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Chemical Synthesis 
All commercially available reagents and solvents were obtained from Sigma-Aldrich, 

Apollo Scientific, Alfa Aesar, Fluorochem, VWR or Fischer Scientific and were used without 
further purification. Melting points were recorded on Stuart SMP30 melting point apparatus and 
are uncorrected. Infrared spectra were recorded in the range 4000 – 600 cm-1 using a 
Shimadzu IRAffinity-1S FTIR Spectrophotometer as a thin film. Bruker Ascend 400 at 400 MHz 
for 1H spectra or at 100 MHz for 13C spectra. Chemical shifts (δ) are quoted in parts per million 
(ppm) using the abbreviations: s: singlet; d: doublet; dd: double of dublets; t: triplet; quart: 
quartet; quint: quintet. Signals that could not be interpreted were designated multiplets (m) or 
broad (br). Coupling constants J are quoted in Hz. High resolution accurate mass 
measurements were collected by King’s College London mass spec service with an Acquity 
UPLC coupled to a Xevo G2-XS QTOF. UV – VIS measurements were carried out by 
PerkinElmer LAMBDA 465 UV/Vis Spectrophotometer in quartz cuvettes. Fluorescence was 
measured with an Agilent Cary Eclipse Fluorescence Spectrophotometer in quartz cuvettes. 
VWR silica gel 60 (40-63 micron) was used for column chromatography; the samples were 
pre-absorbed onto silica 60 (40-63 micron). Teledyne ISCO CombiFlash Rf+ was used for flash 
chromatography. Air and moisture sensitive reactions were carried out in oven dried glassware 
under a nitrogen atmosphere. Microwave reactions were carried out in a Biotage Initiator+ 
microwave synthesizer. Thin layer chromatography was performed on VWR silica gel 60 F254. 
Thin layer chromatography results were analysed by UV lamp (254 nm), ninhydrin stain 
(amine, amide content) and/or ceric ammonium molybdate stain. 
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Synthetic Scheme for Rosamine Probes 2 and 3 
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Synthetic Scheme for Rhodamine Probe 4 
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3,6-dihydroxy-9H-xanthen-9-one 61 

A suspension of 2,2‘,4,4‘tetrahydroxybenzophenonein 5 (1.60 g, 6.80 

mmol) in distilled water (20 mL) was stirred and heated for 3 h at 200 

°C in a microwave reactor. After the reaction mixture was cooled down 

to room temperature, it was filtered and washed with hot water (80 - 90 

°C) to give the pure product as a peach-coloured fluffy solid (1.38 g, 89%). Mp: 358 °C 

(decomposed); 1H NMR (400 MHz, DMSO-d6) δH 10.85 (2H, br s , 3-OH), 7.99 (2H, d, J 8.8, 

4-H), 6.86 (2H, dd, J 8.8, 2.4, 2-H), 6.82 (2H, d, J 2.0, 1-H); 13C NMR (101 MHz, DMSO-d6) δc 

174.4 (9-C), 163.8 (3-C), 157.9 (4a-C), 128.2 (1-C), 114.5 (9a-C), 114.1 (2-C), 102.6 (4-C); IR 

: νmax/cm-1 3127 (O-H), 1612 (C=O), 1247 (C-O); HRMS : Found (M+H)+ 229.0515. Calcd. for 

C5H11ON6: (M+H)+ 228.0495. 

9-oxo-9H-xanthene-3,6-diyl bis(trifluoromethanesulfonate) 71 

To a solution of 3,6-dihydroxy-9H-xanthen-9-one 6 (3.32 g, 14.6 

mmol) in dichloromethane (60 mL) at 0 °C was added pyridine (146.0 

mmol, 11.8 mL) and the mixture was stirred for 15 minutes. Triflic 

anhydride (5.88 mL, 35.0 mmol) was added dropwise to the reaction 

mixture at 0 °C, and the resulting solution stirred overnight at room temperature. After the 

reaction was complete, it was quenched with 1M aqueous HCl solution (30 mL). The organic 

phase was washed with brine (2 x 40 mL), dried over MgSO4, and evaporated under reduced 

pressure to give the product as butter-coloured crystals (7.06 g, 98%). Mp: 113 - 115 °C). 1H 

NMR (400 MHz, CDCl3) : δH 8.47 (2H, d, J 8.8 Hz, 1-H), 7.52 (2H, d, J 2.4 Hz, 4-H), 7.38 (2H, 

dd, J=8.8 Hz, J=2.4 Hz, 2-H); 13C NMR (101 MHz, CDCl3) δc 174.5 (9-C), 156.6 (4a-C), 153.4 

(3-C), 129.6 (1-C), 121.4 (9a-C), 118.7 (JC-F=322.2, 12-C), 118.2 (2-C), 111.4 (4-C); 19F NMR 

(376 MHz, CDCl3) δF 72.5 (12-F); νmax/cm-1 1664 (C=O), 1611 (C=O), 1420 (S=O), 1206 (C-

O), 1134 (S=O), 1119 (C-F); HRMS: Found (M+H)+ 492.9470. Calcd. for C15H6F6O8S2: (M+H)+ 

492.9487. 

Di-tert-butyl 4,4'-(9-oxo-9H-xanthene-3,6-diyl)bis(piperazine-1-carboxylate) 82 

To the solution of 9-oxo-9H-xanthene-3,6-diyl 

bis(trifluoromethanesulfonate) 7 (3.00 g, 6.1 

mmol) in DMSO (30 mL), was added Boc-

piperazine (11.35 g 61.0 mmol) in one portion 

and the resulting mixture heated overnight at 

90 °C. After the reaction was complete, it was 

cooled to room temperature and quenched with saturated aqueous Na2CO3 solution (30 mL). 

The precipitate was filtered, washed with water and dried to give the crude product as yellow 

solid (8.00 g). The crude was purified by recrystallization from ethyl acetate and hexane solvent 

mixture to give the title product as yellow crystals (1.15 g, 33%). Mp: 217 - 219 °C; 1H NMR 

(400 MHz, CDCl3) δH 8.16 (2H, d, J 8.8, 1-H), 6.89 (2H, dd, J 8.8, 2.0, 2-H), 6.69 (2H, J 2.0, 4-

H), 3.63 (8H, t, J 4.8, 11-H), 3.40 (8H, t, J 5.2, 10-H), 1.51 (18H, s, 14-H). 13C NMR (101 MHz, 

CDCl3) δc 175.1 (9-C), 158.1 (4a-C), 155.0 (3-C), 154.6 (12-C), 127.8 (1-C), 114.0 (9a-C), 

111.6 (2-C), 100.3 (4-C), 80.3 (13-C), 47.4 (10-C), 43.0 (br s, 11-C), 28.4 (14-C); νmax/cm-1 

1676 (C=O), 1606 (C=O), 1233 (C-O); HRMS (Found (M+H)+ 565.3098. Calcd. for C31H41O6N4: 

(M+H)+ 565.3026.).  
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4-(tert-butoxycarbonyl)-1-(6-(4-(tert-butoxycarbonyl)piperazin-1-yl)-9-(2,6-dimethoxyphenyl)-

3H-xanthen-3-ylidene)piperazin-1-ium chloride 92 

To the solution of 1,3-dimethoxybenzene 

(0.49 g, 3.50 mmol) in dry tetrahydrofuran (5 

mL) at 0 oC under a nitrogen atmosphere, 

was added dropwise 2.5 M solution of n-butyl 

lithium in tetrahydrofuran (1.4 mL, 3.50 

mmol), and the resulting solution stirred 

overnight at room temperature to give 

suspension A, which was then added to a 

solution of di-tert-butyl 4,4'-(9-oxo-9H-xanthene-3,6-diyl)bis(piperazine-1-carboxylate) 8 (0.40 

g, 0.71 mmol) in dry tetrahydrofuran (10 mL) at 0°C under nitrogen atmosphere with a canule. 

The orange solution generated was stirred overnight at room temperature. After the reaction 

was complete, it was quenched with 2 M HCl (1.8 mL), and dichloromethane added (30 mL). 

The organic layer was washed with water (30 mL), brine (30 mL), dried over MgSO4, filtered 

and the solvent evaporated under reduced pressure to give the crude product as a dark purple 

solid (0.87 g). This crude compound was purified by column chromatography (eluent: 

dichloromethane – methanol, 0% - 8%) to give the pure product as a dark solid with a golden 

shine (0.33 g, 65%). Mp: 215 °C (decomposed); 1H NMR (400 MHz, CDCl3) δH 7.50 (1H, t, J 

8.4, 13-H), 7.31 (2H, d, J 9.6, 1-H), 7.23 (2H, dd, J 9.6, 2.4 Hz, 2-H), 7.14 (2H, d, J=2.4 Hz, 4-

H), 6.73 (2H, d, J 8.8, 12-H), 3.81 (8H, br m, 15-H), 3.66 (8H, m, 16-H), 3.64 (6H, s, 14-H), 

1.47 (18H, s, 19-H); 13C NMR (101 MHz, CDCl3) δc 158.4 (3-C), 157.5 (11-C), 157.1 (4a-C), 

155.4 (9-C), 154.5 (17-C), 132.6 (13-C), 132.1 (1-C), 115.6 (9a-C), 115.1(2-C), 108.5 (10-C), 

104.2 (10-C), 97.9 (4-C), 80.7 (18-C), 56.0 (14-C), 47.1 (15-C), 43.1 (16-C), 28.4 (19-C); 

νmax/cm-1 1701 (C=O), 1342 (C-N), 1220 (C-O); HRMS (Found (M+H)+ 686.3690. Calcd. for 

C39H50O7N4: (M+H)+ 686.3669.). 

1-(9-(2,6-dimethoxyphenyl)-6-(piperazin-1-ium-1-yl)-3H-xanthen-3-ylidene)piperazine-1,4-

diium chloride 10 

4-(tert-butoxycarbonyl)-1-(6-(4-(tert-

butoxycarbonyl)piperazin-1-yl)-9-(2,6-dimethoxyphenyl)-3H-

xanthen-3-ylidene)piperazin-1-ium chloride 9 (0.34, 0.47 

mmol) was dissolved in a solution of 2M HCl in diethyl ether 

(10 mL), and stirred overnight. After the reaction was 

complete, the precipitate was collected by filtration, and 

washed with diethyl ether (20 mL) to give the product as a 

red solid (0.21 g, 75%). Due to its slight hygroscopic nature 

it was dissolved in water, and freeze dried for easier handling. Mp: 259 °C (melted and 

decomposed); 1H NMR (400 MHz, MeOD-d4) δH 7.68 (1H, t, J 8.8, 13-H), 7.47 (2H, d, J 10.0, 

2-H), 7.40 (2H, m, 1-H), 7.38 (2H, m, 4-H), 6.97 (2H, d, 8.8, 12-H), 4.11 (8H, t, J 5.2, 15-H), 

3.70 (6H, s, 14-H), 3.49 (8H, t, J 5.2, 16-H); 13C NMR (101 MHz, MeOD-d4) δc 159.8 (3-C), 

158.8 (11-C), 158.5 (4a-C), 134.1 (13-C), 133.2 (4-C), 117.0 (9a-C), 116.5 (2-C), 109.3 (10-

C), 105.3 (12-C), 99.2 (1-C), 56.4 (14-C), 45.0 (15-C), 43.9 (16-C); νmax/cm-1 3365 (N-H), 1580 

(N-H), 1240 (C-O), 1180 (C-N); HRMS: Found (M+H)2+ 243.1334. Calcd. for C29H34O3N4: 

(M+H)2+ 243.1310; Found (M)+ 485.2576. Calcd. For C29H33O3N4: (M)+ 485.2547. 
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4-(2-chloroacetyl)-1-(6-(4-(2-bromo/chloroacetyl)piperazin-1-yl)-9-(2,6-dimethoxyphenyl)-3H-

xanthen-3-ylidene)piperazin-1-ium chloride 11 

To a solution of compound 10 (0.20 g, 0.36 mmol) 

in dichloromethane (15 mL) and diisopropyl-

ethylamine (0.49 mL, 2.9 mmol) at 0 °C, was 

added chloroacetyl chloride (0.12 mL, 0.14mmol) 

dropwise. The resulting mixture was stirred for 3 

hours whilst warming up to room temperature. 

After the reaction was over, a mixture of 

chloroform and methanol (9:1 ratio) (45 mL) and 

0.5 M HCl (45 mL) were added to the reaction mixture. The aqueous phase was extracted with 

a further mixture of chloroform and methanol (9:1 ratio) (2 x 45 mL). The combined organic 

layers were washed with saturated NaHCO3 solution (2 x 30 mL), brine (2 x 30 mL), dried over 

MgSO4, fitered and concentrated under reduced pressure. The crude material (0.64 g) was 

purified by flash chromatography (eluent: dichloromethane – methanol 0 – 20%) to give the 

title compound as a dark purple solid (164 mg, 68%). Mp: 123 °C (melted and decomposed); 
1H NMR (400 MHz, CDCl3) δH 7.54 (1H, t, J 8.4, 13-H), 7.33 (2H, d, J 9.6, 1-H), 7.22 (2H, dd, 

J 2.4, J 9.2, 2-H), 7.15 (2H, d, J 2.4, 4-H), 6.74 (2H, d, J 7.6, 12-H), 4.24 (4H, s, 18-H), 4.04 

(4H, m, 15a-H), 3.92 (4H, m, 16a-H), 3.83 (4H, m, 16b-H), 3.80 (4H, m, 15b-H), 3.65 (6H, s, 

14-H). 13C NMR (101 MHz, CDCl3) δC 165.9 (17-C), 158.4 (4a-C), 157.5 (11-C), 157.1 (3-C), 

156.0 (9-C), 132.7 (13-C), 132.2 (1-C), 115.7 (9a-C), 115.1 (2-C), 108.3 (10-C), 104.2 (12-C), 

98.0 (4-C), 56.0 (14-C), 47.2 (15a-C), 46.4 (15b-C), 45.2 (16a-C), 41.5 (16b-C), 41.2 (18-C); 

νmax/cm-1  1643 (C=O), 1015 (C-O), 779 (C-Cl); HRMS: Found (M)+ 637.1987. Calcd. For 

C33H35O5N4Cl2: (M)+ 637.1979. 

1-(9-(2,6-dimethoxyphenyl)-6-(4-(2-iodoacetyl)piperazin-1-yl)-3H-xanthen-3-ylidene)-4-(2-

iodoacetyl)piperazin-1-ium iodide 2 

To the solution of compound 20 (0.14 g, 0.21 mmol) 

in methanol (4 mL) and chloroform (9 mL) mixture 

sodium iodide (1.56 g, 10.4 mmol) was added and 

the mixture was heated at reflux temperature for 4 

hours under nitrogen atmosphere. After the reaction 

was complete, it was diluted with chloroform and 

methanol mixture (100 mL, ratio: 4:1). The solution 

was washed with 5% sodium ascorbate (30 mL), 1 

M potassium phosphate buffer (3 x 30 mL, pH=7), and after the addition of methanol (1.5 mL) 

once more with 1 M potassium phosphate buffer (30 mL). The organic phase was dried over 

Na2SO4 and the solvent was removed under reduced pressure. The residue was triturated with 

diethyl ether to give the pure product as metallic purple solid (0.13 g, 67%). Mp: 190 °C (melted 

and decomposed); 1H NMR (400 MHz, CDCl3) δH 7.49 (1H, t, J 10.8, 13-H), 7.28 (2H, d, J 9.2, 

1-H), 7.12 (2H, dd, J 2.4, 9.2, 2-H), 7.09 (2H, d, J 2.0 Hz, 4-H), 6.70 (2H, d, J 8.8, 12-H), 3.98 

(4H, m, 15a-H), 3.82 (4H, s, 18-H), 3.80 (8H, m, 16-H), 3.73 (4H, m, 15b-H), 3.60 (6H, s, 14-

H); 13C NMR (101 MHz, CDCl3) δC 167.3 (17-C), 158.4 (4a-C), 157.5 (11-C), 157.0 (3-C), 156.1 

(9-C), 132.8 (13-C), 132.2 (1-C), 115.7 (9a-C), 115.1 (2-C), 108.3 (10-C), 104.3 (12-C), 98.1 

(4-C), 56.1 (14-C), 46.9 (15a-C), 46.4 (15b-C), 46.2 (16a-C), 41.5 (16b-C), -3.44 (18-C); 

νmax/cm-1 1636 (C=O), 1224 (C-O); HRMS: Found (M)+ 821.0749. Calcd. for C33H35I2N4O5: (M)+ 

821.0691; UV/VIS (10.7 µM in water and 1 % DMSO): max= 553 nm, A2= 0.97; Fluorescence 

(1.07 µM in water and 0.1% DMSO): ex= 554 nm, Intensityex= 191 a.u.; em= 580 nm, 

Intensityem= 197 a.u. 
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1-(9-(2,6-dimethoxyphenyl)-6-(4-(prop-2-yn-1-yl)piperazin-1-yl)-3H-xanthen-3-ylidene)-4-

(prop-2-yn-1-yl)piperazin-1-ium chloride 3 

To the solution of compound 10 (0.25 g, 0.44 

mmol) in DMF (5 mL) was added N,N-

diisopropylethylamine (0.43 mL, 2.49 mmol) and 

the resulting solution stirred at room temperature 

for 20 minutes. Propargyl bromide (0.12 mL, 1.07 

mmol) was then added and the mixture stirred 

overnight at room temperature. After the reaction 

was complete, ethyl acetate (20 mL) and 

saturated NaHCO3 solution (20 mL) were added, and the aqueous phase washed with a 

mixture of isopropanol and dichloromethane (5 – 15 mL x 2). The combined organic phases 

were dried over MgSO4, filtered and evaporated under reduced pressure. The crude product 

was purified by flash chromatography (eluent: dichloromethane – methanol, 0 – 20 %) to give 

the pure product as a metallic purple solid (83 mg, 31%). Mp: 189 - 191°C; 1H NMR (400 MHz, 

CDCl3) δH 7.52 (1H, t, J 8.4, 13-H), 7.28 (2H, d, J 9.2, 1-H), 7.21 (2H, dd, J 2.4, 2-H), 7.08 (2H, 

d, J 2.4, 4-H), 6.74 (2H, d, J 8.4, 12-H), 3.82 (8H, t, J 4.8, 15-H), 3.65 (6H, s, 14-H), 3.38 (4H, 

d, J 2.4, 17-H), 2.76 (8H, t, J 4.8, 16-H), 2.26 (2H, t, J 2.0, 19-H); 13C NMR (101 MHz, CDCl3) 

δC 158.5 (4a-C), 157.6 (11-C), 157.1 (3-C), 155.1 (9-C), 132.7 (13-C), 132.1 (1-C), 115.5 (9a-

C), 115.2 (2-C), 108.6 (10-C), 104.3 (12-C), 97.9 (4-C), 78.0 (18-C), 74.1 (19-C), 56.2 (14-C), 

51.5 (16-C), 47.5 (15-C), 46.7 (17-C); νmax/cm-1 3380 (C-Halkyne), 1096 (C-O); HRMS: Found 

(M)+ 561.2916. Calcd. for C35H37N4O3
+: (M)+ 561.2860. UV/VIS (10.7 µM in water and 1 % 

DMSO): max= 555 nm, A2= 0.46; Fluorescence (1.07 µM in water and 0.1% DMSO): ex= 555 

nm, Intensityex= 70 a.u.; em= 581 nm, Intensityem= 71 a.u. 
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3-((tert-butyldimethylsilyl)oxy)-N-methylpropan-1-amine 12 

To the solution of 3-(methylamino)propan-1-ol (2.14 mL, 22.0 mmol) in 

dichloromethane (30 mL) was added TBDMS-chloride (3.73 g, 22.0 

mmol) and imidazole (2.09 g, 30.8 mmol), and the resulting solution 

stirred overnight at room temperature. After this time, the reaction was 

quenched with water (30 mL), and the aqueous layer was extracted with dichloromethane (3 x 

30 mL). The combined organic layers were washed with saturated NaHCO3 solution (30mL), 

brine (30 mL), dried over MgSO4, filtered and the solvent removed under reduced pressure. 

The crude material was purified by column chromatography (eluent: ethyl acetate – methanol 

10 – 20 % – saturated aqueous NH3 1%) to give the pure product as a colourless oil (3.23 g, 

72%). 1H NMR (400 MHz, CDCl3) δH 3.67 (2H t, J 6.0, 4-H), 2.66 (2H, t, J 7.2, 2-H), 2.42 (3H, 

s, 5-H), 1.85 (1H, br s, 1-H), 1.70 (2H, quint, J 6.8, 3-H), 0.88 (9H, s, 8-H), 0.04 (6-H); 13C NMR 

(101 MHz, CDCl3) δc 61.8 (4-C), 49.4 (2-C), 36.4 (5-C), 32.6 (3-C), 25.9 (8-C), 18.3 (7-C), -5.4 

(6-C); νmax/cm-1 3387 (N-H), 1095 (Si-O); HRMS. Found (M+H)+ 204.1824. Calcd. for 

C10H26NOSi: (M+H)+ 204.1778. 

3,6-bis((3-((tert-butyldimethylsilyl)oxy)propyl)(methyl)amino)-9H-xanthen-9-one 13 

To the solution of 9-oxo-9H-xanthene-3,6-diyl 

bis(trifluoromethanesulfonate) 7 (1.36 g, 2.8 

mmol) in DMSO (14 mL) was added 3-((tert-

butyldimethylsilyl)oxy)-N-methylpropan-1-amine 

12 (2.23 g, 11.0 mmol). The solution was stirred 

and heated at 110 °C in a microwave reactor for 6 

hours. After the reaction was complete, water (30 

mL) and dichloromethane (40 mL) were added to the mixture, and the aqueous phase 

extracted with dichloromethane (2 x 40 mL). The combined organic layers were washed with 

saturated Na2CO3 solution (40mL), brine (40 mL), dried over MgSO4, filtered and the solvent 

removed under reduced pressure. The crude was purified by column chromatography (eluent: 

hexane - ethyl acetate 20%) to give the pure product as pale yellow oil (0.48 g, 29%). 1H NMR 

(400 MHz, CDCl3) δH 8.10 (2H, d, J 8.8, 7-H), 6.70 (2H, dd, J 8.8, 2.4 Hz, 6-H), 6.49 (2H, d, J 

2.4, 4-H), 3.68 (4H, t, J 5.6, 11-H), 3.55 (4H, t, J 7.2, 9-H), 3.06 (6H, s, 8-H), 1.82 (4H, quint, J 

6.0, 10-H), 0.94 (18H, s, 14-H), 0.08 (12H, s, 13-H); 13C NMR (101 MHz, CDCl3) δc 175.1 (1-

C), 158.3 (2-C), 153.5 (5-C), 127.6 (7-C), 111.8 (3-C), 108.9 (6-C), 96.8 (4-C), 60.1 (11-C). 

49.2 (9-C), 38.6 (8-C), 30.1 (10-C), 26.0 (14-C), 18.3 (12-C), -5.4 (13-C); νmax/cm-1 1601 (C=O), 

1119 (Si-O); HRMS: Found (M+H)+ 599.3696. Calcd. for C33H54N2O4Si2: (M+H)+ 599.3695. 

(E)-3-((tert-butyldimethylsilyl)oxy)-N-(6-((3-((tert-butyldimethylsilyl)oxy)propyl)(methyl)amino)-

9-(2,6-dimethoxyphenyl)-3H-xanthen-3-ylidene)-N-methylpropan-1-aminium chloride 14 

To the solution of 1,3-dimethoxybenzene (1.04 g, 

7.51 mmol) in dry tetrahydrofuran (10 mL) at 0°C 

under nitrogen atmosphere, was added dropwise 

a 2.5 M solution of n-butyl lithium in 

tetrahydrofuran (3.0 mL, 7.51 mmol). The 

resulting solution was stirred overnight at room 

temperature to give a suspension which was 

added dropwise at 0 oC to a solution of compound 13 (0.90 g, 1.50 mmol) in dry tetrahydrofuran 

(20 mL) under a nitrogen atmosphere with a cannula. The resulting orange solution was stirred 

overnight at r.t.. After this time, the reaction was quenched with 2 M HCl (3.9 mL), and 

dichloromethane added (30 mL). The organic layer was washed with water (60 mL), brine (60 

mL), dried over MgSO4, filtered and the solvent was evaporated under reduced pressure to 
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give the crude product as dark purple oil (1.97 g). The crude material was purified by column 

chromatography (eluent: dichloromethane – methanol 2 - 6%) to give the pure product as dark 

solid with golden shine (0.81 g, 71%). Mp: 128 – 130 °C; 1H NMR (400 MHz, CDCl3) δH 7.53 

(1H, t, J 8.4, 18-H), 7.22 (2H, d, J 9.6, 7-H), 7.00 (2H, dd, J 9.6, 2.4, 6-H), 6.85 (2H, m, 4-H), 

6.74 (2H, d, J 8.4, 17-H), 3.73 (4H, t, J 6.8, 9-H), 3.68 (4H, t, J 5.2, 11-H), 3.65 (6H, s, 19-H), 

3.31 (6H, s, 8-H), 1.89 (4H, quint, J 6.4, 10-H), 0.91 (18H, s, 14-H), 0.06 (12H, s, 13-H); 13C 

NMR (101 MHz, CDCl3) δc  158.0 (3-C), 157.6 (16-C), 156.9 (5-C), 154.7 (1-C), 132.5 (18-C), 

131.6 (7-C), 114.5 (2-C), 114.3 (6-C), 108.6 (15-C), 104.2 (17-C), 96.4 (4-C), 59.6 (11-C), 56.1 

(19-C), 50.1 (9-C), 39.7 (8-C), 30.2 (10-C), 25.9 (14-C), 18.2 (12-C), -5.4 (13-C); νmax/cm-1 1096 

(C-O), 1068 (Si-O); HRMS: Found (M)+ 719.3998. Calcd. for C41H63N2O5Si2+: (M)+ 719.4270. 

(E)-N-(9-(2,6-dimethoxyphenyl)-6-((3-hydroxypropyl)(methyl)amino)-3H-xanthen-3-ylidene)-

3-hydroxy-N-methylpropan-1-aminium chloride 15 

To the solution of (E)-3-((tert-butyldimethylsilyl)oxy)-N-(6-

((3-((tert-butyldimethylsilyl)oxy)propyl)(methyl)amino)-9-

(2,6-dimethoxyphenyl)-3H-xanthen-3-ylidene)-N-

methylpropan-1-aminium chloride 14 (0.80 g, 1.06 mmol) 

in THF (10 mL) at 0 °C was added a solution of TBAF in 

THF (1.11 mL, 1M, 1.11 mmol), and the resulting solution 

stirred for 20 minutes at that temperature. After the reaction 

was complete, dichloromethane (10 mL) was added and the resulting organic layer washed 

with saturated aqueous NaHCO3 (3 x 10 mL). The aqueous phase was freeze dried to give a 

crude product that was purified by column chromatography (eluent: dichloromethane – 

methanol 10 - 50% then ethanol – water 0 - 40%) and purified by reversed phase flash 

chromatography (column: C18, eluent: water – methanol 0 - 100% and 0.1 % TFA) to give the 

product as purple solid (0.45 g, 70%, containing 23 mol% TBAF). Mp: 193 – 194 °C; 1H NMR 

(400 MHz, MeOD-d4) δH 7.62 (1H, t, J 8.8, 16-H), 7.27 (2H, d, J 9.2, 7-H), 7.10 (2H, dd, J 9.6, 

2.4, 6-H), 6.98 (2H, d, J 2.0, 4-H), 6.91 (2H, d, J 8.4, 15-H), 3.77 (4H, t, J 7.2, 9-H), 3.70 (6H, 

s, 17-H), 3.66 (4H, t, J 5.6, 11-H), 3.30 (6H, s, 8-H), 1.92 (4H, quint, J 6.0, 10-H); 13C NMR 

(101 MHz, MeOD-d4) δc 157.9 (3-C), 157.7 (14-C), 157.1 (5-C), 154.7 (1-C), 132.3 (16-C), 

131.2 (7-C), 114.1 (2-C), 114.0 (6-C), 108.6 (13-C), 104.0 (15-C), 95.9 (4-C), 58.3 (11-C), 55.1 

(17-C), 49.5 (9-C), 38.2 (8-C), 29.6 (10-C); νmax/cm-1  3372 (O-H), 1099 (C-O); HRMS: Found 

(M)+ 491.2380. Calcd. for C29H35N2O5: (M)+ 491.2540. 

(E)-N-(9-(2,6-dimethoxyphenyl)-6-(methyl(3-((methylsulfonyl)oxy)propyl)amino)-3H-xanthen-

3-ylidene)-N-methyl-3-((methylsulfonyl)oxy)propan-1-aminium iodide 16 

To the solution of compound 15 (0.20 g, 0.38 mmol) in 

anhydrous dichloromethane (6.0 mL) was added 

trimethylamine (0.32 mL, 2.28 mmol). After the solution 

was cooled down to 0 °C, methanesulfonylchloride (0.18 

mL, 2.28 mmol) was added dropwise, and the resulting 

solution stirred at this temperature for 5 hours. After this 

time, the reaction was quenched with saturated aqueous 

ammonium chloride solution (10 mL), and the aqueous phase was extracted with 

dichloromethane (3 x 10 mL). The combined organic layers were washed with aqueous 

saturated KI solution (10 mL), dried over MgSO4, filtered and concentrated under reduced 

pressure. The resulting crude product was used in the next step without further purification and 

characterization. 
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(E)-3-azido-N-(6-((3-azidopropyl)(methyl)amino)-9-(2,6-dimethoxyphenyl)-3H-xanthen-3-

ylidene)-N-methylpropan-1-aminium iodide 4 

To the solution of crude compound 16 (0.38 mmol) in dry 

dimethylformamide (6.0 mL) behind a blast shield, was added 

NaN3 (0.49 g, 7.60 mmol) using a plastic spatula portion-wise. 

The resulting mixture was stirred at 40 °C for 16h. After this 

time, the solvent was removed under reduced pressure and 

the residue dissolved in dichloromethane (10 ml), which was 

washed with aqueous saturated KI solution (10 mL), dried over 

MgSO4, filtered and then removed under reduced pressure. The crude product was purified by 

column chromatography (eluent: dichloromethane methanol (0 – 5%)), and again by reversed 

phase flash chromatography (C18, eluent: water – methanol – TFA (0.1%)) to give the product 

as metallic purple solid (0.15 g, 83%). Mp: 88 – 89 °C; 1H NMR (400 MHz, CDCl3) δH 7.54 (1H, 

t, J 8.4, 15-H), 7.26 (2H, d, J 9.6, 7-H), 6.92 (2H, dd, J 9.6, 2.4, 6-H), 6.88 (2H, d, J 2.4, 4-H), 

6.75 (2H, d, J 8.4, 14-H), 3.71 (4H, t, J 7.2, 9-H), 3.66 (6H, s, 16-H), 3.47 (4H, t, J 6.0, 11-H), 

3.27 (6H, s, 8-H), 1.96 (4H, quint, J 6.4, 10-H). 13C NMR (101 MHz, CDCl3) δc 158.1 (3-C), 

157.6 (13-C), 156.8 (5-C), 155.5 (1-C), 132.6 (15-C), 131.9 (7-C), 114.8 (2-C), 113.9 (6-C), 

108.5 (12-C), 104.1 (14-C), 96.7 (4-C), 56.0 (16-C), 50.3 (9-C), 48.6 (11-C), 39.4 (8-C), 26.6 

(10-C); νmax/cm-1  2095 (N=N-N), 1099 (C-O); HRMS: Found (M)+ 541.2747. Calcd. for 

C29H33N8O3: (M)+ 541.2670. UV/VIS (10.7 µM in water and 1 % DMSO): max= 558 nm, A2= 

0.76; Fluorescence (107 nM in water and 0.01% DMSO): ex= 557 nm, Intensityex= 127 a.u.; 

em= 580 nm, Intensityem= 127 a.u. 
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NMR Spectra, Mass Spec and IR Data 
 

3,6-dihydroxy-9H-xanthen-9-one 6 

1H NMR  

 

13C NMR  
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MEOH

m/z
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800 820 840 860 880 900 920 940 960 980 1000

%

0

100

190207_LK004A 141 (1.317) AM2 (Ar,22000.0,556.28,0.00,LS 10); ABS; Cm (139:144) 1: TOF MS ES+ 
6.71e7229.0515

182.9859

169.9779158.9617

141.9579

128.9489117.9321
96.958056.3735

68.3631

186.9577

201.0551
228.0424

204.9672

230.0538

231.0559

279.0939

232.0588
268.5365

373.9728
328.9774

303.8844
280.0971 325.9954

370.0056
343.9630 362.0443

602.0156476.0654374.9755
386.9955 450.9943428.9014

490.9000 557.0171
546.9873

519.9057
590.0872

784.0522604.0204 619.0040 673.9442651.9924
681.8295 701.9462 774.0236

744.8672
718.9420

900.9782812.2493 837.0764 869.0142
845.0863

883.9982
909.8704

931.0184 962.8682
938.9082

977.8878

IR 

MS 
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9-oxo-9H-xanthene-3,6-diyl bis(trifluoromethanesulfonate) 7 

1H NMR 

 

13C NMR 
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19F NMR 

 

 

 

 

 

IR 
MS 
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Di-tert-butyl 4,4'-(9-oxo-9H-xanthene-3,6-diyl)bis(piperazine-1-carboxylate) 8 

1H NMR 

 

13C NMR 
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MS 

IR 
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4-(tert-butoxycarbonyl)-1-(6-(4-(tert-butoxycarbonyl)piperazin-1-yl)-9-(2,6-dimethoxyphenyl)-3H-xanthen-3-ylidene)piperazin-1-ium chloride 9 

1H NMR 

 

13C NMR 
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LK014A 0.01mg/ml

m/z
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800 820 840 860 880 900 920 940 960 980 1000

%

0

100

190318_LK014A_1 232 (2.155) Cm (230:234) 1: TOF MS ES+ 
9.39e7686.3690

573.2394

485.2576

469.2263

439.2144 453.2029

470.2287

529.2457

486.2589

530.2490

629.3014

574.2393

575.2402

685.6454

685.3347

630.3029

631.3051

687.3666

688.3703

688.7677

IR 

MS 
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1-(9-(2,6-dimethoxyphenyl)-6-(piperazin-1-ium-1-yl)-3H-xanthen-3-ylidene)piperazine-1,4-diium chloride 10 

1H NMR 

 

13C NMR 
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LK018A 0.01mg/ml

m/z
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800 820 840 860 880 900 920 940 960 980 1000

%

0

100

190318_LK018A_1 73 (0.700) Cm (73:75) 1: TOF MS ES+ 
1.30e7485.2576

243.1334

162.4240

158.9608

182.9862

162.7580

169.9769
186.9579

192.1391

221.6110

243.6315

442.2132

244.1332

443.2164

486.2589

487.2612

IR 

MS 
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4-(2-chloroacetyl)-1-(6-(4-(2-bromo/chloroacetyl)piperazin-1-yl)-9-(2,6-dimethoxyphenyl)-3H-xanthen-3-ylidene)piperazin-1-ium chloride 11 

1H NMR 

 

13C NMR 
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LK106 0.14mg/ml into methanol

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

%

0

100

200211_LK106 328 (3.048) 1: TOF MS ES+ 
5.52e6637.1978

141.9591 182.9833

639.1985

640.2026

641.1972

642.1977

IR 

MS 
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1-(9-(2,6-dimethoxyphenyl)-6-(4-(2-iodoacetyl)piperazin-1-yl)-3H-xanthen-3-ylidene)-4-(2-iodoacetyl)piperazin-1-ium iodide 2 

1H NMR 

 

13C NMR 
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m/z
50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800 825 850 875 900 925 950 975 1000

%

0

100

190425_LK031B 167 (1.563) Cm (166:169) 1: TOF MS ES+ 
2.97e7821.0749

821.0397

727.1635182.9862

186.9579

822.0779

823.0757

IR 

MS 
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Spectral Data 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

1-(9-(2,6-dimethoxyphenyl)-6-(4-(prop-2-yn-1-yl)piperazin-1-yl)-3H-xanthen-3-ylidene)-4-(prop-2-yn-1-yl)piperazin-1-ium chloride 3 

553.2319, 7.87E-02

553.2319, 
0.9696352
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-3.00E-01
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200 300 400 500 600 700 800

A
b

so
rb

an
ce
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553.9699707, 
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1H NMR 

 

13C NMR 
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3-((tert-butyldimethylsilyl)oxy)-N-methylpropan-1-amine 12 

 

LK114a 0.1mg/ml into methanol

m/z
515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 605 610 615 620 625 630 635 640

%

0

100

200310_LK114a_2 277 (2.576) 1: TOF MS ES+ 
7.95e6562.2907

561.2916

561.2576

531.2761

521.2579

563.2908

564.2966

IR 

MS 
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1H NMR 

 

 

13C NMR 
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LK053 0.022mg/ml into methanol

m/z
192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229

%

0

100

190724_LK053_nr1 192 (1.789) 1: TOF MS ES+ 
8.57e6204.1824

205.1808

206.1757

IR MS 
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3,6-bis((3-((tert-butyldimethylsilyl)oxy)propyl)(methyl)amino)-9H-xanthen-9-one 13 

1H NMR 

 

13C NMR 
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IR 

MS 
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(E)-3-((tert-butyldimethylsilyl)oxy)-N-(6-((3-((tert-butyldimethylsilyl)oxy)propyl)(methyl)amino)-9-(2,6-dimethoxyphenyl)-3H-xanthen-3-ylidene)-N-

methylpropan-1-aminium chloride 14 

1H NMR 

 

13C NMR 
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0.01 mg/mL

m/z
645 650 655 660 665 670 675 680 685 690 695 700 705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 805 810 815 820 825

%

0

100

190829 LK062A_nr1 610 (5.638) 1: TOF MS ES+ 
6.37e6720.4374

719.3998

689.4191

679.3611

690.4188

721.4373

722.4324

723.4282

IR 
MS 
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(E)-N-(9-(2,6-dimethoxyphenyl)-6-((3-hydroxypropyl)(methyl)amino)-3H-xanthen-3-ylidene)-3-hydroxy-N-methylpropan-1-aminium chloride 15 

1H NMR 

 

13C NMR 
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(E)-3-azido-N-(6-((3-azidopropyl)(methyl)amino)-9-(2,6-dimethoxyphenyl)-3H-xanthen-3-ylidene)-N-methylpropan-1-aminium iodide 4 

LK066A 0.01mg/ml into bufferA

m/z
450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 525 530 535 540 545 550 555 560

%

0

100

190926_LK066A_nr1 189 (1.763) 1: TOF MS ES+ 
7.28e6492.2636

491.2970

491.2380

475.2247

476.2289

493.2629

494.2633

496.7868

IR 

MS 
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1H NMR 

 

13C NMR 
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LK075A2 0.01mg/ml

m/z
385 390 395 400 405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 605

%

1

191015_LK075A2_nr1 243 (2.261) 1: TOF MS ES+ 
9.69e6541.2747

485.2560

428.1964

486.2573

513.2631

514.2556

542.2750

543.2714

IR 

MS 



38 
 

Supporting Information Biology 
 

Peptide Labelling 

Peptides corresponding to the C-helix of cardiac troponin C were custom-synthesized by 

ThermoFisher (>95% purity, TFA removal; peptide I sequence: NPTPCELQEMICEVDEDGS, 

peptide II sequence: NPTP[G]ELQEMI[G]EVDEDGS, peptide III sequence: 

NPTP[A]ELQEMI[A]EVDEDGS. ([G] – L-propargyl-glycine, [A] – L-azido-alanine,).  

For thiol-reactive labelling, peptide 1 was solubilized in reaction buffer (50 mmol/L HEPES pH 

7.5, 100 mmol/L NaCl and 50 mmol/L tris(2-carboxyethyl)phosphine) to a final concentration 

of 5 mmol/L. The peptide was further diluted to 50 mol/L in the same buffer and bifunctional 

rhodamine (BSR) or bifunctional rosamine (BRos) were added to a final concentration of 50 

mol/L from a 50 mmol/L stock solution in DMSO. The reaction was incubated at room 

temperature for 60 mins and subsequently analyzed by reverse-phase chromatography on a 

C18 RP column using an Agilent 1100 HPLC system with detection wavelengths of 215 nm 

and 530 nm for the peptide backbone and fluorophore, respectively. Peptides were eluted with 

a linear gradient of 5% (v/v) to 100% (v/v) acetonitrile in 0.1% (v/v) trifluoro acetic acid. 

For click reactions, peptides 2 and 3 were solubilized in 100 mmol/L potassium phosphate 

buffer pH 7, diluted to 50 mmol/L and equimolar amounts of either Azido-BRos or Propargyl-

BRos added. The reaction was started by adding a pre-mixed solution of CuSO4 and tris(3-

hydroxypropyltriazolyl-methyl)amine (THPTA) with final concentrations of 0.1 mmol/L and 0.5 

mmol/L, respectively, and a sodium ascorbate to final concentration of 5 mmol/L. Reactions 

were incubated for 60 mins at room temperature in the dark and analyzed by Reverse phase 

- HPLC as described above. 

Samples were further analyzed by mass spectrometry on an Agilent 6130B Single Quadrupole 

Mass Spec w/ Agilent 1200 MS/LC System with electron spray ionization (ESI) (Agilent 

Technologies). Peptides were eluted with a linear gradient of 5% (v/v) to 100% (v/v) acetonitrile 

in 0.1% (v/v) formic acid. 

Absorbance and fluorescence spectroscopy 

Absorbance spectra of fluorophores were collected in 10 mmol/L Tris-HCl pH 7 in a Mettler 

Toledo UV-VIS Easy photo-spectrometer in quartz cuvettes after background correction.  For 

probe concentrations >20 mml/L, the absorbance spectra were recorded on a ThermoFisher 

Nanodrop. Fluorescence spectra were collected in DMSO, methanol or 10 mmol/L Tris-HCl 

pH 7 a SpectraMax i3x plate reader using black 96-well plates with a resolution of 1 nm and 

bandwidth of 5 nm. 

Molecular Modelling 

Fluorophore structures were prepared in ChemDraw Suite 23 and energy minimized using 

the built-in MM2 force field calculations. Peptide structures were built in PyMol and linked to 

the fluorophore using built-in modelling functions. Conformers of the peptide-fluorophore 

complex were randomly sampled using the MMFF94 force field. 
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Supporting Information Figures 
 

 

Supplemental Information Figure S1. (A) Concentration dependence of PrG-BRos 

fluorescence (exc 500 nm; em 580 nm). Linear regression to data points for <40 mol/L is 

shown as a black continuous line (B) Normalized absorbance spectrum of PrG-BRos at 

different concentrations. The characteristic shoulder at 520 nm indicating fluorophore stacking 

is indicated by a black arrow. (C) Concentration-dependence of PrG-BRos absorbance at 555 

nm and linear regression to data points (continuous line). 
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Supplemental Information Figure S2. (A) Emission spectrum of PrG-BRos (purple), Azido-

BRos (blue) and IA-BRos (red) in DMSO, methanol and 10 mmo/L Tris HCl pH 7. (B) Emission 

spectrum of fluorophors at different glycerol concentrations % (v/v). (C) pH-dependence of 

fluorophore emission (exc 500 nm; em 580 nm). 

 

  



41 
 

Supporting Information Tables 
  

Supporting Information Table S1. Summary of mass spectrometry analysis of peptides 

before and after labelling with IA-Bros, Azido-Bros and PrGßBRos.  

 
calculated mass 

[Da] 
m/z found 

species and 

calculated mass 

[Da] 

unlabelled (cys)2-

peptide 
2109.3 1055.4 [M+2H+] 1054.9 

peptide crosslinked 

with IA-BRos 
2674.5 892.0 [M++2H+] 892.2 

unlabelled (PrG)2-

peptide 
2093.2 1048.6 [M+2H+] 1047.6 

peptide crosslinked 

with Azido-BRos 
2634.5 880.0 [M++2H+] 878.8 

unlabelled (Azido)2-

peptide 
2127.2 1066.0 [M+2H+] 1064.6 

peptide crosslinked 

with PrG-BRos 
2688.5 897.8 [M++2H+] 896.8 
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ESI of (a) unbound Peptide I and (b) bound to Bros-IA  

(a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ctrl 5uM

Time
0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.20 4.40 4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.00 6.20 6.40

%

0

100

200316_ctrl 1: TOF MS ES+ 
TIC

4.52e7

6.40
139.9910

6.03
439.3315

2.56
1055.4250

0.53
141.9591

6.21
394.3497

ctrl 5uM

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900

%

0

100

200316_ctrl 275 (2.558) 1: TOF MS ES+ 
4.64e51055.4249

1054.9330

141.9591

721.5948
158.9613

721.2651
182.9861

186.9549
329.0027

721.9247
860.8665

722.2657

722.5957

722.9368

982.9063

861.8755

1055.9303

1056.4357

1056.9280

1063.4446

1064.4458
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(b)  

 

 

 

 

 

rbf 5uM

Time
0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.20 4.40 4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.00 6.20 6.40

%

0

100

200316_rbf 1: TOF MS ES+ 
TIC

4.36e7

6.40
139.9910

6.15
394.3497

6.03
124.0879

2.60
892.0419

2.55
141.9591

0.53
141.9591

2.72
141.9591

rbf 5uM

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900

%

0

100

200316_rbf 273 (2.541) 1: TOF MS ES+ 
7.29e4141.9591

1055.4249

1054.9330

158.9613

182.9861

186.9549

327.0087

250.9995

721.5948

721.2651

331.0027

703.9590

721.9247

722.5957

722.9258

983.4068

1055.9303

1056.4357

1056.9280

1063.9518

1064.4458

1081.3778
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rbf 5uM

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900

%

0

100

200316_rbf 281 (2.610) 1: TOF MS ES+ 
1.86e5892.0419

891.6996

141.9591

158.9613

182.9861

186.9549

327.0087

250.9995

682.7610

682.2584

683.2637 858.3585

892.3719

1337.5529

892.7021

1337.0439

893.0445

909.6820

910.3364

910.6699

1338.0469

1338.5559

1339.0500

1339.5593
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