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1. General Information

All reagents and solvents of the highest grade were purchased from commercial suppliers and used
without further purification unless otherwise stated. All reactions were magnetically stirred and
monitored by thin—layer chromatography (TLC). Flash chromatography was performed using
silica gel 60 (200-300 mesh). The '"H NMR and '3C NMR spectra were measured on Bruker 600
Hz spectrometer (600 MHz for 'H, 150 MHz for 1*C) and Bruker 400 Hz (400 MHz for 'H, 100
MHz for 13C) spectrometer. The chemical shifts in 'H NMR spectra are reported in 8 ppm using
TMS as an internal standard unless otherwise stated. The following abbreviations were used to
explain the multiplicities: s = singlet; d = doublet; t = triplet; q = quartet; m = multiple; br = broad.
High resolution mass spectra were obtained on a Varian QFT-ESI mass spectrometer. Absorption
spectra were taken on Varian Carry 4000 spectrophotometer. Fluorescence spectra were taken on
Hitachi F-7000 fluorescence spectrometer. The fluorescence lifetimes of all samples were
measured using steady-stead fluorimeter Edinburgh FLS1000 and monitored at their respective
peak emission wavelengths. The stock solutions of dyes 1-17 were prepared in DMSO and diluted
with phosphate buffer (PBS) such that the DMSO concentration did not exceed 1% (v/v).

2. Synthetic materials and methods

Compounds 1,' S1,! 3,2 S6,> S9.* 10,> S20,> S22, S23,> and 4-methyl-1,4-azaphosphinane 4-
oxide’” were known compounds and synthesized according to literature procedures. Compounds 2,
12, 14, and thiomorpholine 1,1-dioxide were purchased from Innochem reagent company.

2.1 Synthesis of Rhodamine dyes 4 and 5
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o:/p \) . The vial was sealed and evacuated/backfilled with nitrogen (3x).

4-methyl [1,4] azaphosphinane-4-oxide (134 mg, 1.00 mmol, 3.0
eq) dissolved in dioxane (20 mL) was added and the reaction was refluxed for 18 h. It was
subsequently cooled to room temperature and diluted with MeOH. Silica gel (~2 g) was added and
the mixture was concentrated to dryness. Purification by silica gel chromatography
(CH,Cl,/MeOH =20:1) afforded 4 as a pink solid (132 mg, 70%). '"H NMR (600 MHz, D,0) §
(ppm): 7.97 (d, J=8.4 Hz, 1H), 7.78 (d, J = 5.4 Hz, 2H), 7.48 (d, /= 6.0 Hz, 1H), 7.43 (d, /=9.0
Hz, 2H), 7.15 (d, J = 9.0 Hz, 2H), 6.85 (s, 2H), 4.00-3.97 (m, 8H), 2.18-2.07 (m, 8H), 1.68 (s, 3H),
1.66 (s, 3H). 13C NMR (150 MHz, D,0): 174.2, 161.7, 157.8, 155.4, 139.3, 132.1, 130.4, 129.9,
129.7, 128.9, 111.5, 111.4, 97.7, 44.0, 27.0, 26.9, 26.6, 26.5, 13.0, 12.5. HRMS (ESI) calcd for
C;0H33N,05P, [M+H]* 563.1859; found 563.1861.

A vial was charged with fluorescein ditriflate S1 (200 mg, 0.34

O . mmol), Pd,dba; (31 mg, 0.034 mmol, 0.1 eq), XPhos (48 mg,

O \ 0.10 mmol, 0.3 eq), and Cs,CO; (306 mg, 0.94 mmol, 2.8 eq).

o O (5) r\@ 0 The vial was sealed and evacuated/backfilled with nitrogen (3x).
0’ 0 Thiomorpholine-1,1-dioxide (108 mg, 0.81 mmol, 2.4 eq) in

dioxane (20 mL) was added and the reaction was refluxed for 18 h. After cooling to room
temperature, water (50 mL) was added and CH,Cl, (50 mL x 4) was used to extract organic
compounds. The combined organic phase was dried over Na,SO,4 and then concentrated to dryness.
Purification by silica gel chromatography (PE/EA =1:1) afforded S as a white solid (161 mg, 85%).
'H NMR (600 MHz, CDCl5) 8 (ppm): 8.03 (s, 1H), 7.69 (d, J = 4.8 Hz, 1H), 7.64 (d, J = 5.4 Hz,
1H), 7.19 (d, J = 6.0 Hz, 1H), 6.70 (d, J = 3.0 Hz, 4H), 6.58 (s, 2H), 3.92 (s, 8H) , 3.09 (s, 8H).
3C NMR (150 MHz, CDCl5): 169.3, 152.8, 152.6, 148.9, 135.0, 129.8, 129.7, 126.8, 125.1, 123.9,
111.6, 110.6, 102.4, 50.3. 46.7. HRMS (ESI) calcd for C3H,7N,05S, [M+H]" 567.1254; found
567.1259.

2.2 Synthesis of Carborhodamine dye 6
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3-bromo-N, N-diethyl aniline S2 (4.56 g, 20.0 mmol) was dissolved in dry
/\N/©\’/\OH THF (100 mL) under dry N, atmosphere and cooled to =78 °C. n-BuLi (2.5
) S3 M solution in hexane, 10.0 mL, 25.0 mmol) was added dropwise to the

solution and the reaction mixture was stirred for 30 min. Then, dry acetone (2.21 mL, 30.0 mmol)
was added dropwise at =78 °C. The reaction mixture was stirred continue for another 15 min at
this temperature, and then warmed to room temperature. The reaction was quenched by dropwise
addition of 2 M HCI (10 mL) and the solution was neutralized to pH 7 with sat aq NaHCOs. The
reaction mixture was then extracted with CH,Cl, (3%) and the combined organic layers were dried
over Na,SOy,, filtered, and evaporated to dryness. Purification by silica gel chromatography (EA /
PE= 1:5, v/v) gave the pure product S3 as colorless oil (3.32 g, 80%)."H NMR (400 MHz, CDCl;)
8 7.19 (t, J= 8.0 Hz, 1H), 6.87 (s, 1H), 6.73 (d, /= 7.6 Hz, 1H), 6.59 (q, J = 2.0 Hz, 1H), 3.39 (q,
J =72 Hz, 4H), 1.57 (s, 6H), 1.18 (t, J = 7.2 Hz, 6H). '3C NMR (100 MHz, CDCl;) § 150.3,
129.0, 111.6, 110.3, 108.0, 72.7, 44.4, 31.6, 12.6. HRMS (ESI) caled for C{3H,NO [M+H] *
208.1696, found 208.1694.

/@\H/ A suspension of 2-(3(diethylamino)phenyl) propan-2-ol S3 (3.11 g, 15.0 mmol)

~N and KHSO, (2.04 g, 15.0 mmol) in xylenes (20 mL) was stirred in a pressure

s

water (30 mL) was added, and the mixture was stirred until an inorganic precipitate was dissolved.

tube at 140 °C for 2 h. The reaction mixture was cooled to room temperature,

The reaction mixture was neutralized to pH~8 by dropwise addition of aqg NaOH (20%, w/w), and
the organic material was extracted with CH,Cl, (3 %). The combined organic layers were dried
over Na,SO,, filtered, and evaporated to dryness. Purification by silica gel chromatography
(EA/PE= 1:20, v/v) gave the pure product S4 as light- yellow oil (2.18 g, 77%).'H-NMR (400
MHz, CDCl5) 8 7.19 (t, J = 8.0 Hz, 1H), 6.76 (s, 2H), 6.62 (d, J = 6.4 Hz, 1H), 5.31 (s, 1H), 5.04
(s, 1H), 3.38 (q, J = 7.2 Hz, 4H), 2.14 (q, J = 0.8 Hz, 3H), 1.84 (t, /= 7.2 Hz, 6H). 13C NMR (100
MHz, CDCl;) 6 147.7, 144.4, 142.6, 129.0, 113.2, 111.9, 111.3, 109.4, 44.5, 22.0, 12.5. HRMS
(ESI) caled for Cy3HpN [M+H] * 190.1590, found 190.1588.

0 Boron trichloride (1 M solution in CH,Cl,, 23 mL, 23.0 mmol) was
O‘O added dropwise to a solution of (4-(diethylamino)phenyl)methanol
N NN

) . o3
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(3.58 g, 20.0 mmol) and N,N-diethyl-3-(prop-1len-2-yl)aniline S4 (3.78 g, 20.0 mmol) in dry
CH,Cl, (100 mL) at 0 °C under N, atmosphere over 15 min. The reaction mixture was stirred
overnight and was allowed to warm to room temperature. Polyphosphoric acid (>83% phosphate
(as P,0s), 50 g) was then added to the reaction mixture. The mixture was warmed to 40 °C, and
CH,Cl, was allowed to slowly evaporate through a thick cannula under slow flow of N,. The
reaction mixture was then heated to 130 °C, and the viscous material was stirred for an additional
3 h. The reaction mixture was allowed to cool to 20 °C, poured onto ice in a beaker, neutralized
with cold aq NaOH (20%, w/w), and extracted with CH,Cl, (4 x). The combined organic layers
were washed with aq Na,S,0; (100 mL, 10%). The organic layer was then separated, dried over
Na,SO,, and the solvent was removed under reduced pressure to give a yellow viscous residue.
The above-described viscous residue was dissolved in acetone (150 mL) and KMnQO, (6.80 g, 43.0
mmol) was added portion wise at 0 °C over 2 h. When no starting material was observed (the
reaction progress was monitored by TLC), the reaction mixture was filtered to remove MnO,, and
the pad was thoroughly washed with CH,Cl,. The filtrate was collected, and the solvents were
evaporated to give a green powder. Purification by silica gel chromatography (EA / PE= 1:5, v/v)
gave the product S5 as light- yellow solid (1.48 g, 20%)."H NMR (400 MHz, CDCl;) & 8.24 (d, J
= 8.8 Hz, 2H), 6.72 (m, 4H), 3.49 (q, J = 6.8 Hz, 4H), 1.70 (s, 6H), 1.26 (t, J = 6.8 Hz, 6H). 13C
NMR (100 MHz, CDCl;) 6 180.8, 152.4, 150.7, 129.3, 119.3, 110.3, 107.2, 44.6, 37.9, 33.6, 12.6.
HRMS (ESI) calcd for Cp4H33N,0 [M+H] * 365.2587, found 365.2585.

To a flame-dried flask  flushed with argon, 2,6-
O dimethylbromobenzene (0.925 g, 5.0 mmol) and anhydrous THF (10

mL) were added. The solution was cooled to — 78 °C, and then n-

O‘O Cloy BuLi (2.5 M in hexanes, 1.20 mL, 3.0 mmol) was added dropwise.
/)\l ; ’\‘i\ After stirring 30 min at — 78 °C, C-xanthone S5 (364 mg, 1.0 mmol)

dissolved in anhydrous THF (20 mL) was added dropwise, and the
mixture was warmed to room temperature then stirred for 2 h. The reaction was quenched by aq
NH4CI and then acidified with 2 N HCIO,4. The reaction mixture was diluted with water and the
whole was extracted with CH,Cl, (3%). The organic layer was dried over Na,SO,4 and evaporated.
The residue was purified by silica gel column chromatography (DCM / EtOH = 50:1) to afford
desired product 6 as blue solid (120 mg, 25%).'"H NMR (600 MHz, CD;CN) & 7.40 (t, J = 7.2 Hz,
1H), 7.27 (d, J = 7.8 Hz, 2H), 7.14 (s, 2H), 6.99 (d, /= 9.6 Hz, 2H), 6.77 (d, J= 9.6 Hz, 2H), 3.67
(g, J = 7.2 Hz, 8H), 1.95 (s, 6H), 1.78 (s, 6H), 1.27 (t, J = 7.2 Hz, 12H). '3C NMR (150 MHz,
CD;CN) 6 157.9, 155.7, 136.9, 136.5, 129.8, 128.3, 120.1, 118.2, 114.2, 111.9, 46.5, 42.3, 33.9,
19.7, 12.8. HRMS (ES]) calcd for C3;,H4 1N, [M] *453.3264, found 453.3264.

2.3 Synthesis of Carborhodamine dye 7
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0 A Schlenk bottle filled with dry nitrogen, compound S6* (518 mg,
1.00 mmol), Pd,dbas (91.5 mg, 0.10 mmol, 0.1 eq.), XPhOS (143 mg,
S\J < '\@ 0.30 mmol, 0.3 eq.), and Cs,COs (912 mg, 2.80 mmol, 2.8 eq.) were
mixed. A suspension of thiomorpholine (247 mg, 2.40 mmol, 2.4 eq.)
in anhydrous dioxane (20 mL) was added dropwise and stirred at 100 °C for 4 h. It was then
cooled to room temperature, diluted with dichloromethane. The combined organic phase was
washed with water and brine, dried over Na,SOy,, filtered and evaporated. Purification by silica gel
chromatography (EA/PE =1:5, v/v) afforded compound S7 as an pale yellow solid (297 mg,
74%).'H NMR (600 MHz, CDCl;) 6 8.26 (d, J = 7.8 Hz, 2H), 6.95 (s, 2H), 6.91 (d, J = 7.8 Hz,
2H), 3.80 (s, 8H), 2.76 (s, 8H), 1.69 (s, 6H). 3C NMR (150 MHz, CDCl;) 8 181.0, 152.3, 129.4,
114.2, 51.0, 38.1, 33.4, 26.1. HRMS (ESI) calcd for CyH,sN,OS, [M+H] * 425.1716, found
425.1715.

To a  flame-dried flask  flushed with  argon, 2,6-
O dimethylbromobenzene (0.925 g, 5.00 mmol) and anhydrous THF
O‘O (10 mL) were added. The solution was cooled to - 78 °C, n-BuLi (2.5
\J \"O M in hexanes, 1.20 mL, 3.0 mmol) was added, and the mixture was
> ss co7 " stirred for 30 min. At the same temperature, C-xanthone S7 (424 mg,
1.00 mmol) dissolved in anhydrous THF (20 mL) was added dropwise, and the mixture was
warmed to room temperature and stirred for another 4h. The reaction was quenched by water,
acidified with 2 N HC1O,4 and then stirred for 30 min. The reaction mixture was diluted with water
and the whole was extracted with CH,Cl, (3%). The organic layer was dried over Na,SO, and
evaporated. The residue was purified by silica gel column chromatography (DCM / EtOH = 50:1)
to afford desired product S8 as dark red solid (0.411 g, 67%).'"H NMR (600 MHz, CD;CN) §
(ppm): 7.41 (t, J="7.8 Hz, 1H), 7.30 (d, /= 1.8 Hz, 2H), 7.27 (d, J = 7.8 Hz, 2H), 7.05 (d, J=9.0
Hz, 2H), 6.89 (dd, J; = 1.8 Hz, J, = 7.8 Hz, 2H), 4.10 (t, J = 4.8 Hz, 8H), 2.79 (t, /= 4.8 Hz, 8H),
1.95 (s, 6H), 1.77 (s, 6H). 3C NMR (150 MHz, CD;CN) & 165.0, 157.8, 155.6, 136.5, 135.5,
129.1, 127.5, 120.2, 117.3, 114.2, 112.1, 50.8, 41.9, 32.8, 26.8, 18.9. HRMS (ESI) caled for
C;3,H37N,S, [M]* 531.2387, found 531.2393.

A solution of 3-chloroperozybenzoic acid (138 mg, 0.81 mmol)
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in CH,Cl, (10 mL) was added dropwise to a solution of S8 (61.3 mg, 0.10 mmol) in CH,Cl, (20
mL) at 0 °C. The reaction mixture was stirred for 2 h at 0 °C, then allowed to warm to room
temperature and stirred for another 4 h. The mixture was washed successively with ag. NaHSO;,
and 2N HCIlO,. The organic layer was collected and dried over Na,SO,. The solvent was filtered
off and evaporated to dryness. The residue was purified by silica gel column chromatography
(DCM / EtOH = 50:1) and further recrystallized by portion wise addition of Et,O to the solution of
product in CH,Cl, with frequent sonication. The product was dried under vacuum to give 7 as
dark red solid (20 mg, 30%).'"H NMR (600 MHz, CD;CN) & (ppm): 7.44 (t, J= 7.8 Hz, 1H), 7.41
(d, J=2.4 Hz, 2H), 7.30 (d, J = 7.8 Hz, 2H), 7.18 (d, J = 9.6 Hz, 2H), 7.02-7.00 (dd, J = 2.4 Hz,
2H), 4.23 (t, J = 4.8 Hz, 8H), 3.23 (t, J = 4.8 Hz, 8H), 1.95 (s, 6H), 1.81 (s, 6H). 3C NMR (150
MHz, CD;CN) 6 169.0, 159.8, 157.0, 138.2, 136.3, 135.4, 130.3, 128.5, 122.1, 118.2, 115.7, 113.5,
52.2,47.0,43.2,33.4, 19.8. HRMS (ESI) calcd for C3,H37;N,04S, [M]* 577.2189, found 577.2185.

n-BulLi, /©\
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2.4 Synthesis of Silicon-Rhodamine dye 8

S9 8

To a flame-dried flask flushed with argon, 2,6-dimethylbromobenzene

O (0.925 g, 5.00 mmol) and anhydrous THF (10 mL) were added. The
O \ solution was cooled to — 78 °C, and then n-BuLi (2.5 M in hexanes,
N/\ 1.20 mL, 3.00 mmol) was added dropwise. After stirring 30 min at — 78

8 °C, Si-xanthone S9°(380 mg, 1.00 mmol) dissolved in anhydrous THF

(20 mL) was added dropwise, and the mixture was warmed to room temperature then stirred for 2
h. The reaction was quenched by aq NH,4Cl and then acidified with 2 N HCI. The reaction mixture
was diluted with water and the whole was extracted with CH,Cl, (3%). The organic layer was dried
over Na,SO,4 and evaporated. The residue was purified by silica gel column chromatography
(DCM / MeOH = 30:1) to afford desired product 8 as blue solid (207 mg, 41%).'"H NMR (600
MHz, DMSO-dg) 6 7.41 (s, 2H), 7.36 (t, J= 7.2 Hz, 1H), 7.26 (d, J= 7.2 Hz, 2H), 6.90 (d, /= 9.6
Hz, 2H), 6.85 (d, J = 9.6 Hz, 2H), 3.67 (m, 8H), 1.94 (s, 6H), 1.19 (s, 12H), 0.65 (s, 6H). 13C
NMR (DMSO-dg, 150 MHz) 6 167.3, 152.7, 147.8, 139.5, 138.6, 135.4, 128.9, 127.9, 126.1, 121.6,
115.1, 45.6, 19.7, 13.2, -0.88. HRMS (ESI) calcd for C3;H41N,Si[M] * 469.3034, found 469.3039.

2.5 Synthesis of silicon-rhodamine dye 9
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A vial was charged with 1,3-dibromobenzene (9.44 g, 40.0 mmol),
(\ /©\Br thiomorpholine (4.12 g, 40.0 mmol), Pd(OAc); (449 mg, 2.00 mmol), BINAP
S (1.92 g, 3.00 mmol) and t-BuONa (4.62 g, 48 mmol). The vial was sealed and
evacuated/backfilled with nitrogen (3x) followed by addition of toluene (50 mL) by a syringe. The
reaction mixture was stirred at 100 °C for 12 h. After cooling to room temperature, the mixture
was diluted with CH,Cl, and filtered through a celite pad. The combined filtrate and washings
were concentrated. The residue was purified by silica gel column chromatography (PE / EA = 20:
1) to afford desired product S10 as colorless oil (6.41 g, 62%).'H NMR (600 MHz, CDCl3) &
(ppm): 7.11 (t, J = 7.8 Hz, 1H), 7.00 (s, 1H), 6.95 (d, J = 7.8 Hz, 1H), 6.79 (d, J = 7.8 Hz, 1H),
3.56-3.54 (m, 4H), 2.72-2.70 (m, 4H). 3C NMR (150 MHz, CDCl;) § 152.1, 130.5, 123.3, 122.3,
119.6, 115.2, 51.7, 26.4. HRMS (ESI) calcd for C;oH;3BrNS [M+H]* 257.9947, found 257.9945.

/@\ /@\ Compound S10 (5.16 g, 20.0 mmol, 2.4 eq) was dissolved in THF

N N/\ (100 mL) and cooled to -78 °C with dry ice bath under nitrogen. n-

S11 BuLi (2.5 M in hexanes, 8.00 mL, 20.0 mmol, 2.4 eq) was added

dropwise to the solution, and the reaction was stirred at -78 °C for 30 min. Dichlorodimethylsilane
(1.1 mL, 8.33 mmol) in THF (10 mL) was then added dropwise over 30 min. The dry ice bath was
removed, and the reaction was stirred at room temperature for 3 h. It was subsequently quenched
with saturated NH4Cl, diluted with water, and extracted with EtOAc. The organic phase was
collected and washed with brine, dried over anhydrous Na,SO,, filtered, and concentrated in
vacuo. The residue was purified by silica gel column chromatography (PE / EA = 20:1) to afford
desired product S11 as white solid (2.77 g, 80%)."H NMR (600 MHz, CDCl;) § (ppm): 7.27 (t, J =
7.8 Hz, 2H), 7.05 (d, J = 2.4 Hz, 2H), 7.03 (d, /= 7.2 Hz, 2H), 6.92 (d, J = 2.4 Hz, 2H), 3.49 (t, J
= 4.8 Hz, 8H), 2.75 (m, 8H), 0.52 (s, 6H). *C NMR (150 MHz, CDCl;) & 151.0, 139.2, 128.7,
126.0, 123.2, 118.2, 52.4, 27.0, -2.2. HRMS (ESI) calcd for C»H3N,S,Si [M+H]" 415.1692,
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found 415.1691.

Br Br Compound S11 (2.07 g, 5.00 mmol) was taken up in DMF (50
(\N QSiQ\N /\ mL). N-Bromosuccinimide (1.77 g, 10.0 mmol, 2 eq) was added
S\) 512 K/S portion-wise over 5 min, and the reaction was then stirred at room
temperature for 24 h. The reaction mixture was concentrated in vacuo and the resulting residue
was diluted with water and extracted with EtOAc (2x). The combined organic extracts were
washed with water and brine, dried over anhydrous Na,SOy,, filtered, and concentrated in vacuo.
Silica gel chromatography (PE / DCM = 2:1) afforded S12 as a white solid (2.72 g, 95%). 'H
NMR (600 MHz, CDCl5) 6 (ppm): 7.38 (d, J = 9.0 Hz, 2H), 6.97 (s, 2H), 6.76 (d, J= 7.2 Hz, 2H),
3.47-3.45 (t, J = 4.8 Hz, 8H), 2.72-2.71 (m, 8H), 0.74 (s, 6H). ’*C NMR (150 MHz, CDCl;) §
148.6, 138.1, 132.3, 125.3, 118.9, 51.0, 25.6, -2.0. HRMS (ESI) calcd for C,,H,9Br,N,S,Si

[M+H]* 572.9882, found 572.9880.

o) A solution of S12 (1.90 g, 3.31 mmol) in anhydrous THF (50 mL)
was cooled to -78 °C, and tert-Butyllithium (10.2 mL of 1.3 M in
s\)N /;'3\ NK/S hexanes, 13.2 mmol, 4 eq) was added quickly dropwise. The
resulting dark yellow solution was stirred at -78 °C for 1 h. Neat N,
N-dimethylcarbamoyl chloride (0.62 mL, 6.62 mmol, 2 eq) was then injected dropwise (the color
of the reaction mixture changed to light yellow). The resulting mixture was stirred at -78 °C for 30
min, then allowed to warm to rt. and left stirring overnight. It was then quenched with sat. aq.
NH,CI, and diluted with water. The mixture was extracted with ethyl acetate (3x). The combined
extracts were washed with brine, dried over Na,SO,, filtered, and concentrated in vacuo. The
product was isolated by silica gel chromatography (PE / DCM = 1:1) to give the ketone S13 as
bright yellow solid (1.21 g, 82%).'"H NMR (600 MHz, CDCl;) & (ppm): 8.38 (d, J = 8.4 Hz, 2H),
6.99 (s, 2H), 6.98 (d, J= 7.2 Hz, 2H), 3.82 (s, 8H), 2.74 (s, 8H), 0.46 (s, 6H). 3C NMR (150 MHz,
CDCl;) 6 185.0, 151.5, 140.7, 131.1, 117.6, 116.4, 50.5, 26.1, -1.0. HRMS (ESI) calcd for
Cy3H9N,08,Si [M+H]" 441.1485, found 441.1484.

To a flame-dried flask flushed with argon, 2,6-
dimethylbromobenzene (0.925 g, 5.00 mmol) and anhydrous THF
(10 mL) were added. The solution was cooled to — 78 °C, n-BuLi

[N S N (2.5 M in hexanes, 1.20 mL, 3.00 mmol) was added, and the
s s14 crh s

mixture was stirred for 30 min. At the same temperature, Si-
xanthone S13 (0.44 g, 1.00 mmol) dissolved in anhydrous THF (20 mL) was slowly added, and
the mixture was warmed to r.t. then stirred for 2 h. The reaction was quenched by addition of 2 N
HCI and the mixture was stirred at r.t. for 10 min. Saturated NaHCO; was added, and the whole

was extracted with CH,Cl, (3%). The organic layer was dried over Na,SO,4 and evaporated. The
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residue was purified by silica gel column chromatography (DCM / MeOH = 20:1) to afford
desired product S14 as green solid (0.42 g, 74%).'"H NMR (600 MHz, CDCIl3) & (ppm): 7.63 (d, J
= 3.0 Hz, 2H), 7.32 (t, J = 7.8 Hz, 1H), 7.17 (d, /= 7.8 Hz, 2H), 7.09 (d, J = 9.6 Hz, 2H), 6.75 —
6.73 (dd, J = 2.4 Hz, 2H), 4.24 (t, J = 4.2 Hz, 8H), 2.88 (t, J = 4.2 Hz, 8H), 1.98 (s, 6H), 0.77 (s,
6H). 3C NMR (150 MHz, CDCl;) 8 169.7, 153.1, 149.7, 140.8, 138.0, 135.5, 128.6, 127.8, 127.6,
122.2, 114.9, 51.2, 27.7, 19.8, -0.75. HRMS (ESI) calcd for Cs;H37N,S,Si [M]* 529.2162, found
529.2164.

To a solution of S14 (0.565 g, 1.00 mmol) in MeOH (30 mL) was
O added NaBH, (76.2 mg, 2.00 mmol). The reaction mixture was
stirred for 30 min at 50°C. The mixture was diluted with H,O and

@ /Si\ N/\ then extracted with CH,Cl, (3%). The combined organic layers
S

s15 K/S were dried over Na,SO, and evaporated. The residue was purified
by silica gel column chromatography (PE / EA =20:1) to afford S15 as white solid (0.191 g, 36%).
'H NMR (600 MHz, CDCl;) 8 (ppm): 7.16 -7.12 (m, 4H), 6.93 (s, 1H), 6.75 (d, J = 7.8 Hz, 2H),
6.70 (d, J= 8.4 Hz, 2H), 5.74 (s, 1H), 3.49 (s, 8H), 2.77 (s, 8H), 2.53 (s, 3H), 1.48 (s, 3H), 0.56 (s,
3H), 0.39 (s, 3H). 13C NMR (150 MHz CDCl;) & 148.8, 143.5, 139.7, 137.0, 134.0, 130.3, 128.6,
127.7, 126.4, 121.3, 118.9, 52.4, 45.8, 27.2, 21.3, 20.8, 0.07, -1.84. HRMS (ESI) calcd for

C31H39N,S,S1 [M+H]* 531.2318, found 531.2319.

A solution of 3-chloroperozybenzoic acid (0.641 g, 2.80
mmol) in CH,Cl, (20 mL) was added dropwise to a solution
of S15 (0.191 g, 0.36 mmol) in CH,Cl, (20 mL) at 0 °C. The

reaction mixture was stirred for 2 h at 0 °C, then allowed to

(\N
o\\‘so‘\)

washed with aq. NaHSO3;, and water. The collected organic layers were dried over Na,SO, and

warm to room temperature overnight. The mixture was

evaporated. The residue was again dissolved in CH,Cl, (20 mL), and DDQ (80 mg, 0.36 mmol)
was added in one portion. The mixture was stirred for 2 h, and then washed with 2N HCIO,4. The
organic layer was collected, dried over Na,SO,, filtered, and concentrated. The residual crude
product was purified by column chromatography (DCM / MeOH = 30:1) and further recrystallized
by portion wise addition of Et,O to the solution of product in MeOH with frequent sonication. The
product was dried under vacuum to give 9 as blue crystalline solid (0.15 g, 61%)."H NMR (600
MHz, CD;CN) 6 (ppm): 7.51 (s, 2H), 7.41 (t, J= 7.8 Hz, 1H), 7.27 (d, J = 7.8 Hz, 2H), 7.18 (d, J
= 9.6 Hz, 2H), 6.94 (d, J = 9.6 Hz, 2H), 4.22 (s, 8H), 3.22 (s, 8H), 1.96 (s, 6H), 0.61 (s, 6H). 13C
NMR (150 MHz, CD;CN) 6 153.8, 150.0, 141.4, 137.8, 135.4, 129.0, 128.4, 127.5, 122.1, 115.8,
51.3,45.9, 18.8, -2.4. HRMS (ESI) calcd for C3H37N,04S,Si [M]* 593.1959, found 593.1956.

2.6 Synthesis of phospha-rhodamine dye 11
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S18 $19 1

4-(3-bromophenyl)thiomorpholine S10 (5.16 g, 20.0 mmol) and

N@ formaldehyde (37 wt. % in H,0, 3.01 g, 100 mmol) were dissolved

S16 in acetic acid (100 mL) and the mixture was stirred at 80 °C for 8 h.

Solvent was removed by evaporation and saturated NaHCO; aqueous was added. The resulting

mixture was extracted by CH,Cl, (3%). The organic layer was collected, dried over Na,SO,, and

filtered. Solvent was removed by evaporation and the residue was purified by column

chromatography (DCM / PE = 1:3) to yield product S16 as a white solid (4.02 g, 76%).'H NMR

(600 MHz, CDCl;) 8 (ppm): 7.10 (d, J=2.4 Hz, 2H), 6.87 (d, /= 8.4 Hz, 2H), 6.74 (d, /= 8.4 Hz,

2H), 4.00 (s, 2H), 3.52 (t, J = 4.8 Hz, 8H), 2.73 (t, J = 4.8 Hz, 8H). 3C-NMR (150 MHz, CDCl;)

d 150.5, 130.9, 125.5, 120.7, 116.1, 51.8, 40.1, 26.6. HRMS (ESI) calcd for C,/H,sBroN,S,
[M+H]* 528.9800, found 528.9806.

To a solution of bis(2-bromo-4-thiomorpholinophenyl)methane S16
N (3.01 g, 5.70 mmol) in anhydrous THF (50 mL) was added tert-
S\) @ s Butyllithium (17.5 mL of 1.3 M in hexanes, 22.8 mmol, 4 eq) at -78
°C, and the mixture was stirred for 1 hour at -78 °C. P, P-
dichlorophenylphosphine (0.86 mL, 6.27 mmol) was then added dropwise at -78 °C for 20 min
and the resulting solution was warmed up to room temperature overnight. After it was cooled to 0
°C, 35% aqueous H,O, (2.5 mL) was added. The mixture was stirred for 30 min at 0 °C and
quenched with the solution of Na,SO;. The mixture was diluted with water and extracted with
CH,Cl,; (3%). The combined organic layers were washed with brine and dried over anhydrous
Na,SO,. The drying agent was filtered off and the solvent was evaporated. The residual crude
product was purified by column chromatography (PE / EA = 1:1) to give S17 as white solid (2.51
g, 89%).'H NMR (600MHz, CDCl;) & (ppm): 7.68 (d, J = 12.6 Hz, 2H), 7.45-7.41(m, 3H), 7.34-
7.32 (dd, J = 6.0 Hz, 2H), 7.28 (s, 2H), 7.02 (s, 2H), 3.90 (d, J = 18 Hz, 1H), 3.73 (d, J = 18 Hz,
1H), 3.62 (t, J = 4.2 Hz, 8H), 2.75 (s, 8H). 3C NMR (150 MHz, CDCls) & 149.7, 131.4, 130.5,
130.4, 129.2, 129.1, 128.5, 128.4, 120.0, 118.2, 51.8, 35.6, 26.4. HRMS (ESI) calcd for
Cy7H30N,0PS, [M+H]* 493.1532, found 493.1536.

o Compound S17 (2.31 g, 4.70 mmol) was dissolved in dry THF (100

mL), followed by the addition of powdered NaOH (0.56 g, 14.1
(N R N S10



mmol) and tetrabutylammonium bromide (TBAB, 77 mg, 0.24 mmol). The resulting suspension
was vigorously stirred for 5 h at room temperature under the flow of dry air. The mixture was
diluted with water, acidified with 2M HCI aq and extracted with CH,Cl, (3%). The organic layers
were combined and dried over Na,SO,4. The drying agent was filtered off and the solvent was
removed under reduced pressure. The residual was purified by column chromatography (DCM /
MeOH = 100:1) to give S18 as yellow solid (1.31 g, 55%).'H NMR (600 MHz, CDCl3) & (ppm):
8.34 (t, J= 6.0 Hz, 2H), 7.61-7.57 (dd, J = 7.8 Hz, 2H), 7.44 (t, J= 7.8 Hz, 1H), 7.38 (d, J= 7.2
Hz, 2H), 7.32 (d, J = 14.4 Hz, 2H), 7.06 (d, J = 9.0 Hz, 2H), 3.84 (s, 8H), 2.70 (s, 8H). 3C NMR
(150 MHz, CDCl3) 8 180.0, 152.2, 152.1, 135.3, 134.6, 131.6, 130.4, 130.3, 128.8, 125.7, 117.2,
114.4, 50.0, 26.0. HRMS (ESI) calcd for Cy;H»7N,NaO,PS,; [M+Na]* 529.1144, found 529.1148.

To a flame-dried flask  flushed with  argon, 2,6-
dimethylbromobenzene (0.925 g, 5.00 mmol) and anhydrous THF
(10 mL) were added. The solution was cooled to - 78 °C, n-BuLi

®

o K/ (2.5 M in hexanes, 1.20 mL, 3.0 mmol) was added, and the mixture
@ €l was stirred for 30 min. At the same temperature, P-xanthone S18
(506 mg, 1.00 mmol) dissolved in anhydrous THF (20 mL) was
added dropwise, and the mixture was warmed to room temperature then stirred overnight. The
reaction was quenched by water, acidified with 2 N HCIO, and then stirred for 30 min. The
reaction mixture was diluted with water and the whole was extracted with CH,Cl, (3%). The
organic layer was dried over Na,SO, and evaporated. The residue was purified by silica gel
column chromatography (DCM / MeOH = 30:1) to afford desired product S19 as dark green solid
(0.27 g, 38%).'H NMR (600 MHz, CD;CN) & (ppm): 7.69 (s, 1H), 7.66 (s, 1H), 7.63 (t, J= 7.8 Hz,
2H), 7.55 (t, J= 7.2 Hz, 1H), 7.46 (s, 2H), 7.38 (t, /= 7.2 Hz, 1H), 7.24 (m, 2H), 7.04 (t, J= 7.2
Hz, 1H), 6.91 (d, J = 1.8 Hz, 2H), 6.59 (d, J = 7.8 Hz, 1H), 4.06 (s, 8H), 2.76 (s, 8H), 1.89 (s, 6H).
3C NMR (150 MHz, CD;CN) 3 154.4, 154.3, 148.0., 139.7, 139.5, 132.8, 130.3, 130.2, 129.4,
129.2, 129.1, 129.0, 127.8, 127.6, 127.7, 120.0, 114.3, 51.4, 27.4, 18.9, 18.8. HRMS (ESI) calcd
for C55H3¢N,OPS, [M]* 595.2001, found 595.1997.

A solution of 3-chloroperozybenzoic acid (138 mg, 0.81 mmol)
in CH,Cl, (10 mL) was added dropwise to a solution of S19
(69.6 mg, 0.10 mmol) in CH,Cl, (20 mL) at 0 °C. The reaction

N R SN* : ~
o\\(\ N N, mixture was stirred for 2 h at 0 °C, then allowed to warm to
s S @ o L s

o}

cIo
1 4

room temperature and stirred for another 4h. The mixture was
washed successively with aq. NaHSOs3, and 2N HCIO,4. The organic layer was collected and dried
over Na,SO,. The solvent was filtered off and evaporated to dryness. The residue was purified by
silica gel column chromatography (DCM / MeOH = 30:1) and further recrystallized by portion

wise addition of Et,O to the solution of product in CH,Cl, with frequent sonication. The product
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was dried under vacuum to give 11 as dark green solid (30 mg, 39%).'H NMR (400 MHz, CD;CN)
S (ppm): 7.81 (s, J = 2.4 Hz, 1H), 7.80 (s, J = 2.4 Hz, 1H), 7.70-7.60 (m, 3H), 7.54-7.49 (m, 2H),
7.45 (t, J= 7.6 Hz, 1H), 7.30-7.25 (dd, J = 7.6 Hz, 2H), 7.21-7.17 (dd, J = 5.6 Hz, 2H), 7.07-7.05
(dd, J = 2.0 Hz, 2H), 4.24 (t, J = 4.2 Hz, 8H), 3.24 (s, 8H), 1.99 (s, 3H), 1.91 (s, 3H). 1*C NMR
(100 MHz, CD;CN) 6 155.9, 155.7, 141.4, 141.3, 136.7, 135.8, 135.4, 133.8, 131.2, 131.1, 130.2,
129.9, 129.8, 128.4, 128.3, 125.0, 124.9, 121.3, 121.2, 117.9, 51.8, 47.2, 19.5, 19.4. HRMS (ESI)
caled for C;35H36N,05PS, [M]* 659.1798, found 659.1795.

2.7 Synthesis of oxazine dye 13
N
Thiomorpholine-1,1-dioxide /@ j@\ (1C)H3CDIS H,0 /@i j;j\CIO‘{
Pd,dbas, XPhos, Cs,CO:! SN
@J@m ol ey
o

dioxane, reflux (2 ) 2N HCIO, O\S\) bﬁio
13 (0]

A Schlenk bottle filled with dry nitrogen, compound S20 (300

/@[ :©\ mg, 0.57 mmol), Pd,dba; (52.2 mg, 0.057 mmol, 0.1 eq.),
N XPhOS (81.5 mg, 0.17 mmol, 0.3 eq.), and Cs,COj3 (524 mg,
Oss s/o . .

o s21 o 1.6 mmol, 2.8 eq.) were mixed. A suspension of

thiomorpholine-1,1-dioxide (186 mg, 1.37 mmol, 2.4 eq) in anhydrous dioxane (20 mL) was
added dropwise and stirred at 100 °C for 4 h. It was then cooled to room temperature, diluted with
dichloromethane. The combined organic phase was washed with water and brine, dried over
Na,S0O,, filtered and evaporated. Purification by silica gel chromatography (EA / PE =1 : 1, v/v)
afforded compound S21 as an pale yellow solid (156 mg, 56%).'"H-NMR (400 MHz, DMSO-dy) &
7.44 (d, J = 6.4 Hz, 2H), 6.81 (d, J = 4.4 Hz, 4H), 3.80 (s, 8H), 3.11 (s, 8H), 2.22 (s, 3H). 3C
NMR (100 MHz, DMSO-dg) 6 151.5, 146.6, 126.1, 121.3, 110.6, 103.8, 50.1, 47.0, 23.0. HRMS
(ESI) caled for CyoHoeN306S, [M+H]' 492.1258, found 492.1254.

The intermediate S21 (49 mg, 0.10 mmol) was taken up in a
/C[ j;j\ + mixture of CH,Cl, (10 mL) and water (0.5 mL) and then
O\§\)N clo, ,\L/s—o cooled to 0 °C. DDQ (25 mg, 0.11 mmol, 1.1 eq) was added,
© and the reaction was stirred at room temperature for 3 h. A
second portion of DDQ (12 mg, 0.05 mmol, 0.5 eq) was added, and the reaction was stirred for an
additional 1 h. The mixture was filtered and solid was collected. The collected solid was dissolved
in CH3CN (10 mL), then 2 N HCIO4 (20 mL) was added and stirred for 30 min. The insoluble
solid was collected by filtration and washed with CH,Cl, and MeOH successively. After drying in
vacuum, compound 13 was obtained as a blue-purple solid. 'H-NMR (400 MHz, DMSO-d;) &
8.00 (d, J=6.4 Hz, 2H), 7.77 (dd, J; = 1.2 Hz, J, = 6.4 Hz, 2H), 7.44 (s, 2H), 4.36 (s, 8H), 3.42 (s,
8H). 3C NMR (100 MHz, DMSO-d;) 8 157.6, 149.6, 135.5, 134.8, 119.4, 98.4, 51.6, 47.1. HRMS
(ESI) caled for CyoH»,N305S, [M]™ 448.0995, found 448.0995.

2.8 Synthesis of coumarin dye 15.
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Thiomorpholine-1,1-dioxide X
X Pd,dbas, XPhos, Cs,CO3
O O
TfO [O 6]

dioxane, reflux o O
$22 3 15
A vial was charged with 4-methylumbelliferone triflate S22 (314 mg,
m 1.02 mmol), Pdydba; (93.4 mg, 0.102 mmol, 0.1 eq), XPhos (145 mg,
o:”s\)N ° 0 0.306 mmol, 0.3 eq), and Cs,CO3 (926 mg, 2.85 mmol, 2.8 eq). The vial

was sealed and evacuated/backfilled with nitrogen (3%). Dioxane (20 mL)
was added, and the reaction was flushed again with nitrogen (3x%). Following the addition of
thiomorpholine-1,1-dioxide (331 mg, 2.45 mmol, 2.4 eq), the reaction was refluxed for 8 h. After
cooling to room temperature, water (50 mL) was added and CH,Cl, (50 mL x 3) was used to
extract organic compounds. The combined organic phase was dried over Na,SO4 and then
concentrated to dryness. Purification by silica gel chromatography (PE / EA =1: 1) afforded 15 as
a white solid (180 mg, 60%)."H NMR (600 MHz, CDCl;) & (ppm): 7.51 (d, J = 8.4 Hz, 1H), 6.82
(dd, J=2.4 Hz, 1H), 6.76 (d, J = 2.4 Hz, 1H), 6.11 (s, lH), 4.00 (t, J = 4.8 Hz, 4H), 3.12 (t, J =
4.8 Hz, 4H), 2.38 (s, 3H). 3C NMR (150 MHz, CDCl3): 161.1, 155.5, 152.1, 149.6, 126.2, 112.7,
111.9, 111.1, 102.0, 50.4. 46.5, 18.5. HRMS (ESI) calcd for C;4H;(NO4S [M+H]* 294.0795,
found 294.0791.

2.9 Synthesis of 1,8-naphthalimide dyes 16 and 17

P P o
0 %

° (g O S24and 16: NR, = 4
o N o o N o o N 0 an : b = N
NHRp, CF3COOH
B ——— —_— =
seloTiselEN oo o
$25and 17: NRy= &N S,
ot
Br N< _N.
RR RTR
s23

$24 and S25 16 and 17
Diethylamine (731 mg, 10. 0 mmol, 10.0 eq) was added to the solution of tert -
/% Butyl 2-(6-bromo-1,3-dioxo-1H-benzo[de]isoquinolin-2(3H)-yl) acetate S23 (390
Zﬁ o Mg 1.00 mmol) in DMSO (10 mL). The mixture was heated to 110°C for 8 h. It
was then diluted with water and extracted with EtOAc (3%). The combined organics
OO were washed with brine, dried with Na,SO, and then concentrated to dryness. The
N residue was purified by column chromatography (DCM / MeOH = 100:1) to give
S24 [ S$24 as a light yellow powder (268 mg, 70%).H NMR (600 MHz, CDCl3) & (ppm):
8.58 (dd, J= 1.2 Hz, 1H), 8.50 (d, J =8.4 Hz, 1H), 8.48 (d, J = 8.4 Hz, 1H), 7.67 (d, J= 7.8 Hz,
1H), 7.21 (d, J= 7.8 Hz, 1H), 4.83 (s, 2H), 3.42 (q, J = 7.2 Hz, 4H), 1.48 (s, 9H), 1.18 (t, J = 7.2
Hz, 6H) . 3C NMR (150 MHz, CDCl;): 167.3, 164.3, 163.7, 132.4, 132.4, 131.2, 130.4, 127.3,

125.1, 122.6, 116.7, 82.0, 47.4. 41.9, 28.0, 12.2. HRMS (ESI) calcd for Cy,Hp6N,O4Na [M+Na]*
405.1785, found 405.1784
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OH Ester S24 (191 mg, 0.50 mmol) was dissolved in CH,Cl, (10 mL), and

o trifluoroacetic acid (2.0 mL) was added. The reaction was stirred at room

temperature for 4 h and then concentrated to dryness. The residue was purified by

OO column chromatography (DCM / MeOH = 100:1) to give 16 as a light yellow solid

(150 mg, 92%). 'H NMR (600 MHz, DMSO-ds) 8 (ppm): 13.01 (s, 1H), 8.50 (t, J=

16 r W 3.6 Hz, 2H), 8.40 (d, J = 8.4 Hz, 1H), 7.82 (t, J = 7.8Hz, 1H), 7.37 (d, J = 7.8 Hz,

1H), 4.71 (s, 2H), 3.45 (q, J= 7.2 Hz, 4H), 1.15 (t, J = 7.2 Hz, 6H). *C NMR (150 MHz, DMSO-

de): 169.9, 163.8, 163.1, 155.5, 132.6, 131.8, 131.4, 130.1, 126.7, 126.0, 122.4, 116.9, 114.1, 47.3,
41.4,12.5. HRMS (ESI) calced for C;sH7N,04 [M-H]~ 325.1194, found 325.1197.

Thiomorpholine-1,1-dioxide (676 mg, 5.00 mmol, 5.0 eq) was added to the solution
/k of tert -Butyl 2-(6-bromo-1,3-dioxo-1H-benzo[de]isoquinolin-2(3H)-yl) acetate S23
(390 mg, 1.00 mmol) in DMSO (10 mL). The mixture was heated to 110°C for 6 h.
It was then diluted with water and extracted with EtOAc (3x). The combined

oO
@)

organics were washed with brine, dried with Na,SO,4 and concentrated to dryness.

The residue was purified by column chromatography (DCM / MeOH = 200:1) to

§25 / j give S25 as a light-yellow powder (223 mg, 50%).'"H NMR (600 MHz, CDCl;) §

(ppm): 8.47 (d, J= 7.2 Hz, 1H), 8.45 (d, J =8.4 Hz, 1H), 8.33 (d, J = 8.4 Hz, 1H),

7.68 (d, J= 7.8 Hz, 1H), 7.25(d, J = 7.8Hz, 1H), 4.80 (s, 2H), 3.71 (s, 4H), 3.40 (s, 4H), 1.51 (s,

9H). BC-NMR (150 MHz, CDCl;): 167.3, 163.7, 163.2, 154.2, 132.1, 132.1, 129.5, 129.4, 126.7,

126.0, 122.8, 117.9, 116.6, 82.3, 52.0. 51.5, 42.0, 28.1. HRMS (ESI) calcd for C,,HN,OcSNa
[M+Na]* 467.1247, found 467.1249.

OH Ester S25 (222 mg, 0.50 mmol) was dissolved in CH,Cl, (20 mL), and

05{} trifluoroacetic acid (2.5 mL) was added. The reaction was stirred at room

temperature for 4 h and then concentrated to dryness. The residue was washed with

OO Et,0O to afford 17 as a light yellow solid (190 mg, 98%). 'H NMR (600 MHz,

DMSO-dg) 6 (ppm): 8.65 (dd, J = 3.0 Hz, 1H), 8.54 (m, 1H), 8.44 (dd, J = 4.2 Hz,

17 [ j 3.6Hz, 1H), 7.89 (dd, J = 8.4Hz, 4.8 Hz, 1H), 7.54 (dd, J= 3.6 Hz, 4.2Hz, 1H), 4.72

o 2 "0 (s, 2H), 3.68 (s, 4H), 3.52 (s, 4H). 3C NMR (150 MHz, DMSO-d,): 169.8, 163.7,

163.1, 155.3, 132.6, 131.6, 131.5, 129.5, 127.1, 126.1, 122.5, 117.6, 116.6, 51.8. 51.6, 41.5.
HRMS (ESI) calcd for C1gH;sN,O4S [M-H]~ 387.0656, found 387.0655.

3. Computational methods for vertical ionization potentials
All theoretical calculations were performed using a suite of Gaussian 09. To compute the vertical

ionization potential (IP) of various amino moieties in vacuo, we employed the benzene as the basis
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to simulate the fluorophore. All of the molecular structures were firstly optimized and conducted
frequency checks using B3LYP/6-311G(d). Based on these optimized molecular structures, the
electronic energies of ionized molecules were calculated using B3LYP/6-311G(d) by removing
one electron in each molecule. The difference of the electronic energies in their neutral and
ionized states is the vertical ionization potential of these amino moieties.
4. Determination of Quantum Yields
Fluorescence quantum yields of all samples in PBS buffer (10 mM, pH 7.4) were determined via
the relative determination method. The quantum yields were calculated using the following
Equation:

O, = [(AFAM)(AFAM) 1D
Where A and A, are the absorbance of the reference and sample solution at the reference
excitation wavelength, FA; and FA, are the corresponding integrated fluorescence intensity, and 1
and mo are the solvent refractive indexes of sample and reference, respectively. Absorbance of
sample and reference at their respective excitation wavelengths was controlled to be lower than
0.05. Reported values are averages (n = 3). For rhodamine dyes 1, 3, 4 and 5, their quantum yields
were determined with Rhodamine B (® = 0.31, in H,0) as a reference. For Carborhodamines 6
and 7, silicon-rhodamines 8 and 9, and oxazines 12 and 13, their quantum yields were determined
with Cresyl Violet (@ = 0.53, in CH;0H) as a reference. For phospha-rhodamines 10 and 11, their
quantum yields were determined with Cy5.5 (® = 0.23, in PBS) as a reference. For coumarins 14
and 15 and naphthalimides 16 and 17, their quantum yields were determined with quinine sulphate
(®=0.58, in 0.1M H,S0O,) as a reference.
5. Photostability assays of Rhodamines 1-5
Photostability of Rhodamine dyes 1-5 were tested using CXE-350 xenon lamp illumination system.
The solutions of 1-5 (10 mM PBS, with 0.1% DMSO) were subjected to irradiation by the xenon
lamp with an optical density 200 mW/cm?. The solution temperature was maintained steady by

air-cooling. The fluorescence intensities of the solution were monitored every 2 minutes.

6. Supplementary Spectra
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Figure S1. Fluorescence lifetime spectra for dyes 1-5.
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Condition: PBS (10 mM, pH = 7.4).
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Figure S5. Fluorescence lifetime spectra for dyes 6-17. (For 16, the lifetime decay data were fit to
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S21



7. References

1 J. Grimm, L. Lavis, Synthesis of rhodamines from fluoresceins using Pd-catalyzed C-N
cross-coupling, Org. Lett. 13 (2011) 6354-6357.

2 J. Grimm, B. English, J. Chen, J. Slaughter, Z. Zhang, A. Revyakin, R. Patel, J. Macklin, D.
Normanno, R. Singer, T. Lionnet, L. Lavis, A general method to improve fluorophores for
live-cell and single-molecule microscopy, Nature methods 12 (2015) 244-250.

3 S.Jia, K. M. Ramos-Torres, S. Kolemen, M. Ackerman, C. J. Chang, Tuning the color palette
of fluorescent copper sensors through systematic heteroatom substitution at Rhodol cores,
ACS Chem. Biol. 13 (2018) 1844—1852.

4 T. Wang, Q. Zhao, H. Hu, S. Yu, X. Liu, L. Liu, Q. Wu, Spirolactonized Si-rhodamine: a
novel NIR fluorophore utilized as a platform to construct Si-rhodamine-based probes, Chem.
Commun. 48 (2012) 8781-8783.

5 M. Grzybowski, M. Taki, K. Senda, Y. Sato, T. Ariyoshi, Y. Okada, R. Kawakami, T.
Imamura, S. Yamaguchi, A highly photostable near-infrared labeling agent based on a
phospha-rhodamine for long-term and deep imaging, Angew. Chem. Int. Ed. 57 (2018)
10137-10141.

6 J. Kovér, S. Antus, Facile deoxygenation of hydroxylated flavonoids by palladium-catalysed
reduction of its triflate derivatives, Z. Naturforsch., B: J. Chem. Sci. 60 (2005) 792-796.

7 Y. Wang, W.-S. Huang, S. Liu, W.C. Shakespeare, R.M. Thomas, J. Qi, F. Li, X. Zhu, A.
Kohlmann, D.C. Dalgarno, J.C. Romero, D. Zou, Heterocyclic phosphine oxide derivatives

as kinase inhibitors, US Patent 20140066406, 2014.

S22



5000C

: : ; : : g 5
L 7 7 1 L 7 1 1 L Il L L L L 7 L 1 1 L 1 & L ‘7]
[ ©
o
ez
£00°El =
MH” 3 F £56'97
— ¥S9'0T —
Hoe —— 6/6'92 //
8807 — - e 18042
e — = 6.46
9Ll \ . L
%4 : s L 1 880
i — 190wt
€T
sz
-
r Gy
]
1I6E . m
2 i ——————"" |18 | Q
pooy e 3
o
v
e h & P 50426
= Z
ml... pOP P ——
€05 FLE
Loz ——.
064621
Ze6'6EL —— 2
8r0Eh ——
—_— = 3203 oobzelh —
i B
— —t 2,00
T ——— wmm
‘ ) ) LEP'SSE ——
A Ay SEA203 clgIgt ———
——— =100 LoL'191
69T FLL
£
o
o

50

S23

100

13C NMR spectrum of 4

150

ppm (t1)

8. NMR spectra



3
[=
[=3
12 o
1 1 1 _
0000 —
Z60'S - —7 +a18
ze6e - == 810
9859 ——.
6699 . B
POL9 —— =y _ ——, 2933
6L % i ’
Yoz L / D _ r 102
ge9'/ % g 4 e T
L 2 s ) w ”
069'2 ~ —~ == =1,
269L — A\/ [ o JM
9g0g —— A\ § !J = 100
1

0.0

5.0

ppm (1)

'H NMR spectrum of 5

4000C

3000C
2000C

1000C

6L —
¢ee’0s

0894
rOLL

r&eLL

SO0l —

8S9°0L)
899°LLIL
BEG'ETL

QzL'szl
9£8'9Z) —-
lel'6Zl

198’6zl -

£60'5E) —
9e6'8kl

€SE'691

50

\
100

\
150

ppm (1)

13C NMR spectrum of 5

S24



o o o o o
Q Q (=] [=] Q
[=] Q Q [=] [=]
e} f=] n o (=3
ol o~ e — 0 o
Il Il 1 1 1
0000 -
W 622
e ——, FeA
opEe ——.
s8¢ S J
GlE'C = —_— e 1} 425
66 —— 1
ac
o]
S- == 3100
\‘J\"u -+ 0.89
— = 3101
[

0.0

1.0

20

3.0

4.0

5.0

ppm (1)

'H NMR spectrum of S3

5000C

4000C

3000C
2000C
1000C

Logch

§i9°le

0SF'vy

9z0'e0!
ISE0LL

€69 LLL —

os0'ezl

¢ee0st

OH

100

150

ppm (1)

13C NMR spectrum of S3

S25



c c c c

[} = [=3 (=}

(=] (=] (=} (=}

(=] [=] (=3 (=]

=S 2 S S o
1 1 i Il Il 1 1
000000 =

_ ) 1540

6ELT
LrLe
vz = 2310
iz
geee
£98°E ——\
LeE —= = — T 422
688 ——
0v0'5 I P
z1es |.[.1|Ju > 1.02

1099

T 193

7 1.00

ppm (t1)

'"H NMR spectrum of S4

40000

30000
20000

10000

¥85°¢ClL

£60°ZC

8LG vy

669 ——._
28072 ———

T

o 60L
¥L7B0L N
8reLLL |/

66 L ——2

eeh ——
eizeh —

¥80'621

129erL ——
eI PrL
vLL L)

5

I
100

ppm (t1)

13C NMR spectrum of S4

S26



i -
© o
o [

i

T

1

wzh

|—7oooa

&0000

50000

40000

0000

w

[— 20000

" 10000

10000

ppm (1)

e}
5] - o -

- ] o
=1 ] & &
@ [ ] —

13C NMR spectrum of S5

S27

[— 50000



4000C
3000C

2000C

1000C

z00'0-

!

W

= 1219

= 8.00
= 615

— 806

Lo
o
e
s
o~
N-)
L [
Lo ©
® g
-
|5}
19
o
~Q n
L~ m
L Z
. H
n
Lo
w
[
o
=]
(=]
I
g

— 7000C
— 3000C
2000C

1000C

£EBEE ——

Picion4d
659F ———

LIGT LML

€STPLE —
Weelh ———

180°0Z1
06£8ZL —

9/8'6Z1

EPS9El —— . \
=
Y

e,

.y

9 g
086'9€1 g

9SL°GGF ———
9167251

ppm (t1)

13C NMR spectrum of 6

S28



5000C

0000

G69°L

L9.°¢

808'¢c

006'9
€169 ——
6669 ——

€9C°L

6re8 —

Z9z8 —

T 18

F 200

ppm (t1)

'"H NMR spectrum of S7

1500C

1000C

5000C
0

20192

8.¥'ce
661 '8E

LS

6£8'9L
LG50 2L

A ——

08z ¥vLL

lev'eel

6.£°25)

9.0°181

\
100

\
150

\
200

ppm (t1)

13C NMR spectrum of S7

S29



o o o o o o
Q Q o (=] Q (=]
i=1 (=1 (=] (=] (=) (=]
i=] Q (=] [=] o (=]
© [re} = © o~ — L=}
Il 1 L 1 L Il L 1 L 1 Il
P000- -
2200
986’ ——
or6’L _ - =7 > 609
£h6'L —— < - 628
vre L —— ’
1861 —— = E
vaE ——
20T .
¥8.T o — —_——— 3814
26T @
60—
660F I -
piirid — ——=" 7 8.04
mev
L o
o
(&)
—— =) 7 200
- ——————! 208

0.0

50

ppm (i1}

'H NMR spectrum of S8

5000C

olegl

969'9¢
929'ze

€16° P

<lg'0s

acrell ——.
£8Pl —

SIEA ——

102021
£I8U0TL ——.
SrL6Th :
065°GEL ——.
£9G°6E |

889°S5) ——.
988°/G1

00069}

50

100

ppm (t1)

13C NMR spectrum of S8

S30



3 2 <] 3 8 <]
[=] [=] Q (=] [=] Q
[=1 (=3 Q f= (=) o
© 123 = @ o~ - (=]
7 1 1 1 1
|
0000 = il
— —= =614
- —z — 612
0S6°F —— _ ﬂwu
£91'z —— i
I \J‘V + 8.00
62T
5Ty ———F ] 808
——— 3200
—— 3 201
—— 2204
—— ==, 3196

0.0

1.0

7.0 6.0 50 4.0

8.0
ppm (1)

'H NMR spectrum of 7

— 1500C

1000C

5000C

8re'0
G86°0
Lebh
09 ——

86e’ L —— 7
LES'L
£L9°L

LF8'6L

BEV'EE

yecey
000°L¥

Zse’es

£I5ELL
Z8L°GLL %

€L2°8LL

FEr Tt

6YG821 )
208°08L —— 2
68¢'GEL

B69E9EL ——_
6ceeel

SPO LG —
168661

670691

I
50

I
100

I
150

ppm (1)

13C NMR spectrum of 7

S31



5000C

G090

0r6"}

[Ail 4

Lre'e

6.9°¢

F 388

18

ppm (1)

'H NMR spectrum of 8

80000
70000

60000

0000

5

40000

30000

20000
10000

S88°0-

L8zElL
LEL61

£95°6E ——
26968 ——\
Leg'6e
Y —

6010y —

8vz oF
L8E°0F A
869'GH

LG —
Ll9'LelL

£0L9C1L
096°LEL ——

L16'8C)
0¥’ seL ——
709°8€L

§85°6EL ——
P8Pl

L0L7261

/

7

\

26e°L91

o
rs]

I
100

ppm (1)

13C NMR spectrum of 8

S32



0.000

S33

i s d I 7000¢
K\ Y /% " soooc
| s000c
(N Br -
[ 4000¢
[ [ S\) C
‘ 30000
f [ 2000¢
I L
‘ | 10000
L o CF,
Ho ¥ K B
= = & =
R 8 N ° -
1000
| T T T T ‘ T T T ‘ T T T T ‘ T T T T | T T T T ‘ T T T T ‘ T ‘
7.0 6.0 5.0 40 3.0 20 0.0
ppm (1)
'H NMR spectrum of S10
0w | MmO D —
o O N O © QDO v - (=]
uwn MM O N o M e D -
o oo @ Nj< - r~ ~
saNze Rl e = & -
‘ J ‘ J \ ‘ L 2500¢
L 2000¢
(\ N Br L 1500¢
S \) B
I 1000¢
ty I s000¢
| -
| A g
T ‘ T T | T | 1
15 100 50
ppm (1)
13C NMR spectrum of S10



3 g g 5 3 3
[=] Q i Q [=] [=]
(=3 wn (=3 wn o j=
(2] o~ & - -~ n o
1 Il L 1 7 L L L 1 1 L Il
0000 -
| zzo —=  ~ 611
== 818
7
—— ] = 847
=
o
<o
d
.Q|u/
Y069 ——
9069 ——
2169
—-_—
1269 ——
oL —— A cW
vEO'L _
250°2 S WMW
950°L —— ) -7
6vZ L — —— =284
96T L —
1922
viTL—

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

ppm (1)

'"H NMR spectrum of S11

50000

90/

CEVEE

BLTELL
FLZETL
Fe0ozL

L9L8TL

0ZT6EL

ppm (t1}

13C NMR spectrum of S11

S34



89, ——

& & & L & &
Q (=] (=} (= Q Q
(=] (=] (=] Q (= Q
o 0 [=] wr (=] o
© o~ o~ — — n
_ 1 1 il Il Il Il L Il L 1 1 Il L
Z00°0- .
590°0
P20 = 611
LT —
0zL'e —— 798
9cr'e
Sor'e —— B
e 815
L
-
S5L9 ——. = @\\
: o
2009 BN & Q N 191
P - -
3 p
(21 - s - 2.00

00

10

20

3.0

4.0

60962

080°LS

G18°GL

2209, ———

7.0 6.0 50
'H NMR spectrum of S12

8.0

ppm (t1)

6£29L ——

996811

9.E'GZ)

oveZeL

6€1°8EL

189°8F1

25000
20000
15000
10000
50000

50

13C NMR spectrum of S12
S35

100

150

ppm (t1)




c u c
(=} = [=3
= S S
(=3 1k o
o o™ - (=]
1 1 1 1
0000 =
- = 6.19
vz - — 2809
z08°c — = = 318

=
e 3409
W, .

— e 3~ 2.00

0.0

50

I
100

ppm (t1)

'H NMR spectrum of S13

o o o o o
(=] (=] o (=] (=] (=
(=) (=) (=] (=) (=) (=)
(=] (=) (=] o (=) (=]
© ) -t o« o™ - (=)
111 | | I | 1 | I .|
w0 ————— = =
LR -
62505 g
689,
180711 ———2
86z 2L ——
g0v9LL
S - e
T8 LEl -
1%}
9oL 0pL ———— O -

z
961G —— O

€608 ———— O

I
100

I
200

ppm (t1)

13C NMR spectrum of S13

S36



5000C

4000C

3000C
2000C
1000C

0000

QLL'0

48671

0ECr —-

9cTy — =

i

= 6.03

~ 5.96

+ 8.16

=813

=204
= %8¢
~0.99

= 2.00

0.0

1.0

20

3.0

4.0

5.0

8.0

7.0

8.0

ppm (t1)

'H NMR spectrum of S14

o o -
(=] (=] (=]
S S S
1 7 1
£620- ——
¥000 ———— =
80861 —
15222 -
72215 -
=

LIBPLL

P0Z'Z2 ——.
819421
688221 ——2
999'8zL ——
SYG'GEL —
180°8EL

298 0pL ——

FGL6vL
661°€SL

G0.°691

I
100

ppm (t1)

13C NMR spectrum of S14

S37



— 5000C

|stl

lEST

T

LWALT—

BBYE -

-
9999 ——

T0L9 ——.\ Iv
L9 N AI
1SL9 @
0869 ——
9L ——
9L ———
sz —

/
L
v

|

VA i

~

e

T 3.04
T2

| 3.02

| 308
8ot

| res

= 0.29

1 287
T 1.00
7 394

0.0

10

2.0

3.0

50

6.0

7.0

8.0

rrrrrJjryrrr1ryrrrryprrrryrrrorfrrr o[ 11 |11 T T T T 1T
4.0

ppm (1)

'H NMR spectrum of S15

—3000C

— 2000C

— 1000C

o
1 1 1 1 1
e —— U |
1200 B
AL
60E'LE = \\J
52T LT =
S89'Sh =
22525 =
6289 ——
T ——
STl —— )
KIS
./
ZS6BLL
£2EIZL — .5 O
09r'9zL S .
O\ —— ]
LLLAZE —— / N ~ —
0L9°82L . O _ o
20€°0Ch S5 -_—
Z90FEL s = -
S90°2€1 < Iv e
cereel @ =
gegerl — i
85897l R

I
100

ppm (t1)

13C NMR spectrum of S15

S38



=2 3 2 <
[=] [=] [=] [=]
(=] (=] (=3 o
=t () o™ , (=]
7 1 1 1 1 1 1
000°0 -
)
T o ——~= 609
)
_ o Lo—eom
— =
i
9zZ'€ o = T F785
]
1
i
vZey = e — S, 800
—— —=——— 3200
_ \‘LL > 2
—t
—— e 100
_—— 204

15000

10000

50000

0.0

eI ——
L 8r0 0 —— "

0600 ——

1.0

16881

20

096Gy
9L€°LG

4.0 3.0
'H NMR spectrum of 9

50

28 G ——
L8 LL ——— >

9Lzl —_
999421 E

- ol —
P8 IEL ———
L zZav'Lil

620°05)
GZB'ESL

T
ppm (1)

50

I
100

I
150

ppm {t1)

13C NMR spectrum of 9

S39



3 ] 3 3 3 3
[=] Q [=] Q Q Q
(=] Q Q (=] (=] o
o n <t ® o~ - o
1 L Il 1 L 1 1 L L L L L 1
00070 - e
9Lz
WMMM - —_ 2 805
o804
600t — =20
2
S
e o
o7
—
0€L9 ——, /’QW
PPLO ——\
0989 —— %, B B 2 i
vi8'9 Sy _ _ < L 203
960 L — ) 7 00
0ols i
\9gL —— -

0.0

1.0

20

3.0

4.0

50

ppm (1)

'H NMR spectrum of S16

40000

30000

20000

10000

9v9'9g

L2L0%

198°LG

1G8'9L

e0LL ———;

viziL ———

ZiLoll
52021
085621
046°08k

¥65°051

L_s

Br

N I I N
Br

L

50

100

I
150

ppm (t1)

13C NMR spectrum of S16

5S40



80000
70000
50000
0000
40000
30000
20000
10000

5

4000C

3000C
2000(
1000C

0000 —— == o

LOLO-

L (44 44

b BEGGE ——
Z09°6e —

+ €18°1Ls

r4{YR:7]
£2694 ——— ™

0

5

GeL'LL

€128k ——

180021 JM,,
€00z} \
057’8z} W
08582 ——\ N
961 621 N
- L 0262l ——
L LIF0EL ——
KGOSk
o 8Er'IEL
© ZLL B ——

i e8lLerl ——

'H NMR spectrum of S17

T
ppm (t1)

S41

100

13C NMR spectrum of S17

0

5

200

ppm (1)




P TPV W TSN OO WO - el <+ B
TONC-—CDDE TN D~ D~ OD < o o =
OMOODDY TT OO ONN OO @ ~@© o -
WO INIMNNNMNMNNNNMNN NN © (S} =4
N ] o
\ =R L
— 3000C
— 2000C
— 1000C
\ |
J I Jk . »
HJ - L -
N © o
o o =] [
=] [is] o
LA Y L B O B B T T L I
9.0 8.0 7.0 6.0 50 4.0 20 1.0 0.0
ppm (1)
o |—2s00¢
[—2000C
— 1500C
— 1000C
—5000¢C

pom (t1)

150 100

13C NMR spectrum of S18

542




<]
(=]
(=]
s (=)
1
£€00- ——— - ik
- _— - 500
i
!
—— ——" 801
|
J
IEi) e — - N - 8.10
L
1
w
C S —— == 7 100
- \ |
=z i
e ——— =’ 108
\‘l\/ g S -+ 097

|
0.0

5.0

ppm (t1)

"H NMR spectrum of S19

2500

2000C

1500C

1000C

5000C

-5000

SerLG

|

821621
£9Z'621
Zrezl ——
Z6T0E} -
19E°0E} .
988'ZEL )
§68661 ——
9Z9'6EL \
sllest —
Z00'gr | ~
TIEVSH e
S PSL ——

-

100

50

150

ppm (1)

13C NMR spectrum of S19

S43



EN = = D O OO NTONT O ORND NOD2TARATHLD O OO =~ O TOoONORM Q
ICoREI g IONT S BOL QRRED —GSEREBE S0 T o D WTT O N — =1
IWRQQOOD IR YT ANAN N =0000 NN K aanaaa 0 =]
L O T i S L L L R e e T L L L L L L S L A L S N T - (o Nl L Ol o
|
1 |
| [}
| ‘
b
L 'lu ! A FAY |
| FLISERYR "0 | W o omm ol oo o m erge e i g, 8 N S|
]LITI_ILH\_ITII_I 0 ) L Uy
G L IR b 0 RES
4D oo X0 © o o
B L OO OO o el =
T T T T T T L — LI— R — T U I
8.0 7.0 6.0 5.0 4.0 30 2.0 1.0 00

ppm (t1)

o @ oy
o e — -
LR & oo
oo e @ N
(R -
i L, o %
P
|
|
T T T T T T T T T T T T T T T T T T T T 1
150 100 50 0

ppm (1)

13C NMR spectrum of 11

S44

800C

700C

600C

500C

400C

300¢C

200¢

— 100C

-100

2000¢

10000



o o - o
(=] (=] [=] Q
Q (=] [=] =]
i=J < (=1 o
~ (o] o~ — o
1 ! 1 1 1 | 1
0000 -—
622'C N =, 1 3.05
B
20s —
zie - . < oas
67 =
]
}
008'c - —' +a0s
Qo
i
\‘SHO
<
=/
Fi
N
508'9 - )
g9 ——= QI —— 3402
z © “
ST —— & |
(R A ~ ,H/ — J a 2.00
\va
o
r
o

0.0

1.0

4.0

50

6.0

ppm (t1)

'"H NMR spectrum of S21

] <] a <1 ] =1 ] S
(= o (=] [=] (=] [ (=] bl
1 S is] S I} 5] =3 2
@ (o] o o -~ - ('3 v
Ik L1 Lot
980'ET .
SbG'6e - -
589°6E ——
L —
£O6'6E ——
oy ——
oseop —— - B
gLy ——
15105 A
£92°€01
€901 -
28¢'1Z1 -
01921 -
o
W
"n=0
N
089°9F 1 r
#9516 7N -
‘/
Q
7N
v22°691 _
G
P=e
o

50

\
100

ppm (t1)

3C NMR spectrum of S21

S45



5000C

4000C
3000C
2000C
1000C

Looo

00S¢

S0EE

w@r'e

£9et

WhL——.

09274
£8LL —0\
9L L —— N

6141
166°L

008 —

1000¢C
5000C

o
o
o
o—
G
o
=
15}
D
o
o w2
R~
W 9886
s o
= 0
Axllcaumu
T — B L
P
o
Q
058'PEL ——_ Q
¥8G'GEL ———— Z %
5996V ———— M
=z
519G ——— Q
w=0
I
o
o
=]

ppm (1)

50

S46

100

13C NMR spectrum of 13

ppm (t1)




1500C

1000C
5000C

50

S47

2 3 & & = &
(=] Q Q (= (=] (=]
(=] (=} (=3 (=] (=] (=]
(=] o (=] [=] o (=]
© wn - © o~ — o
L 1 1 I; 1 L L L 1 Il 1 L Il Il 1 L
_— o
$00°0 _ =2
| o 90581
o
Jowm [T B
. @ PES oK
Seez - = =304
i = zer 05
o g
N S o =5 [
— ' 3415 m
5]
9]
Q. 618°01
L n 1£0°2L
o — 2410 L= o WLl ——
5 =
o
w £80°201
Il 89L°LLL
L9 O [ =2
95,9 ——+— 103
09,9 —— 7 5 [ Fecigel
2090 , L
€189 ST - |
£28'9 == =18 | o
1299 —— ] r~
09z'2 = R
. B i 0596k ———__
wwm.w - A T Tt L -
e 485681
o o
o e v20'191
I €
o
=%

13C NMR spectrum of 15

100

150

ppm (t1)



8 g3 g B
8 3% > =
& - < |- a0000
|- 25000
5 -
0=~ |- z0000
Oy N._0 i
s I
'x-:/"m_-:/] |- 15000
,_.N\] L
I 10000
[ | 50000
I L -
Yy Y | Y B
P = & = L
= 5 =
| T T T | T T T T I —
] 0.0
ppm (1)
'H NMR spectrum of S24
o @ © B D : C
[+ I - D = w =] o
e e o o % 0 = o 2 o ] L.
s o o — o = F o @ h 5 v 5 C
\2 w - o \"'_J o1 o~ ] — = ai 3 «:
== ol sl s 1 — = I—7o00C
N) M |—eo0ac
0 :
o __L\] —s000C
O, N.T..,o L
PN -
| L | <poac
Ny -
N C
[ [ 2000c
I 2000
| L
| B
i I = _
| I— 100ac
| A | L
i J ‘ . | __:
I—-1000
T T T T T T T T T T T I T T T T | a
150 100 ) i}
ppm (1)

13C NMR spectrum of S24

S48



4714

L'l —=

£l —=
| =

I

|—2000C

OH
[
Q0 N0

& '3
e

O

e

M

)]

]

o
&

)

114 145

150
pom (11}

13C NMR spectrum of 16



I 1500C

1000C
5000

4000C

9000~

—ESH—

cor'e
ehie

808°F

L ——.
5522 b/

€9 L —

989°L ——. 0\

00

5.0

'H NMR spectrum of S25

ppm (t1)

[A%%:14

yEO'Zh
16516 ——
200°28

0889L
0L LL i
yLess

16628 et

SIPEZL ——.

99567} ——=

859'lEL e
orLzer —

TTPSL ——
ovzeal .
S0L€9L —
9€€°491

3000C
2000C
1000C

50

S50

100

13C NMR spectrum of S25

150

200

ppm (1)



c000

0T —
B —

805¢ ——

€9C°C ——.
PeSE ——
i —
089'c

/
///

.\f/

WY

&

= 206

-—1.01

=08

0.0

5.0
'"H NMR spectrum of 17

ppm (t1)

50000
40000

30000

20000

1000¢

P95 6E
€046
P8 BE
L86'6E
(AN —

65C0F ——~
86€0F
125y
LL9'LG
EV8LG

A\

0699LL
0L9LLL

915zzl [/
051921 [/
PBLLZL [/
PO562L — >\
55 1EL ———
899'1EL ——
889ZEL

\Y

9Ge°GG L ———

LLLEDL e,

c0L'e9l
698691

\
100

I
200

ppm (t1)

13C NMR spectrum of 17

S51



9. HRMS spectra

LV1015-2#17 RT: 0.17 AV:1 NL: 3.54E8
T: FTMS + p ESIFull ms [150.0000-1000.0000]
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LV0917-5#25 RT:0.24 AV:1 NL: 9.57E9
T: FTMS + p ESIFull ms [100.0000-600.0000]
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LV0917-7 #23 RT: 0.22 AV: 1 NL: 4.60E9
T: FTMS + p ESIFull ms [100.0000-600.0000]
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LX1015-1#17 RT: 0.19 AV: 1 NL: 6.96E7
T: FTMS + p ESIFull ms [150.0000-1000.0000]
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#7-22 RT: 0.07-0.21 AV: 16 NL: 5.25E8
T: FTMS + p ESI Full ms [150.0000-1000.0000]
257.9945

Relative Abundance
@
S

2392246 339.2335 439.1606 472.3205

2246 || 281.1138 | 3771086 4132657 | 515.1920 5930023 go51949 7122154 764.5738 837.1936 8736268 9224382 985.7088
ey B e B e e A
200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000

HRMS spectrum of S10

#21 RT: 020 AV:1 NL:270E9
T: FTMS + p ESI Full ms [150.0000-600.0000]
415.1691

© © 2
.89

@
&

o N N
G S

@
&
I TR ST AR AT ST TR R AT

@
3

o
&

Relative Abundance
Y
H 3

IS
S

)
S
Lot T e tn o Ted o Toedn

w
&

419.1591

N
]

N
S

=

>

2

400.1442
475.1899
2421535 261.1305 292.1364 312.3257 336.1801 354.1911 386.1963 437.1928 | 491.2003 520.3326 536.3521 557.2680 597.2394
LA UL L L L e s e S S S e e B U B S B R e
220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600
miz

HRMS spectrum of S11

S57



7 RT:0.26 AV:1 NL:3.16E7
T: FTMS + p ESI Full ms [150.0000-1000.0000]
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LV5024-3 #17 RT:0.19 AV:1 NL: 3.13E9
T: FTMS + p ESIFull ms [150.0000-1000.0000]
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LX0705-3#23 RT: 0.24 AV:1 NL:7.49E7
T: FTMS + p ESIFull ms [150.0000-1000.0000]
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LX0626-2 #19 RT: 0.20 AV: 1 NL: 9.40E8
T: FTMS + p ESIFull ms [150.0000-1000.0000]
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Relative Abundance
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YX1113-2#17 RT: 0.16 AV:1 NL: 2.19E8
T: FTMS + p ESIFull ms [150.0000-1000.0000]
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GCMO0605-2 #16-22 RT: 0.17-0.22 AV:7 NL: 1.27E8
T. FTMS - p ESI Full ms [150.0000-600.0000]
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GCMO0605-3#18 RT: 0.19 AV: 1 NL: 2.62E8
T: FTMS - p ESIFull ms [150.0000-600.0000]
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WLF101-1#15 RT: 0.16 AV:1 NL: 5.69E7
T: FTMS + p ESIFull ms [150.0000-1000.0000]
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YX1102-2#18 RT: 0.18 AV:1 NL: 2.50E8
T: FTMS - p ESI Full ms [150.0000-1000.0000]
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