
(L/mol-cm) (inDEM) (nhm)

2a

2b

2c

2d

2e

2f

517

535

427

522

572

598

Film
{in PMMA)

2a

2b

2c

2d

2e

2f

Ayem

(nm)
557
578
480
565
609

642
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(L/mol-cm)

84190

90450

42420

66130

105710

82670

Ay ans

(nm}
495
517
415
493
549

568

RZ.Em
{nm)

563
589
503
575
614

640

BAop = DA, =
Mans=Aians  Maoem—Piem
42 35
-58 -47
-18 -2
-39 -38
-50 -57
-68 -59
BA. =
Mg s A ans
-52
-69
-18
-46
-54
-87

Ag=g2-el
(L/mol-cm)

-2340
-46930
5660
-7420
18610

-22010



14.2 Measurement of molar absorption coefficient of 1a-OF-1{f-OF and 2a-2f.
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Figure S14. Plots of molar absorption coefficient for (a) 1a-OF-1f-OF and (b) 2a-2f in

DCM.
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14.3 Fluorescent lifetime measurements of 1a-OF-1f-OF and 2a-2f.

Table S3. Fluorescence lifetime of 1a-OF to 1f-OF in DCM solutions (5.0 X 10> M) and
PMMA films (1.0 % weight percent). @ ¢, = 400 nm. ® A, = 375 nm.

T1(ns) T5(ns) Tavg(DS) ©
12-OF solution® 0.34 2.54 0.58 1.363
film® 0.94 2.17 1.38 1.119
1b-OF solution ® 0.61 3.25 1.36 1.653
film 0.72 2.59 1.03 1.402
1¢-OF solution ® 0.26 2.59 0.49 1.309
film 0.71 2.25 1.60 1.253
1d-OF solution ® 0.30 2.73 0.56 1.381
film® 0.70 1.84 1.10 1.253
1e-OF solution ® 1.84 - 1.84 1.643
film 2.08 14.1 2.27 1.395
1f-OF solution ® 3.67 - 3.67 1.419
film 2.29 15.73 2.56 1.182
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Table S4. Fluorescence lifetime of 2a to 2f in DCM solutions (5.0 X 10> M) and PMMA
films (1.0 % weight percent). ¥ Ao, = 400 nm. » A, = 375 nm.

T1(ns) T2(ns) Tavg(11S) L
2a solution ® 1.70 - 1.70 1.991
film 1.99 4.23 2.71 1.378
2b solution ® 1.53 - 1.53 1.577
film 1.14 2.53 1.74 1.360
2¢ solution ® 1.53 - 1.53 1.790
film® 0.97 2.22 1.62 1.147
2d solution 1.38 - 1.38 2.381
film 1.82 3.59 2.31 1.108
2e solution ® 3.27 - 3.27 1.722
film 1.93 4.06 2.29 1.234
21" solution ® 2.56 - 2.56 1.445

film ® 1.08 2.22 1.81 1.704
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15. Fluorescent photographs of solid powders of 1a-OF-1f-OF and 2a-
2f

1b-OF 1c-OF 1d-OF le-OF 1f-OF

2a 2b 2c 2d 2e 2f

QYs: 12.9% - 16.1% 1.7% 2.9% -

Figure S15. Fluorescent photographs of solid powder of 1a-OF-1f-OF (above) and 2a-
2f (below) under 365 nm handhold UV lamp, and the absolute fluorescence quantum
yields of 2a, 2¢, 2d and 2e.
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16. Solvent polarity effects on optical properties of 2a-2f
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Figure S16. Structures and photographs of 2a-2f in different solvents (1.0 x 105 M)
under visible and UV light by 365 nm handhold UV lamp.
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Figure S17. UV-Vis spectra of 2a-2f in different solvents (1.0 x 10~ M).
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Figure S18. Fluorescence emission spectra of 2a-2f in different solvents (1.0 x 10> M).
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17. Photographs, UV-Vis spectra and fluorescent spectra of 2a-2f in
PMMA with different weight percent

a) Visible 2a 2b 2¢c 2d 2e 2f
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Figure S19. Photographs of spin-coated 2a-2f PMMA films with weight percent of
0.2%, 0.6%, 1%, 1.5%, 5% and 10% respectively (a) under visible light and (b) 365 nm
handhold UV lamp.
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Figure S20. (a) - (f) UV-Vis spectra of spin-coated 2a-2f PMMA films with weight
percent of 0.2%, 0.6%, 1%, 1.5%, 5% and 10% respectively.

2b is not fully soluble when the weight percent reaches 10%, so the baseline increased.
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Figure S21. (a) - (f) Fluorescence spectra of 2a-2f in PMMA films by spinning coating
of different weight percent (0.2%, 0.6%, 1%, 1.5%, 5% and 10%).
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18. Comparison of fluorescence quantum efficiency of 2a and 2¢ with
I, Br-and PF¢

Synthesis of 2a and 2¢ with different anions (I- or PF¢’): 2a (I)/2¢ (I') were obtained
by the reaction of 1a/1¢ with CH3I in DMSO at 120 °C. 2a (PF¢)/2¢ (PF¢) were obtained
by counterion exchange with the bromide anions. The synthetic method is that we
synthesized the crude product 2a (Br") and 2¢ (Br) in DMSO, respectively and added 15
equivalents of ammonium hexafluorophosphate into the DMSO solution. After stirring 20
minutes and adding saturated saline, the crude product 2a and 2¢ with
hexafluorophosphate anion precipitated out. The product were purified by

chromatography (dichloromethane / methanol = 60/ 1).

Structures confirmation of 2a (PF¢) and 2¢ (PF¢): The '"H NMR spectra in Fig. S19
indicated that 2a (PF¢) and 2¢ (PFgs) may be obtained, but the anions can’t be
determined. Moreover, compared to 2a (Br) and 2¢ (Br), the significantly reduced
mobile phase polarity when doing chromatography, as well as 1~4 nm red shift of
absorption spectra confirmed that we indeed obtained product 2a and 2¢ with PF¢ and I-
(Fig. S20).
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Figure S22. "H NMR spectra of 2a and 2¢ with hexafluorophosphate anion.
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Figure S23. Normalized UV-Vis spectra of 2a and 2¢ with I, Br and PFs in
dichloromethane, respectively.

2a(l) 2a(Br) 2a(PFy) 2c(I) 2c(Br) 2c(PFy)
QYs: 32.3% 38.5% 38.7% 0.6% 0.8% 0.7%
QYs: 0.9% 12.9% 8.6% 0.6% 16.1% 17.9%

Figure S24. Comparison of photos and absolute fluorescence quantum yields of 2a and
2¢ with I, Br and PF4 in dichloromethane and in solid states, respectively.
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19. Theoretical calculations of energy levels of frontier molecular
orbitals for ground states of 2a-2f

All the Density functional theory (DFT) calculations were carried out using the
GAUSSIAN 09 series of programs.S?> DFT and B3LYP with a standard 6-31g (d) basis set
were used for geometry optimizations of ground states of 2a-2f. And the vibrational
spectrum of each molecule was calculated at the same level of theory to ensure that all of

the structures correspond to the true minima of the potential energy surface.

2a 2b 2c 2d 2e 2f
LUMO (eV) -5.30 -5.68 -5.62 -5.16 -5.42 -5.74
HOMO (eV) -8.17 -8.48 -8.83 -7.95 -8.03 -8.29
Band gap (eV) 2.87 2.80 3.21 2.79 2.61 2.55

Table S5. Calculated energy levels of frontier molecular orbitals for ground states of 2a-2f.
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20. Photostability and thermal stability of 2a-2f

20.1 Measuring the photostability of 2a-2f in dichloromethane.
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Figure S25. Measuring the photostability of 2a-2f. (a) ~ (g) UV-Vis absorption spectra
of 2a-2f and the Rhodamine B (a commercial dye) in dichloromethane (2.0 X 10~ M)
with different UV irradiation time by 365 nm hand hold UV lamp (power: 12 W, distance:
5 cm). (h) Remaining percentage of the dyes 2a-2f and Rhodamine B after
photodegradation.
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20.2 Measuring the thermal stability for solids of 2a-2f.
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Figure S26. Measuring thermal stability of 2a-2f’s solids. (a) ~ (f) Thermo gravimetric

analysis (TGA) of 2a-2f.

For thermal stability, the starting decomposition temperatures for 2a, 2b, 2¢, 2d, 2e and
2f were 206 °C, 162 °C, 206 °C, 206 °C, 186 °C and 157 °C, respectively. It indicates
that these heterocycles have moderate thermal stability to resist high temperature. The
results suggest that in these molecules, the coumarin group of the molecule has a weak
thermal stability than the phenyl groups of the molecules (i.e., 2e and 2f vs. 2a, 2b and

2d), and the nitro group on the indole subunit will relatively decrease the thermal stability

of molecules (i.e., 2b vs. 2a, 2f vs. 2e).
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21. HRMS spectra of 2b-OH and UV-Vis spectra measurement for
switch property of 2b
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Figure S27. HRMS spectrum of 2b-OH from the reaction of 2b (4.0 x 10* M in DMSO) and

aqueous solution of Na,COs.
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Figure S28. UV-Vis spectra of 2b in DMSO (4.0 x 10 M) after repeated addition of

aqueous solution of Na,CO; and HCI.
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22,

Measurement of the pKa’ of 2a-2f

The pKa’(s) of these heterocycles were tested by measuring the UV-Vis spectra of these

heteroclcles in buffers containing 1% DMSO with pH between 6 and 13. Although 2a-2f

are responsive to OH-, they are not really weak acid and with no dissociation

equilibrium. Considering that they could react with OH- and are Lewis acid, therefore we

use pKa’(s) to evaluate their acidity and the ability to react with base.
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Figure S29. (a) ~ (f) UV-Vis absorption spectra of 2a-2f in buffers with pH between

6.35 and 12.96 (C = 1.0x10> M) (above) and the intensity changes at its Ay, (2a-2f)

with pH of buffers (below).
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23. HRMS spectra monitoring reaction of 2b with amines
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Figure S30. 2b in MeCN reacting with multiple nucleophilic reagents. (a) Photos and
structural illustration of 2b reacting with nucleophilic reagents. HRMS spectra of 2b

reacting with (b) methylamine, (c¢) dimethylamine, (d) diethylamine and (e) pyrrolidine.
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24. The selectivity to pH of 2b over reactive nitrogen and oxygen

species
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Figure S31. Effect of pH on the reaction of 2b with nucleophilic reagents and hydrogen
peroxide. The maximum absorption variation at 520 nm of 2b’s buffer solutions (1.0 X
103 M) of different pH values before (grey bar) and after (light yellow or light cyan bar)
adding (a) dimethylamine (1.45 x 10 M), (b) pyrrolidine (1.81 x 104 M), (c¢) sodium
methoxide (2.44 x 10* M) and (d) hydrogen peroxide (1.50 x 104 M).
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25. The cytotoxicity of 2e
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Figure S32. Effects of 2e at varied concentrations on the viability of (a) SW480, (b)
A549 and (c) HeLa cells.
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26. Effect of extracellular fluctuations under oxidative stress and with

drug treatment on endocytosis efficiency and fluorescence of 2e
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Figure S33. Measurement for effect of extracellular fluctuations of oxidative stress

(Rosup) and drug treatment (5-fluorouracil (5-FU) and methotrexate (MTX)) on
endocytosis efficiency of 2e in HeLa cells by (a) flow cytometry and (b) CLSM.
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27. 'H NMR and 3C NMR spectra
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Figure S34. "H NMR spectrum of 2a (400 MHz, DMSO-dg).
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Figure S35. 3C NMR spectrum of 2a (125 MHz, DMSO-dg).
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Figure S36. '"H NMR spectrum of 2b (400 MHz, DMSO-dg).
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Figure S37. 3C NMR spectrum of 2b (100 MHz, DMSO-d).
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Figure S39. 3C NMR spectrum of 2¢ (100 MHz, DMSO-d).
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28. The coordination of structures
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. 58258382  -0.
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56391022
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. 31496020
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. 50691719
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. 96838006
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. 06280534
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. 24785007
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. 06028032
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. 35543997
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. 13486973
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. 18327085
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. 89560634
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. 61850600
. 47347858
. 57001828
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. 40314348
. 01358123
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. 01496116
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. 05683033
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. 71918758
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. 33494448
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. 68535507
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. 44313315
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. 36580489
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.90718476
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. 12833452
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. 75544835
. 03824428
. 70404211
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. 33522597
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. 29530993
. 72058895
. 74691290
. 51051279
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. 713823314
. 83022252
. 98094940
. 47286552
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. 52769326
. 55236192
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. 40902891
. 45123213
. 21427960
. 19585607
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. 23566482
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. 22851856
. 17190476
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. 14266626
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. 60012631
. 64284536
. 16128808
. 51920341
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. 09647939
. 13046827
. 12961756
. 43286613
. 82005930
. 23679936
. 45858310
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. 50742799
. 09548580
. 59755426
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. 06042193
. 99388811
. 11311966
. 51162759
. 51397583
. 04322104
.40211905
. 16906993
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. 87495500
. 16228806
. 39475531
. 19525920
. 97432717
. 81807145
. 67576467
. 49787348
. 65100879
. 57428867
. 55147162
. 22865843
. 25033450
. 24194970
. 97373539
. 50798498
. 25377312
. 52521282
. 12787465
. 20148745
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. 48698432
. 99511698
. 02115185
. 12714873
. 20270880
. 81989741
. 71464180
. 74470555
. 85087500
. 01862208
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. 95690057
. 72580859
. 09370162
. 65749231
. 44726259
. 07646991
. 85667223
. 14328545
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. 76912254
. 98518379
. 03382947
. 62702325
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. 06418139
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.01914733
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. 11121404
. 09972223
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. 90432380
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. 24609978
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. 26381937
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. 28441692
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. 26172970
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. 96017394
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. 89343833
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. 713301627
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. 00240553
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. 55439180
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. 82029977
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. 24255965
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. 45102014
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. 21961979
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. 03778415
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. 94967967
. 06941461
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