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A Hydrogen Sulfide (H.S) Mediated Tandem Reaction of Selenenyl-Sulfides and its

Application in Fluorescent Probe Development
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Materials and Instruments: 'H NMR spectra and '3C NMR were recorded at 600 MHz (Varian,
VX 600) and are reported in parts per million (ppm) on the 3 scale relative to residual CDCl3 (6
7.25), DMSO-ds (8 2.50), CHCIls (8 77.0), and DMSO (6 39.5) respectively. NMR experiments
were performed at room temperature. All reported melting points for solid materials were
measured by Fisher-Johns melting point apparatus and not corrected. Absorption spectra were
recorded on a Thermo 300 UV/VIS spectrophotometer using 1 cm quartz cells. Fluorescence

excitation and emission spectra were measured on Cary Eclipse fluorescence spectrophotometer.

Solvents and Reagents: Reagents and solvents employed were of the highest grade available.
Reagent grade solvents were used for either chromatography or extraction without further
purification before use. Thiols (RSH), were purchased from Sigma-Aldrich and used as received.

cyclic seleninate ester was synthesized using reported procedures.'

Chromatography: The progress of the reactions was monitored by analytical thin layer
chromatography (VWR, TLC 60 F2s4 plates). Plates were visualized first with UV (254 nm). Flash
column chromatography was performed using silica gel (230-400 mesh). The solvent compositions

for all separations are on a volume/volume (v/v) basis.
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To a mixture of phenol (30 mg, 0.32 mmol), 2-((pyridine-2-ylthio)selanyl)benzoic acid (68 mg,
0.22 mmol), EDC (60 mg, 0.32 mmol) and a catalytic amount of DMAP was added CH2Cl2 (10
mL) at room temperature. The mixture was stirred for 3 hours. Then the solvent was removed
under reduced pressure and the resulting residue was subjected to flash column chromatography
(0 to 50% ethyl acetate/hexane gradient) for purification. The compound phenyl 2-((pyridine-2-
ylthio)selenyl)benzoate 17 was obtained as a white solid in 85% yield. "H NMR (400 MHz, CDCls)
08.44 (d,J=4.9 Hz, 1H), 8.34 (d, J =7.8 Hz, 1H), 8.12 (d, ] = 8.2 Hz, 1H), 7.60 — 7.51 (m, 3H),
7.50 — 7.44 (m, 2H), 7.39 (t,J = 7.5 Hz, 1H), 7.34 — 7.29 (m, 1H), 7.24 — 7.21 (m, 1H), 7.05 (ddd,
J=72,49,13 Hz, 1H); 6.84 (d, ] = 8.0 Hz, 1H); 3C NMR (101 MHz, CDCl3) §166.3, 158.5,
155.6, 150.5, 149.5, 138.7, 137.2, 134.1, 131.9, 129.6, 127.8, 126.3, 121.7, 121.6, 120.6, 115.3.

H>S (5 equiv)
o 81%
0 Cysteine (10 equiv)
/H,S (5 equiv) S +

S? 71% S/e

S._N . ;

1 | ~ Cysteine (10 equiv), 1h 2

> then H,S (5 equiv)
68%
Scheme S1

To a solution of 2-((pyridine-2-ylthio)selenyl)benzoate (40 mg, 0.1 mmol) in THF (2 mL) was
slowly added a solution of NazS (126 mg, 0.52 mmol) in 10 mM PBS buffer (2 mL). The yellow
solution was then stirred at room temperature for 3 hours. Then the reaction mixture was extracted
with CH2Clz. The combined organic extracts were concentrated in vacuo. Purification by flash
column chromatography with 10% ethyl acetate/hexane afforded 2,1-benzothiaselenol-3-one 22
and phenol as the isolated products with good yield (81%). 'H NMR (400 MHz, CDCl3) & 7.95 (d,
J=7.7Hz, 1H), 7.71 (d, ] = 8.1 Hz, 1H), 7.64 (t, ] = 6.9 Hz, 1H), 7.43 (t, ] = 7.4 Hz, 1H); 1°C
NMR (101 MHz, CDCls) 8194.88, 143.79, 133.63, 130.51, 129.46, 127.07, 126.20.
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In another two reactions cysteine was added as indicated in Scheme S1. The same protocol was

applied and the corresponding yields were shown in Scheme S1.
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General procedure: To a solution of cyclic seleninate ester 3! (2 mmol) in methanol (20 mL) was
added RSH (6 mmol). The reaction mixture was stirred at room temperature overnight. The

reaction mixture was then concentrated and purified by flash column chromatography
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(methanol/dichloromethane 1/100).

4a

Compound 4a* was prepared by reacting 2-mercaptopyridine (667 mg, 6 mmol) with 3 (430 mg,
2 mmol) using the general synthetic procedure described above, 465 mg, 75% yield. 'H NMR (400
MHz, CDCIs) 6 8.34 (ddd, ] =4.9,1.9,0.9 Hz, 1H), 8.10 (ddd, J = 7.7, 1.6, 0.4 Hz, 1H), 7.64 (ddd,
J=8.2,73,1.8 Hz, 1H), 7.58 (dt, J = 8.1, 1.1 Hz, 2H), 7.50 (ddd, J = 8.2, 7.3, 1.5 Hz, 1H), 7.34
(ddd,J=7.7,7.2, 1.1 Hz, 1H), 7.14 (ddd, ] = 7.3, 4.9, 1.2 Hz, 1H).

COOH
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Compound 4b was prepared by reacting thiophenol (661 mg, 6 mmol) with 3 (430 mg, 2 mmol)
using the general synthetic procedure described above. 4b was isolated as white solid by flash
column chromatography (methanol/dichloromethane = 1/100). 606 mg, 98% yield, mp 177.9-
179.1 °C; 'H NMR (600 MHz, CDCl3) § 8.20 (d, J = 8.2 Hz, 1H), 8.18 (dd, ] = 7.8, 1.5 Hz, 1H),
7.59 —7.53 (m, 1H), 7.49 (d, J = 7.5 Hz, 2H), 7.34 (t, ] = 7.0 Hz, 1H), 7.27 — 7.20 (m, 2H), 7.16
(t,J=7.3 Hz, 1H); *C NMR (151 MHz, CDCl3) § 175.13, 139.23, 136.04, 134.27, 132.44, 128.98,

128.92, 127.64, 126.77, 126.16, 126.03; HRMS m/z 308.9492 [M-H]; calcd for Ci3HoO2SSe™:
308.9488.
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Compound 4¢ was prepared by reacting 4-fluorothiophenol (769 mg, 6 mmol) with 3 (430 mg, 2
mmol) using the general synthetic procedure described above. 4¢ was isolated as white solid by
flash column chromatography (methanol/dichloromethane = 1/100). 458 mg, 70% yield, mp
174.9-175.6 °C; '"H NMR (600 MHz, CDCl3) § 8.23 (d, J = 7.7 Hz, 1H), 8.17 (dd, J = 7.8, 1.5 Hz,
1H), 7.62 — 7.54 (m, 1H), 7.47 (dd, J = 8.8, 5.1 Hz, 2H), 7.39 — 7.31 (m, 1H), 6.93 (t, ] = 8.7 Hz,
2H); 3C NMR (151 MHz, CDCl3) & 171.32, 139.03, 134.28, 132.53, 131.40, 131.35, 127.43,
126.25, 126.01, 116.15, 116.00; mass spectrum HRMS m/z 326.9406 [M-H]; calcd for
Ci13HsFO2SSe™: 326.9394.
COOH
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Compound 4d' was prepared by reacting benzyl mercaptan (745 mg, 6 mmol) with 3 (430 mg, 2
mmol) using the general synthetic procedure described above, 452 mg, 70% yield. 'H NMR (600
MHz, CDCl3) 6 8.13 (t, J = 8.9 Hz, 2H), 7.48 (t, J = 7.7 Hz, 1H), 7.29 (t, J = 7.5 Hz, 3H), 7.27-
7.25 (m, 2H), 7.25 — 7.18 (m, 1H), 4.02 (s, 2H); 3*C NMR (151 MHz, CDCl3) § 171.30, 138.86,
138.00, 133.75, 132.36, 128.94, 128.50, 127.40, 127.38, 126.04, 125.72; mass spectrum HRMS
m/z 322.9634 [M-H]J; caled for Ci1aH1102SSe™: 322.9650.
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Compound 4e was prepared by reacting 4-fluorothiophenol (829 mg, 6 mmol) with 3 (430 mg, 2
mmol) using the general synthetic procedure described above. 4e was isolated as white solid by
flash column chromatography (methanol/dichloromethane = 1/100). 405 mg, 60% yield, mp
149.3-150.5 °C; '"H NMR (600 MHz, CDCl3) § 8.14 (d, J = 7.7 Hz, 1H), 8.09 (d, J = 8.5 Hz, 1H),

7.45 (t, J = 7.7 Hz, 1H), 7.33 (d, J = 6.9 Hz, 2H), 7.28 — 7.23 (m, 3H), 7.19 (t, ] = 7.0 Hz, 1H),
4.08 (q,J = 7.0 Hz, 1H), 1.73 (d, ] = 6.9 Hz, 3H); 13C NMR (151 MHz, CDCl3) § 172.16, 142.68,
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139.27,133.67, 132.38, 128.47, 127.75, 127.51, 127.22, 126.18, 125.68, 49.09, 22.12; HRMS m/z
336.9807 [M-HJ; caled for CisHi1302SSe™: 336.9801.
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Compound 4f was prepared by reacting allyl mercaptan (445 mg, 6 mmol) with 3 (430 mg, 2
mmol) using the general synthetic procedure described above. 4f was isolated as white solid by
flash column chromatography (methanol/dichloromethane = 1/100). 465 mg, 85% yield, mp 94.1-
96.2 °C; 'H NMR (600 MHz, CDCls) § 8.29 (d, J = 8.7 Hz, 1H), 8.17 (d, J = 8.3 Hz, 1H), 7.60 (d,
J=7.0Hz, 1H), 7.33 (d, J = 7.7 Hz, 1H), 5.85 (d, J = 7.2 Hz, 1H), 5.12 (d, J = 17.6 Hz, 1H), 5.06
(d, J=9.9 Hz, 1H), 3.44 (d, ] = 7.2 Hz, 2H); '*C NMR (151 MHz, CDCl3) § 171.30, 138.86,

138.00, 133.75, 132.36, 128.94, 128.50, 127.38, 125.72, 42.16; HRMS m/z 272.9493 [M-H]J;
calcd for C1o0HoO2SSe™: 272.9488.

49
Compound 4g was prepared by reacting butanethiol (541 mg, 6 mmol) with 3 (430 mg, 2 mmol)
using the general synthetic procedure described above. 4g was isolated as white solid by flash
column chromatography (methanol/dichloromethane = 1/100). 433.5 mg, 75% yield, mp 82.8-83.5
°C; 'TH NMR (600 MHz, CDCls) & 8.32 (d, J = 7.8 Hz, 1H), 8.18 (d, J = 7.6 Hz, 1H), 7.60 (d, ] =
8.6 Hz, 1H), 7.33 (t, J = 7.5 Hz, 1H), 2.79 (t, ] = 7.5 Hz, 2H), 1.64 (p, ] = 7.5 Hz, 2H), 1.42 (h, J
= 7.3 Hz, 2H), 0.89 (t, ] = 7.4 Hz, 3H); >*C NMR (151 MHz, CDCl3) § 172.12, 139.37, 133.90,
132.55, 127.53, 126.25, 125.74, 37.28, 32.59, 21.72, 13.62; HRMS m/z 288.9809 [M-H]"; calcd

for C11H1302SSe™: 288.9801.
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Compound 4h was prepared by reacting cyclohexanethiol (696 mg, 6 mmol) with 3 (430 mg, 2
mmol) using the general synthetic procedure described above. 4h was isolated as white solid by

flash column chromatography (methanol/dichloromethane = 1/100). 548.6 mg, 87% yield, mp
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160.6-161.9 °C; 'H NMR (600 MHz, CDCL3) 8 8.33 (d, J = 7.3 Hz, 1H), 8.15 (d, J = 8.4 Hz, 1H),
7.62 — 7.54 (m, 1H), 7.31 (t, J = 7.5 Hz, 1H), 2.74 (t, ] = 11.0 Hz, 1H), 2.04 (d, J = 9.9 Hz, 2H),
1.75 (d, J = 12.2 Hz, 2H), 1.56 (d, J = 9.8 Hz, 1H), 1.39 (q, J = 12.0 Hz, 2H), 1.25 (p, J = 12.9,
12.3 Hz, 3H); '3C NMR (151 MHz, CDCl3) § 172.12, 139.37, 133.90, 132.55, 127.53, 126.25,
125.74, 37.28, 32.59, 21.72, 13.62; HRMS m/z 314.9960 [M-HJ; caled for Ci3His02SSe:
314.9958.

Compound 4i was prepared by reacting tert-butyl thiol (541 mg, 6 mmol) with 3 (430 mg, 2 mmol)
using the general synthetic procedure described above. 4i was isolated as white solid by flash
column chromatography (methanol/dichloromethane = 1/100). 492 mg, 85% yield, mp 184.7-
185.3 °C; '"H NMR (400 MHz, CDCl3) & 8.38 (dd, J = 8.2, 1.1 Hz, 1H), 8.17 (dd, J = 7.8, 1.5 Hz,
1H), 7.61 —7.52 (m, 1H), 7.35 - 7.28 (m, 1H), 1.38 (s, 9H); '*C NMR (101 MHz, CDCl3) § 171.93,
140.06, 133.57, 132.38, 128.19, 126.29, 125.71,47.15, 30.86; HRMS m/z 288.9805 [M-H]; calcd

for C11H1302SSe™: 288.9801.
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General procedure: To a mixture of fluorescein (1 mmol), compound 4 (2 mmol), EDC (2 mmol)
and DMAP (0.1 mmol) was added CH2Cl2 (150 mL) at room temperature. The mixture was stirred
overnight. The organic layer was washed with brine. After dried by anhydrous Na>SOs4, the solvent

was removed under reduced pressure and the resulting residue was subjected to flash column

chromatography for purification.
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SeSP1 was prepared by reacting fluorescein (332 mg, 1 mmol), compound 4a (620.5 mg, 2 mmol)
using the general synthetic procedure described above. SeSP1 was isolated as white solid by flash
column chromatography (ethyl acetate/hexane = 20/80). 596 mg, 65% yield, mp 142.6-143.7 °C;
'H NMR (600 MHz, CDCl3) & 8.43 (d, J = 3.9 Hz, 2H), 8.32 (d, J = 7.7 Hz, 2H), 8.12 (d, J = 8.1
Hz, 2H), 8.06 (d, ] = 7.7 Hz, 1H), 7.72 (t, ] = 7.1 Hz, 1H), 7.66 (t, ] = 7.5 Hz, 1H), 7.58 — 7.48 (m,
6H), 7.39 (t, J = 7.5 Hz, 2H), 7.28 (d, J = 2.3 Hz, 2H), 7.24 (d, ] = 10.2 Hz, 1H), 7.03 (t, ] = 5.6
Hz, 2H), 7.00 (dd, J = 8.7, 2.1 Hz, 2H), 6.94 (d, J = 8.6 Hz, 2H); 1*C NMR (151 MHz, CDCl3) §
169.07, 165.71, 158.28, 152.89, 151.86, 151.61, 149.57, 139.12, 137.17, 135.39, 134.41, 132.03,
130.16, 129.21, 129.00, 128.19, 127.96, 126.37, 126.11, 125.30, 124.08, 121.75, 120.70, 117.85,
117.03, 110.59; HRMS m/z 918.9586 [M+H]"; calcd for C44H27N207S2Se2": 918.9590.
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SeSP2 was prepared by reacting fluorescein (332 mg, 1 mmol), compound 4b (618.5 mg, 2 mmol)
using the general synthetic procedure described above. SeSP2 was isolated as white solid by flash
column chromatography (ethyl acetate/hexane = 20/80). 549 mg, 60% yield, mp 114.2-115.2 °C;
'H NMR (600 MHz, CDCl3) § 8.31 (dd, J = 7.8, 1.5 Hz, 2H), 8.24 (d, J = 8.1 Hz, 2H), 8.05 (d, ] =
7.7 Hz, 1H), 7.71 (td, J = 7.5, 1.2 Hz, 1H), 7.65 (t, J = 7.2 Hz, 1H), 7.63 — 7.55 (m, 2H), 7.49 (d, J
=17.4 Hz, 4H), 7.41 — 7.36 (m, 2H), 7.26 (d, ] = 2.3 Hz, 2H), 7.25 - 7.21 (m, 5H), 7.16 (t, J =7.3
Hz, 2H), 6.98 (dd, J = 8.7, 2.3 Hz, 2H), 6.95 — 6.89 (m, 2H); '*C NMR (151 MHz, CDCl3) &

S7



169.10, 165.58, 152.95, 151.89, 151.61, 139.83, 135.92, 135.38, 134.31, 132.07, 130.14, 129.19,
128.99, 128.97, 127.84, 126.82, 126.23, 125.98, 125.29, 124.09, 117.87, 116.99, 110.60, 81.45;
HRMS m/z 916.9681 [M-+H]"; calcd for CasH2007S2Se2": 916.9685.
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SeSP3

SeSP3 was prepared by reacting fluorescein (332 mg, 1 mmol), compound 4¢ (654.5 mg, 2 mmol)
using the general synthetic procedure described above. SeSP3 was isolated as white solid by flash
column chromatography (ethyl acetate/hexane = 20/80). 666 mg, 70% yield, mp 111.6-112.7 °C;
"H NMR (600 MHz, CDCl3) & 8.32 (d, J = 7.8 Hz, 2H), 8.28 (d, ] = 8.1 Hz, 2H), 8.06 (d, ] = 7.5
Hz, 1H), 7.72 (t, ] = 7.4 Hz, 1H), 7.67 (d, ] = 7.4 Hz, 1H), 7.63 (t,J = 7.5 Hz, 2H), 7.48 (dd, J =
8.5, 5.1 Hz, 4H), 7.41 (t,J = 7.5 Hz, 2H), 7.26 (s, 2H), 7.23 (d, J = 7.6 Hz, 1H), 6.95 (q, J = 9.6,
8.5 Hz, 8H); '*C NMR (151 MHz, CDCl3) & 169.06, 165.54, 162.94, 161.31, 152.90, 151.84,
151.58, 139.62, 135.37, 134.30, 132.14, 131.46, 131.41, 130.14, 129.18, 127.62, 126.31, 125.96,
125.93, 125.30, 124.05, 117.83, 116.14, 110.57, 81.41; HRMS m/z 952.9491 [M+H]"; calcd for
Ca6H27F207S2Se2™: 952.9497.

SeSP4

SeSP4 was prepared by reacting fluorescein (332 mg, 1 mmol), compound 4d (646.5 mg, 2 mmol)
using the general synthetic procedure described above. SeSP4 was isolated as white solid by flash

column chromatography (ethyl acetate/hexane = 20/80). 641 mg, 68% yield, mp 121.2-122.1 °C;
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'"H NMR (600 MHz, CDCls) 5 8.27 (d, J = 8.3 Hz, 2H), 8.16 (d, J = 8.1 Hz, 2H), 8.06 (d, J = 7.6
Hz, 1H), 7.72 (t, ] = 7.5 Hz, 1H), 7.66 (t, J = 7.5 Hz, 1H), 7.51 (t, ] = 6.9 Hz, 2H), 7.34 (t, = 7.5
Hz, 2H), 7.30 (d, J = 7.3 Hz, 4H), 7.28 — 7.24 (m, 5H), 7.25 — 7.18 (m, 4H), 6.98 (d, J = 8.6 Hz,
2H), 6.93 (d, J = 8.6 Hz, 2H), 4.03 (s, 4H): 13C NMR (151 MHz, CDCl3) 5 169.11, 165.30, 152.98,
151.92, 151.58, 139.52, 137.94, 135.35, 133.80, 131.99, 130.10, 129.12, 128.93, 128.51, 127.63,
127.42,125.95, 125.93, 125.81, 125.26, 124.07, 117.89, 116.87, 110.60, 81.48, 42.22; HRMS m/z
944.9994 [M+H]"; calcd for CasH3307S2Se2": 944.9998.
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SeSPS was prepared by reacting fluorescein (332 mg, 1 mmol), compound 4e (675 mg, 2 mmol)
using the general synthetic procedure described above. SeSPS was isolated as white solid by flash
column chromatography (ethyl acetate/hexane = 20/80). 728 mg, 75% yield, mp 130.6-131.3 °C;
'"H NMR (600 MHz, CDCl3) § 8.25 (dd, J = 7.8, 1.5 Hz, 2H), 8.12 (d, ] = 8.1 Hz, 2H), 8.05 (d, ] =
7.6 Hz, 1H), 7.71 (t, ] = 7.4 Hz, 1H), 7.65 (t, ] = 7.5 Hz, 1H), 7.47 (t, ] = 7.3 Hz, 2H), 7.32 (t, ] =
8.7 Hz, 6H), 7.26 (m, 6H), 7.21 (d, J = 7.7 Hz, 1H), 7.18 (t,J = 7.3 Hz, 2H), 6.97 (dd, J = 8.6, 2.3
Hz, 2H), 6.92 (d, ] = 8.7 Hz, 2H), 4.08 (q, J = 6.9 Hz, 2H), 1.71 (d, J = 7.0 Hz, 6H); '*C NMR
(151 MHz, CDCI) 6 169.13, 165.26, 153.01, 151.94, 151.58, 142.60, 139.92, 135.34, 133.65,
131.92, 130.10, 129.11, 128.45, 127.96, 127.51, 127.20, 125.94, 125.73, 125.26, 124.06, 117.91,
116.85, 110.62, 81.49, 49.12, 22.08; HRMS m/z 973.0305 [M+H]"; calcd for Cs0H3707S2Se2™
973.0311.
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SeSP6 was prepared by reacting fluorescein (332 mg, 1 mmol), compound 4f (546.5 mg, 2 mmol)
using the general synthetic procedure described above. SeSP6 was isolated as white solid by flash
column chromatography (ethyl acetate/hexane = 20/80). 421 mg, 50% yield, mp 99.7-101.4 °C;
'H NMR (600 MHz, CDCI3) & 8.33 (d, J = 8.1 Hz, 2H), 8.29 (d, J = 7.9 Hz, 2H), 8.05 (d, ] = 7.7
Hz, 1H), 7.70 (t, J = 7.5 Hz, 1H), 7.64 (q, J = 8.3 Hz, 3H), 7.38 (t, ] = 7.6 Hz, 2H), 7.21 (d, ] = 7.7
Hz, 1H), 6.96 (d, J = 8.5 Hz, 2H), 6.91 (d, ] = 8.7 Hz, 2H), 5.84 (h, J = 7.9 Hz, 2H), 5.11 (d, J =
16.9 Hz, 2H), 5.05 (d, J = 9.9 Hz, 2H), 3.44 (d, ] = 7.3 Hz, 4H); *C NMR (151 MHz, CDCl3) &
169.11, 165.31, 151.91, 151.57, 139.79, 135.34, 133.88, 133.71, 132.07, 130.09, 129.12, 127.77,
126.05, 125.94, 125.88, 125.26, 124.06, 118.24,117.89, 116.87, 110.61, 81.47,40.27; HRMS m/z
844.9680 [M+H]"; calcd for C40H2007S2Se2": 844.9685.
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SeSP7 was prepared by reacting fluorescein (332 mg, 1 mmol), compound 4g (578.5 mg, 2 mmol)
using the general synthetic procedure described above. SeSP7 was isolated as white solid by flash
column chromatography (ethyl acetate/hexane = 20/80). 682 mg, 78% yield, mp 97.1-98.6 °C; 'H
NMR (600 MHz, CDCls) 6 8.35 (d, J = 8.2 Hz, 2H), 8.29 (d, ] = 7.9 Hz, 2H), 8.05 (d, J = 7.7 Hz,
1H), 7.70 (t, ] = 7.5 Hz, 1H), 7.64 (q, ] = 8.3 Hz, 3H), 7.38 (t, ] = 7.6 Hz, 2H), 7.21 (d, J = 7.7 Hz,
1H), 6.96 (d, J = 8.5 Hz, 2H), 6.91 (d, J = 8.7 Hz, 2H), 2.79 (t, J = 7.4 Hz, 4H), 1.63 (tt, J = 9.1
Hz, 4H), 1.41 (q, J = 7.4 Hz, 4H), 0.88 (t, J = 7.4 Hz, 6H); >*C NMR (151 MHz, CDCl3) § 169.12,
165.29, 153.00, 151.93, 151.57, 140.03, 135.34, 133.90, 132.12, 130.09, 129.11, 127.72, 126.04,
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125.94, 125.80, 125.25, 124.07, 117.90, 116.85, 110.61, 81.49, 37.29, 32.57,21.70, 13.61; HRMS
m/z 877.0309 [M+H]"; caled for C42H3707S2Se2™: 877.0311.
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SeSP8 was prepared by reacting fluorescein (332 mg, 1 mmol), compound 4h (631 mg, 2 mmol)
using the general synthetic procedure described above. SeSP8 was isolated as white solid by flash
column chromatography (ethyl acetate/hexane = 20/80). 779 mg, 84% yield, mp 126.3-127.5 °C;
"H NMR (600 MHz, CDCl3) & 8.39 (d, J = 8.2 Hz, 2H), 8.30 (dd, J = 7.9, 1.5 Hz, 2H), 8.06 (d, J =
7.2 Hz, 1H), 7.72 (td, J=7.5, 1.3 Hz, 1H), 7.68 — 7.59 (m, 3H), 7.41 — 7.34 (m, 2H), 7.27 (s, 1H),
7.25 (s, 1H), 7.22 (d, ] = 7.6 Hz, 1H), 6.98 (dd, J =8.7, 2.3 Hz, 2H), 6.92 (d, ] = 8.7 Hz, 2H), 2.75
(tt, J=11.0, 3.7 Hz, 2H), 2.11 — 1.98 (m, 4H), 1.82 — 1.69 (m, 4H), 1.61 — 1.55 (m, 2H), 1.47 —
1.35 (m, 4H), 1.32 - 1.18 (m, 6H); *C NMR (151 MHz, CDCl3) § 169.11, 165.26, 153.02, 151.96,
151.58, 140.70, 135.34, 133.74, 132.00, 130.09, 129.08, 128.09, 126.01, 125.94, 125.72, 125.25,
124.06, 117.92, 116.84, 110.63, 81.50, 48.76, 34.11, 26.26, 25.47; HRMS m/z 929.0618 [M+H]";
calcd for CasHa107S2Se2": 929.0624.

SeSP9
SeSP9 was prepared by reacting fluorescein (332 mg, 1 mmol), compound 4i (578.5 mg, 2 mmol)
using the general synthetic procedure described above. SeSP9 was isolated as white solid by flash
column chromatography (ethyl acetate/hexane = 20/80). 717 mg, 82% yield, mp 123.4-124.0 °C;
'H NMR (600 MHz, CDCI3) & 8.40 (d, J = 8.2 Hz, 2H), 8.27 (d, J = 7.8 Hz, 2H), 8.05 (d, ] = 7.6
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Hz, 1H), 7.70 (t, J = 7.5 Hz, 1H), 7.65 (t, J = 7.5 Hz, 1H), 7.58 (t, J = 7.6 Hz, 2H), 7.34 (t, J = 7.5
Hz, 2H), 7.26 (d, J=13.9 Hz, 1H), 7.25 (s, 1H), 7.21 (d, J = 7.6 Hz, 1H), 6.98 (dd, J = 8.8, 2.3 Hz,
2H), 6.92 (d, J = 8.6 Hz, 2H), 1.36 (s, 18H); *C NMR (151 MHz, CDCls) § 169.13, 165.24, 153.05,
151.97, 151.58, 140.69, 135.33, 133.54, 131.93, 130.08, 129.08, 128.34, 126.06, 125.93, 125.75,
125.25,124.05, 117.94, 116.83, 110.65, 81.50, 47.23, 30.82; HRMS m/z 877.0305 [M+H]"; calcd
for Cs2H3707S2Se2": 877.0311.

Preparation of the solutions and fluorescence measurements

The stock solutions of SeSP1 (1 mM), SeSP2 (1 mM) and SeSP3 (1 mM) were prepared in DMSO,
respectively. The solutions of various testing species were prepared from Cysteine (Cys),
Homocysteine (Hcy), Alanine (Ala), Arginine (Arg), Lysine (Lys), Proline (Pro), Serine (Ser),
GSH, Na>S-9H>0, Na2S203, NaxSO3, NaxSO4, in 10 mM PBS buffer. The stock solution of
cetrimonium bromide (CTAB, 10 mM) was prepared in EtOH. All the test solutions need to be
freshly prepared.

The concentration of H2O2 was determined using the absorption at 240 nm (¢ = 43.6 M lcm™).
Stock solution of HOCI was prepared by dilution of the commercial sodium hypochlorite solution
and the concentration of C1O™ was determined using the absorption at 292 nm (e = 360 Mlcm™).
Superoxide solution (O%) was prepared by adding KOz (1mg) to dry dimethyl sulfoxide (1 mL)
and stirring vigorously for 10 min. Peroxynitrite solution (ONOQO") was obtained according to the
literature methods.* Stock solution of nitroxyl (HNO) was prepared from Anglie’s salt in NaOH
(0.01M).> Nitric oxide (NO) was obtained by using sodium 1-(Pyrrolidin-1-yl)diazen-1-ium-1,2-
diolate (V-PYRRO/NO) as the donor.°®

Unless otherwise noted, all the measurements were carried out for 30 min at room temperature in
PBS buffer (50 mM, pH 7.4) with 100 uM CTAB according to the following procedure. In a test
tube, 3.0 mL of 50 mM PBS buffer (pH 7.4) and 40.0 pL of CTAB stock solution were mixed,
followed by the addition of a required volume of testing species sample solution. The final volume
of the reaction solution was adjusted to 3.96 mL with 50 mM PBS buffer (pH 7.4). And then 40
uL of SeSP stock slolution was added (10 uM). After mixing and then standing for 30 min at room
temperature, the reaction solution was transferred into a 1-cm quartz cell to measure fluorescence
with Aex = 498 nm. PMT detector voltage = 400V. In the meantime, a blank solution containing

no testing species sample was prepared and measured under the same conditions for comparison.
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Figure S2. Fluorescence intensity changes of SeSP1 (10 uM ) at different pH values in the absence
(m) or presence (@) of Naz2S (50 uM). The reactions were carried out for 30 min at room temperature
in PBS buffer (50 mM, pH 7.4) with 100 uM CTAB.

Cell culture and fluorescence imaging

HeLa cells were grown on glass-bottom culture dishes (Corning Inc.) in DMEM supplemented
with 10% (v/v) fetal bovine serum (FBS) at 37 °C under a humidified atmosphere containing 5%
CO2 and 95% air. Cells were seeded into a 24 well-plate (1 x 10° cells/well) and medium was
replaced every 2 days. Cells were used after getting 60%-80% confluent. Before use, the adherent

cells were washed one time with PBS buffer solution.

For intracellular H2S imaging, the cells were incubated with 30 uM SeSP1 in FBS-free DMEM at
37 °C for 45 min. After removal of excess probe and washed with PBS (pH 7.4), the cells were
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incubated with 50 uM or 100 pM H2S donor (NSHD-1) for 60 min in DMEM. Cell imaging was
carried out after washing the cells one time with PBS (pH 7.4).

Measurement of endogenous HzS changes

For L-cysteine experiment, cells were incubated with SeSP1 (30 uM, with 5% DMSO) in
DMEM at 37 °C for 45 min, washed twice with PBS buffer (pH 7.4), and incubated with
L-cysteine (1 mM), in DMEM at 37 °C for 1 h. Fluorescent intensity was measured by a
plate-reader (SpectraMax M5, Molecular Devices) after washing cells twice with PBS
buffer (pH 7.4).

For a CSE inhibitor 2-amino-4-pentynoic acid (PAG) experiment, cells were incubated with
PAG (1 mM) in DMEM for 1 h, washed with PBS buffer (pH 7.4), and incubated SeSP1(30
uM, with 5% DMSO) in DMEM at 37 °C for 45 min. Then washed twice with PBS buffer
(pH 7.4) and incubated with FBS free DMEM for 1 h. Fluorescent intensity was measured
by a plate-reader (SpectraMax M5, Molecular Devices) after washing cells twice with PBS
buffer (pH 7.4).

For a negative control experiment, cells were incubated with PAG (1 mM) in DMEM for 1
h, washed with PBS buffer (pH 7.4), and loaded SeSP1 (30 uM, with 5% DMSO) in DMEM
at 37 °C for 45 min. Washed cells twice with PBS buffer (pH 7.4) and incubated with L-
cysteine (1 mM), in DMEM at 37 °C for 1 h. Fluorescent intensity was measured by a plate-
reader (SpectraMax M5, Molecular Devices) after washing cells twice with PBS buffer (pH
7.4).

Cell viability assay

The cells were cultured in DMEM high glucose medium supplemented with 10% fetal
bovine serum (FBS) at 37 °C under an atmosphere of 5% CO2 and 95% air. The cells were
then inoculated in 96-well plates and cultured overnight. SeSP1 in FBS-free medium were
administered and cultured for 3 h. The cell viability was measured by cell counter kit
(CCK)-8 (Dojindo Molecular Technologies, Inc. USA). The absorbance at 450 nm was
measured with a microplate reader (Tecan US, Inc. USA). Optical density (OD) of the 9
wells in the indicated groups was used to calculate percentage of cell viability according to
the formula below:

Percentage of cell viability = OD treatment group / OD control group x 100%
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Figure S3. Cytotoxicity studies of SeSP-1 (20 uM; 40 uM; 60 pM; 80 uM; 100 uM) for HeLa cells.

References

1. Back, T. G.; Kuzma, D.; Parvez, M. Aromatic derivatives and tellurium analogues of cyclic seleninate
esters and spirodioxyselenuranes that act as glutathione peroxidase mimetics. J. Org. Chem. 2005, 70, 9230-
9236.

2. Chen, W.; Xu, S.; Day, J. J.; Wang, D.; Xian, M. A general strategy for development of near-infrared
probes for bioimaging. Angew. Chem. Int. Ed., 2017, 56, 16611-16615.

3. Peng, B.; Zhang, C.; Marutani, E.; Pacheco, A.; Chen, W.; Ichinose, F.; Xian, M. Trapping hydrogen
sulfide (H,S) with diselenides: the application in the design of fluorescent probes. Org. Lett., 2015, 17,
1541-1544.

4. Reed, J. W.; Ho, H. H.; Jolly, W. L. Chemical synthesis with a quenched flow reactor.
Hydroxytrihydroborate and peroxynitrite. J. Am. Chem. Soc. 1974, 96, 1248-1249.

5. Hughes, M. N.; Cammack, R. Synthesis, chemistry, and applications of nitroxyl ion releasers sodium
trioxodinitrate or Angeli's salt and piloty's acid. Methods in Enzymol. 1999, 301, 279-287.

6. Saavedra, J. E.; Billiar, T. R.; Williams, D. L.; Kim, Y.-M.; Watkins, S. C.; Keefer, L. K. Targeting Nitric
Oxide (NO) Delivery in Vivo. Design of a Liver-Selective NO Donor Prodrug That Blocks Tumor Necrosis
Factor-a-Induced Apoptosis and Toxicity in the Liver. J. Med. Chem.1997, 40, 1947-1954.

7. Zhao, Y.; Wang, H.; Xian, M. Cysteine-activated hydrogen sulfide (H.S) donors. J. Am. Chem. Soc.
2011, 133, 15-17.

S15



(1400

{=1300

1200
1100

{~1000

laan
Faoo
a0
Hean
lsaa
|0
300
200
a0
{0

—100

£8'97
5891
E0 £
E0 £
[
504
a0 £
a0 £
[T¥e
9z £
0E ¢
ZE ¢
£E' ¢
L6
BE £
s
5t £
LIS
8¢
05 ¢
185 ¢
254 ﬁ
£5 £

554N

[ ﬁ
95 ¢
a5
T8
E.mH.
EER
mm.ﬂ_‘
[2&

s’

Proton NMR (400 MHz CDCl3)

(EED
bl T
ap' 1
ET'T
571
0z
bize

=90t
wEOT
=0UT

1140 105 0.0 a5 20 as aa 75 70 [+ (] Tl(suj ) 50 435 40 3s 30 25 20 15 1o 05 an 435 -10
o

115

70

|65

}-55

I-45

35

25

=20

Carbon NMR {105 MHz CDCl3)

0EsTT
59021+
a1zl
6L 12T
TE 9Ty
ag 21
89' 921

£ szl
996217
567 TET
Eemiﬁ
£z cE1
8 8eT
TS T~
ES 05T~

55 85T—

2E' 99T —

JULL

!

T T
100 aa aa
1 {ppn)

T
110

T
120

S16



—7.26

Proton NMR (400 MHz CDCl)

|-&500

{5500

5000

(-3500

3000

(~2500

(~2000

1500

=a

{500

194 .88

T T T T T T T T T T T T T T T
70 635 69 55 50
11 {pgm)

—143.79
133 .63
130 51
129 46
126.20

/

=-127.07

A

(100

&0

{40

~30

{20

10

f=0

T
210

110 100
1 {ppm)

517



Proton NVIR (400 MHzZ CDClL)

g

~100

=0

L

-100

=111
61’1
M.m:
a1
521
=-a0'7

T
00T

as 9.4 as an 5 70 &5 &4 55 Sa 45 40 35 3a 25 20 15 10 0.5

10.0

15

T (g

518



SREaLLRRARRRERRRAINGS

000 0000 @ 00 P P PP P PP P
by

7.15

il

Proton NMR (600 MHz CDCl;)

X

LCCOH

\&S

ab

—175.13

17

519



B2anN GRER AR 4 2
%ﬁf?ﬁgﬁffufimﬁﬁ Proton NMR (600 HMz CDCh)  |-s0
(Q.\_ _COOH
i: | \7'"-5.&- i T, 5000
[ ‘ ac FF
. |f! { } 4500
| |
| |[| I
R 5 5 [
35
L300
25
2000
15
1000
1
1 b 500
| RN i
4 e T
g2 | o522 3
- -y - ~ 500
) Y & 75 70 &5 &b S5 sa 45 48 315 18 25 28 15 i85 95 00
M {ppm)
% SRRFRING 2
g S3niaNAs 25 Carbon NMR (MHz 151 CDC)
| IS . COOH
[“jis's\ 2y
4c lﬁ'\F [=
=
25
20
Lig
=10
5
PR S—_. s et nw Lretis l o
m wo w0 18 2w 2 m @ w0  w %  ®m W™ @ @ o ®» W om0 -m



g g ] ] g g g g ] ] g g g
i i b bH i b il T bl hid T i kil I
=
(=]
L]
==y
=
g
a4
=
=
=
2
=]
o —
—_— =o'z
614
LA
ET L
L Ars
9L
LA
(YAl rBZ'T
— - & cor
TE £ T 1 ST
9p £ al ||“U u“f_:nm
mv.hw. FO'T
05 s
:.m./
EV 87 I R ———m—— BT
mﬁ.mu__‘

3in 25 20 15 10 as aa -5

35

as aan 75 7.0 (13 &0 55 50 45

a0

ws 040

La

T {ppm]

= w o n = w o i = w T
ki Ly g T ki i 7 i I T T 9 ki
=
(=]
L]
=
=
o ]
=
o
=
= =
=4
£
o
(]
9Tk —
=

wh.mwﬁ
va.awﬂ./
BE'LET
0 21
05821

bEBET
mm.mmﬁx
mm.mmﬁ%
0oEET
mm.mmﬁ__

DE'TET—

50

an

100
1 {pgm)

110

130

190

1

S21



8
8
8
8
7
7
7
7
7
7
7
7
7
7
7
4.10
4.09
4.07
4.06

%/‘E Proton NMR (600 MHz CDCl;) [

4000
sude
[ PrggS s [0

| | AR

v’
i
i

=400

3000

= 2800

- 2400

- 2200

- 1600

- 1400

1200

¥ SEmm——
2 m—

110 ——
r
g8

1.00
289
1.00
T

~ | 1.06
51209y Cm—-

—172.16

26.18

2568
—49.09
—2212

Carbon NMR (151 MHz CDCh) L7

O O »
e

T T
%0 180 170 -] 150 10 10 120 1o W“l )ﬂ L] 0 &0 = 40 x 2 10 ] -10

S22



830
Ls2
B.18
17

761
7560
759
734
733
732

/
§?5

M
343

<l

Proton NMR (600 MHz CDCl3)

- _COOH

L
SN

af

094 e

5500

3000

2500

1000

o0

90 as 80 75

Carb

—171.30

on NMR (151 MHz CDCly)

28KLRIRAR
EEEEEEED

SV

45
i lppm)

—42.16

15

as

p-500

55

=50

=35

-5

20

=10

=3

-5

T
140 130 120

S23



155adsaaesezesday
Y

300

2500

= 1500

| 1000

Lo

2.124

—172.12

Carbon NMR (151 MHz CDCl;)
_~_COOH
l___,,:I‘ s‘s-- N

ag

—37.28
—3259
—2172
—1362

75

=70

-3

=20

=]

F20

S24



1.00 ¢

1.00-¢

90

X

{ 11

—171.32

Carbon NMR (151 MHz CDCh)

_COOM

4868

—34.13

2627
2548

4

-3

=l

18

14

14

12

e

S25



t=17000

- 14000

- 13000

|- 12000

t-11000

= 10000

Proton NMR (400 MHz CDCl3)

Fos

T
4%
Fiipee)

HE01
Feon [

75

=l
=001

-120

110

950E—

al'Zir—

E6'1L1—

Carbon NMR (101 MHz CDCl;)

S26



4500

Proton NMR (600 MHz CDCl,)

I

|||[ JI'II']

i
|
|

|

b=

1 ppm)

- 100

Lo

0

b-10
0

Carbon NMR (151 MHz CDCl)

il L

I

l i|| IIiH

T
0
11 (pgm)

S27



k000
20
2000
k150
3000
hs

Proton NMR (600 MHz CDCh)

$IFRRRRARNRARINER
NN RRRRAR NSNS SSRGS

5L

Carbon NMR (151 MHz CDCls)

435

1 (pgmm)

235R85838

L e s o

5882g
hadhedhadhadbada Lol Bk KoK X |

SKig—

0gont
66911
&L
601
6T SL1
86521
ET 91
891
LZ]
L6'8E1
66 BT
61621
PUOET

W,
TEVED
8&%
' SE1 .\|
€8 661
18ISy
68 151
se 2517/

BS' S91—
e —

S28

-4




4500

4000
=350

Proton NMR (600 MHz CDCl;)

[+]

_{'
0 z

L2
SeSP3

S&d

901
%m._,n
L1 4

E
aZe
560
mi
'l
61
o'z

110
100
-0
=

=]

10

=10

Carbon NMR (151 HMz CDCl,)

vig—

=N
&
2~

S29



f-4000
3500

3000

2500

1000

Proton NMR (600 MHz CDCl;)

€0b— e

9
€691
b9
86°9
1y

wie
LIXs

=FE

a0

10

15

45

11 (ppm)

T
50

b= 14

f-4

Th—

srig—

09011
@t
6811
et
9 s21
19521

Pt |
56521 _
o Lz
£9° 421
158214
£6°8Z1§

o ezi-t
o1 0E1,
3..:..“
Sn_.\
SESEl
e LET
25 6€1
85 151

26151
a6 z517

0£ 591 —
nesn—

Carbon NMR (151 MHz CDCl3)

S30



- 1500

Proton NMR (600 MHz CDCl3)

— 'S

= — rh'l

1 (ppm)

=)

b

soze—

Zreb—

618
Zroly
58°91 1
16" 211
90 +Z1
9z sLl
ELSITY
PoSET
or gt
15421
9% 21§
S BL1

3

TU6E1
01 0E 1|
6 1EI-E
STEET—
vﬁwn_“
o6 6ET
0ozl
85151
x__m_W
10°€51

o«s9—
Ele9l—

Carbon NMR (151 MHz CDCly)

5e5P5

-—

150 M0 00 110
1 (pgm)

17

S31



Proton NMR (600 MHz CDCH)

EVE
-_v.mv

s
1 (ppm}

75

35

Las

Lo

ks
o

LT0b—

e

1o
a9
o8l
el
90kl
9 Sl
88521
¥6'SZ1
S0°9Z1
fraid]
[AN 4] V

_S.nn_\.
1£EET
B EET
vm.mn_‘\

bL 6ET
£5'151
;:"m_W
06 251

1£691—
1nres—

Carbon NMR (151MHz CDC1y)

P
11 (pgem)

T
1m0

S32



@0
wa.nv
680

BE'T
o1
W -V
'l

91
1
'l
£9'1
sl
99'1

&t
vﬁnv
e

Proton NMR (600 MHz CDCl5)

Sesp7

=99

%'
=Ty

e
Er'z
511
er'e
PEE
1E'1

=601

me
Loz

- 18

=17

15

L4

-7

5

IYEl—

oLz

LS
6T LE—

L1 3%

19orr—

S8 91T~
06' L1
L0'vZl
mn.mn_V
08’521
¥6'SZT
b9zt
L
16zl
60 0ET
et
06'EET
PE'SET

E0' 0Pl
£5'151
6151

00’ €51
6Z'591—
eI —

Carbon NMR (151 MHz CDCl5)

S33



Lo

S34

260
k20
k220
k200
180
160
140
120
|-100

S —

Proton NMR (600 MHz CDCIy)
[

g § 8.8 3. 3.8 4%
1
-1
o
3
B LYST~
Wa.- 99z~
ot 1rbE—
ore
Fav [
98—
[ v
~
Fezre
A
-
-
0518~
&
o8
Fa
€901 1—
vaor
-2 26 11
Wbzl
7621
L3 s
V6521
10921
o' BZ1
&l 80621
o0 DET
00 ZET
E -4 bLEEL
ol VESEL
[ & wowif
Bt L w st =
ez | "~ swistf &
'l Z0°EST o
wEH— N
o[ @ wen— E
B o
681 2
L9 o
o
z
r” m
°
[

10

0

1 {ppm)

110

120

Sespg
1

100

190




= 7500

3000

1500

)

oy

~ 8

P
y ©
#g

.

{.‘
Nl

K

© ‘[\-f Yo7

]

Proton NMR (600 MHz CDCl;)
o
SeSP9

)
PPN
“Se

$

i
L

A

=ioel

261
a6l
01
i

R 07

o7
m 801
&
® oot

61
¥ w61

R

=140

-1

120
130
100
=
- 80
20
s
=

ETLr—

05'18—

Carbon NMR (151MHz CDCl;)

110

10

1 {ppm)

S35



