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Synthetic methods 

All starting materials and solvents were purchased from commercial vendors and used without further 
purification unless specified otherwise. Raney®-Nickel was purchased as a 50% slurry in water from 
Acros Organics (catalog number 395921000). Reactions were analysed by Thin Layer Chromatography 
(TLC) on pre-coated 0.20 mm thick ALUGRAM® TLC sheets with fluorescent indicator and by liquid 
chromatography mass spectrometry (LC MS) performed on a Prominence Ultra fast Liquid 
Chromatography system equipped with a 2x150 mm C18 analytical column (Waters X Bridge) coupled 
to a MS-2020 single quadrupole mass analyser (Shimadzu). A linear gradient of 5 to 90% acetonitrile in 
water (containing 0.1% formic acid) was used. Purity of compounds was assessed using 215 nm HPLC 
trace. The injection peak and peaks determined to be baseline variations that appear in all spectra were 
removed manually. HRMS spectra were acquired on a quadrupole orthogonal acceleration time of flight 
mass spectrometer (Synapt G2 HDMS, Waters, Milford, MA). Samples were infused at 3µL/min and 
spectra were obtained in positive ionization mode with a resolution of 15000 (FWHM) using leucine 
enkephalin as lock mass. Silica column chromatography was performed using 230-400 mesh silica 
(Kieselgel 60). NMR spectra were recorded in deuterated solvents as indicated and measured using a 
Bruker UltraShield 600 MHz NMR spectrometer. Chemical shifts are reported in ppm relative to the 
residual solvent peak and J-values are reported in Hertz.  
 



The azide precursors were synthesized based on previously described procedures [1,2]. The 
symmetrical BODIPY probes were synthesized as HCl salts based on previously described procedures 
[1, 2]. 

 
Figure S1. Synthesis of putrescine precursors, reagents and conditions: (a) Acrylonitrile, Et3N, MeOH, 0 °C → rt. 
(b) Boc2O, Et3N, MeOH, 0 °C → rt. (c) Raney®-Nickel, NaOH, 2.3 bar of H2, MeOH, rt. 

 
Figure S2. Synthesis of spermidine and spermine precursors, reagents and conditions: (a) EtTFA, MeOH, 0 °C → 
rt., then Boc2O. (b) NaOH(aq), MeOH, rt. (c) acrylonitrile, 0 °C → rt., then Boc2O. (d) Raney®-Nickel, ammonia, 3 bar 
H2, MeOH, rt.  



 
Figure S3. Conjugation of the fluorophore to the relevant protected polyamine. (a) CuBr, DIPEA, DCM, rt. (b) 
DIPEA, DCM, rt. (c) Et3N, DCM, rt. 
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Figure S4. Boc-deprotection of the relevant Boc-protected probe. (a) 4 M HCl/dioxane, rt. 
General procedures 

General procedure A for synthesis of Boc-protected BODIPY-FL-A-probes 
The relevant Boc-protected polyamine (1.2 eq) was dissolved in dichloromethane. 
Diisopropylethylamine (4.0 eq) was added followed by the BODIPY-FL 
N-hydroxysuccinimide ester (1.0 eq). The resulting solution was stirred overnight under argon 
atmosphere in the absence of light. The solvent was removed under a stream of nitrogen and 
the crude product was purified by silica chromatography (1/1 PE/EtOAc → PE/EtOAc 1/3). 

General procedure B for synthesis of Boc-protected BODIPY-FL-T probes 
The relevant Boc-protected polyamine (1.2 eq) was dissolved in dichloromethane. 
Diisopropylethylamine (4.0 eq) was added followed by copper bromide (0.5 eq). Subsequently, 
the relevant alkyne-BODIPY (1.0 eq) was added. The resulting suspension was stirred 
overnight under argon atmosphere in the absence of light. Following this, the mixture was 
washed three times using a saturated sodium bicarbonate solution. The solvent was then 
removed under a stream of nitrogen gas and the obtained crude product was purified using 
silica chromatography. 

General procedure C for synthesis of Boc-protected FITC probes 



The relevant Boc-protected polyamine (1.2 eq) was dissolved in dichloromethane. 
Triethylamine (4.0 eq) was added followed by FITC (1.0 eq). The resulting solution was stirred 
overnight under argon atmosphere in the absence of light. The solvent was removed under a 
stream of nitrogen and the crude product was purified by silica chromatography (5% MeOH 
in DCM + 1% AcOH). 

General procedure D for Boc-deprotection towards the final polyamine probes 
1.0 mL 4 M HCl/dioxane was added to the relevant Boc-protected polyamine probe (1.0 eq). 
The resulting solution was left to stand for 2.5 min per present Boc group generating colored 
precipitate. Following this, the solvent was removed in vacuo before dioxane was added. The 
resulting suspension was concentrated in vacuo. This was repeated two more times before the 
obtained solid was dissolved in water and lyophilised, yielding the final polyamine probe 
without further purification. 
tert-Butyl (4-((tert-butoxycarbonyl)amino)butyl)(2-cyanoethyl)carbamate (9) 
Putrescine (2.002 g, 1.0 eq) was dissolved in 18 mL of methanol after which the solution was 
purged via nitrogen gas bubbling for 20 minutes and left to stir under nitrogen atmosphere. 
The solution was cooled to 0 °C and acrylonitrile (1.5 mL, 1.0 eq) was added dropwise over 
the course of two hours after which the mixture was left to slowly warm to room temperature 
and further stirred for 24 hours. An additional 20 mL of methanol was added followed by 
triethylamine (20 mL, 6.3 eq). The mixture was cooled to 0 °C and Boc anhydride (15.039 g, 
3.0 eq) was added in portions. The reaction was left to stir overnight at room temperature. The 
solvent was removed in vacuo and the resulting crude oil purified using silica chromatography 
(4/1 PE/EtOAc → PE/EtOAc 2/1). Pure fractions were pooled and concentrated in vacuo 
resulting in a colorless oil (2.07 g, yield = 26%).  

ESI-MS: m/z calcd for C17H32N3O4 [M+H]+: 342.24; found: 342.15 

tert-Butyl (3-aminopropyl)(4-((tert-butoxycarbonyl)amino)butyl)carbamate (10) 
Nitrile 9 (318.3 mg, 1.0 eq) was added to a glass Parr® vessel and dissolved in 21 mL of 70% 
aqueous ethanol followed by the addition of 14 mL of a 1 M methanolic sodium hydroxide 
solution. Three scoops of Raney®-Nickel slurry (50% in water) were added and the formed 
suspension was put under an atmosphere of hydrogen at 2.3 bars and subsequently shaken 
overnight. The hydrogen atmosphere was removed and the suspension was filtered over a 
layer of Celite® 545. The filtrate was concentrated to a minimal volume in vacuo after which 
75 mL of dichloromethane was added and washed twice using 75 mL of a 0.1 M aqueous 
sodium hydroxide and once using 75 mL of water. The organic phase was dried using 
magnesium sulfate, filtered, and concentrated resulting in a yellow oil (0.313 g, yield = 97%) 
which was used as such in subsequent reactions.    

ESI-MS: m/z calcd for C17H36N3O4 [M+H]+: 346.27; found: 346.90 

tert-Butyl (4-((3-aminopropyl)(tert-butoxycarbonyl)amino)butyl)(3-((tert-butoxycarbonyl)
amino)propyl)carbamate (11) 
Spermine (1.37 g, 1.3 eq) was dissolved in 40 mL methanol and put under argon atmosphere. 
Ethyl trifluoroacetate (0.643 mL, 1.0 eq) was dissolved in 20 mL methanol and added dropwise 
at 0 °C over the course of 30 minutes while stirring vigorously. After addition, the solution 
was left to warm to room temperature. After three hours of further stirring, Boc anhydride 
(8.890 g, 7.5 eq) was added in portions. The resulting solution was left to stir overnight under 



argon atmosphere. A 2 M aqueous sodium hydroxide solution was added dropwise resulting 
in the formation of a white precipitate. This suspension was further stirred overnight under 
argon atmosphere after which the mixture was concentrated to a minimal volume. Water was 
added to obtain a total volume of 150 mL which was extracted three times using 150 mL 
chloroform. The organic phases were combined, dried using magnesium sulfate, filtered, and 
concentrated in vacuo. The resulting crude material was purified using silica chromatography 
(2% MeOH in DCM → 5 % MeOH in DCM → 5 % MeOH in DCM + 1% Et3N → 10% MeOH in 
DCM + 1% Et3N) resulting in a colorless oil (1.639 g, yield = 60%). 

ESI-MS: m/z calcd for C25H51N4O6 [M+H]+: 503.38; found: 503.35 

tert-Butyl (4-((tert-butoxycarbonyl)(3-((tert-butoxycarbonyl)(2-cyanoethyl)amino)propyl)a 
mino)butyl)(3-((tert-butoxycarbonyl)amino)propyl)carbamate (12) 
Acrylonitrile (0.146 mL, 1.0 eq) was added dropwise to a solution of amine 11 (1.122 g, 1.0 eq) 
in 6 mL methanol, cooled to 0 °C. The resulting solution was stirred overnight under argon 
atmosphere after which triethylamine (1.24 mL, 4.0 eq) was added followed by the addition of 
Boc anhydride (1.43 g, 2.9 eq) in small portions. The solution was stirred overnight before 
being concentrated in vacuo. The crude mixture was purified using silica column 
chromatography (2/1 PE/EtOAC → 1/2 PE/EtOAc) resulting in a colorless oil (0.974, yield = 
67%). 

ESI-MS: m/z calcd for C33H62N5O8 [M+H]+: 656.46; found: 656.45 

tert-Butyl (4-((3-((3-aminopropyl)(tert-butoxycarbonyl)amino)propyl)(tert-butoxycarbonyl
)amino)butyl)(3-((tert-butoxycarbonyl)amino)propyl)carbamate (13) 
Nitrile 12 (0.974 g, 1.0 eq) was dissolved in 10 mL of a 2 M methanolic ammonia solution 
followed by the addition of three scoops of a Raney®-Nickel slurry (50% in water). The 
resulting suspension was shaken overnight in a glass Parr® vessel under a hydrogen 
atmosphere of 3 bar. After removal of the hydrogen atmosphere solids were filtered off over 
Celite® 545. The filtrate was concentrated in vacuo and the obtained crude purified using silica 
chromatography (5% MeOH in DCM + 1% Et3N). Clean fractions were pooled resulting in a 
colorless oil (0.616 g, yield = 63%). 

ESI-MS: m/z calcd for C33H66N5O8 [M+H]+: 660.49; found: 660.50 

tert-Butyl (4-((tert-butoxycarbonyl)amino)butyl)(3-(4-((3-(5,5-difluoro-7,9-dimethyl-5H-4λ4,
5λ4-dipyrrolo[1,2-c:2',1'-f][1,3,2]diazaborinin-3-yl)propanamido)methyl)-1H-1,2,3-triazol-1-
yl)propyl)carbamate (6a) 
Prepared according to general procedure B using azide 16 (10.76 mg) as starting material. The 
crude was purified by silica chromatography (3% MeOH in DCM → 5% MeOH in DCM) 
resulting in a red solid (12.28 mg, yield = 61%). 

1H-NMR (600 MHz, DMSO-d6): δ = 8.42   8.37 (m, 1H), 7.88 (s, 1H), 7.64 (s, 1H), 7.03 (d, 1H, J = 
3.76 Hz), 6.77 – 6.72 (m, 1H), 6.29 (d, 1H, J = 3.80 Hz), 6.26 (s, 1H), 4.29 – 4.22 (m, 4H), 3.13 – 
3.01 (m, 7H), 2.89 – 2.82 (m, 2 H), 2.51 (s, 2H), 2.42 (s, 3H), 2.21 (s, 3H), 1.98 – 1.91 (m, 2H), 1.41 
– 1.22 (m, 19H), 1.13 (t, 2H, J = 7.27) 13C-NMR (150 MHz, DMSO-d6)(rotamers): δ = 170.78, 
159.20, 157.72, 156.85, 155.63, 155.15, 154.76, 154.48, 144.84, 144.13, 134.46, 132.96, 128.89, 
125.33, 122.81, 120.30, 116.62, 78.52, 77.37, 47.22, 46.35, 46.02, 45.74, 45.70, 43.84, 43.73, 34.35, 



34.23, 33.60, 29.03, 28.74, 28.26, 28.01, 26.88, 25.54, 25.12, 23.92, 23.29, 18.06, 16.72, 14.51, 10.99, 
8.61. 

ESI-MS: m/z calcd for C34H52BF2N8O5 [M+H]+: 701.41; found: 701.40 

tert-Butyl (4-((tert-butoxycarbonyl)(3-((tert-butoxycarbonyl)amino)propyl)amino)butyl)(3-
(4-((3-(5,5-difluoro-7,9-dimethyl-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'-f][1,3,2]diazaborinin-3-yl)p
ropanamido)methyl)-1H-1,2,3-triazol-1-yl)propyl)carbamate (6b) 
Prepared according to general procedure B using azide 17 (10.16 mg) as starting material. The 
crude was purified by silica chromatography (3% MeOH in DCM → 5% MeOH in DCM) 
resulting in a red solid (9.90 mg, yield = 65%). 

1H-NMR (600 MHz, DMSO-d6): δ = 8.36 (s, 1H), 7.88 (s, 1H), 7.60 (s, 1H), 7.00 (d, 1H, J = 3.82 
Hz), 6.67 (br s, 1H), 6.26 (d, 1H, J = 3.90 Hz), 6.23 (s, 1H), 4.29 – 4.17 (m, 4H), 3.11 – 2.96 (m, 
10H), 2.83 – 2.77 (m, 2H), 2.39 (s, 3H), 2.18 (s, 3H), 1.96 – 1.87 (m, 2H), 1.47 (br s, 2H), 1.37 – 1.19 
(br, s 33H) 13C-NMR (150 MHz, DMSO-d6)(rotamers): δ = 170.81, 159.20, 157.66, 155.55, 154.65, 
144.13, 134.44, 132.93, 128.86, 125.30, 123.13, 120.29, 116.59, 78.52, 78.29, 77.46, 47.23, 46.47, 
45.94, 44.40, 44.18, 43.84, 37.58, 34.26, 33.62, 28.90, 28.22, 28.01, 27.97, 25.57, 25.08, 23.90, 14.48, 
10.97. 

ESI-MS: m/z calcd for C42H67BF2N9O7 [M+H]+: 858.52; found: 858.50 

tert-Butyl (4-((tert-butoxycarbonyl)(3-((tert-butoxycarbonyl)amino)propyl)amino)butyl)(3-
((tert-butoxycarbonyl)(3-(4-((3-(5,5-difluoro-7,9-dimethyl-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'-f][
1,3,2]diazaborinin-3-yl)propanamido)methyl)-1H-1,2,3-triazol-1-yl)propyl)carbamate (6c) 
Prepared according to general procedure B using azide 18 (10.12 mg) as starting material. The 
crude was purified by silica chromatography (3% MeOH in DCM → 5% MeOH in DCM) 
resulting in a red solid (4.12 mg, yield = 45%). 

1H-NMR (600 MHz, DMSO-d6): δ = 8.42 (s, 1H), 7.94 (s, 1H), 7.67 (s, 1H), 7.06 (d, 1H, J = 3.84), 
6.72 (br s, 1H), 6.32 (d, 1H, J = 3.88), 6.29 (s, 1H), 4.34 – 4.25 (m, 3H), 3.18 – 3.01 (m, 16H), 2.90 
– 2.84 (m, 2H), 2.45 (s, 3H), 2.25 (s, 3H), 2.03 – 1.94 (m, 2H), 1.62 (br s, 2H), 1.54 (br s, 2H), 1.42 
– 1.31 (m, 41H) 13C-NMR (150 MHz, DMSO-d6)(rotamers): δ = 170.79, 159.20, 157.67, 155.55, 
154.64, 154.55, 144.12, 134.44, 132.94, 128.87, 125.30, 123.10, 120.29, 116.59, 78.60, 78.30, 78.27, 
77.45, 47.20, 46.36, 45.93, 45.77, 44.36, 44.14 ,43.82, 37.57, 34.26, 33.62, 28.88, 25.65, 25.11, 23.90, 
14.48, 10.97, 8.62. 

ESI-MS: m/z calcd for C50H82BF2N10O9 [M+H]+: 1015.63; found: 1015.65 

tert-Butyl (4-((tert-butoxycarbonyl)amino)butyl)(3-(3-(5,5-difluoro-7,9-dimethyl-5H-4λ4,5λ4

-dipyrrolo[1,2-c:2',1'-f][1,3,2]diazaborinin-3-yl)propanamido)propyl)carbamate (7a) 
Prepared according to general procedure A using amine 10 (7.23 mg) as starting material 
resulting in a red solid (9.2 mg, yield = 80%). 

1H-NMR (600 MHz, CDCl3): δ = 7.08 (s, 1H), 6.87 (d, 1H, J = 3.2 Hz), 6.29 (d, 1H, J = 3.8 Hz), 6.10 
(s, 1H), 3.32 – 3.26 (m, 2H), 3.19 (q, 3H, J = 6.2), 3.17 – 3.08 (m, 6H), 2.63 (t, 2H, J = 7.47), 2.56 (s, 
3H), 2.25 (s, 3H), 1.62 (quint, 2H, J = 6.4), 1.55 – 1.47 (m, 1H), 1.43 (s, 19H), 1.36 – 1.30 (m, 1H) 
13C-NMR (150 MHz, CDCl3)(rotamers): δ = 171.84, 156.14, 143.69, 133.50, 128.40, 123.88, 120.39, 



117.47, 79.76, 79.28, 46.82, 45.78, 44.86, 43.78, 40.27, 37.23, 36.16, 35.96, 32.06, 31.57, 30.33, 29.84, 
29.50, 29.40, 28.56, 27.98, 27.54, 25.90, 24.90, 22.83, 15.05, 14.26, 11.44, 8.65. 

ESI-MS: m/z calcd for C31H48BF2N5O5 [M+H]+: 620.38; found: 620.40 

tert-Butyl (4-((tert-butoxycarbonyl)(3-(3-(5,5-difluoro-7,9-dimethyl-5H-4λ4,5λ4-dipyrrolo[1,
2-c:2',1'-f][1,3,2]diazaborinin-3-yl)propanamido)propyl)amino)butyl)(3-((tert-butoxycarbon
yl)amino)propyl)carbamate (7b) 
Prepared according to general procedure A using amine 11 (7.08 mg) as starting material 
resulting in a red solid (10.68 mg, yield = 76%). 

1H-NMR (600 MHz, CDCl3): δ = 7.07 (s, 1H), 6.87 (d, 1H, J = 2.3 Hz), 6.29 (d, 1H, J = 3.6 Hz), 6.10 
(s, 1H), 3.34 – 3.02 (m, 14H), 2.62 (t, 2H, J = 7.44), 2.55 (s, 3H), 2.24 (s, 1H), 1.67 – 1.58 (m, 4H), 
1.51 – 1.36 (m, 30H), 1.36 – 1.29 (m, 1H) 13C-NMR (150 MHz, CDCl3)(rotamers): δ = 171.85, 
156.27, 155.57, 143.62, 135.17, 133.48, 128.38, 123.86, 120.38, 117.42, 79.75, 46.95, 46.35, 45.76, 
44.83, 44.30, 43.76, 37.81, 37.51, 36.11, 35.94, 32.06, 31.57, 30.32, 29.83, 29.49, 29.40, 29.02, 28.58, 
27.96, 26.21, 25.54, 24.89, 22.82, 15.05, 14.25, 11.44, 8.64. 

ESI-MS: m/z calcd for C39H64BF2N6O7 [M+H]+: 777.49; found: 777.50 

tert-Butyl (4-((tert-butoxycarbonyl)(3-((tert-butoxycarbonyl)(3-(3-(5,5-difluoro-7,9-dimethy
l-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'-f][1,3,2]diazaborinin-3-yl)propanamido)propyl)amino)pro
pyl)amino)butyl)(3-((tert-butoxycarbonyl)amino)propyl)carbamate (7c) 
Prepared according to general procedure A using amine 18 (7.21 mg) as starting material 
resulting in a red solid (17.09 mg, yield = 99%). 

1H-NMR (600 MHz, CDCl3): δ = 7.07 (s, 1H), 6.87 (d, 1H, J = 3.5 Hz), 6.28 (d, 1H, J = 4.00 Hz), 
6.10 (s, 1H), 3.32 – 3.03 (m, 18H), 2.61 (t, 2H, J = 7.58 Hz), 2.54 (s, 3H), 2.24 (s, 3H), 1.75 – 1.59 
(m, 6H), 1.50 – 1.37 (m, 40H) 13C-NMR (150 MHz, CDCl3)(rotamers): δ = 171.80, 170.82, 160.02, 
158.24, 157.64, 156.23, 155.57, 143.63, 137.26, 135.15, 133.48, 131.04, 129.61, 128.95, 128.39, 
124.58, 124.09, 123.87, 120.37, 119.21, 117.42, 99.49, 79.82, 79.62, 79.51, 79.23, 79.01, 66.32, 58.00, 
54.50, 46.95, 46.64, 46.48, 44.96, 44.30, 43.72, 39.49, 39.19, 39.03, 38.97, 37.80, 37.47, 37.22, 37.15, 
36.05, 35.94, 32.05, 31.56, 28.57, 28.10, 27.89, 26.13, 25.66, 24.99, 24.87, 22.81, 17.75, 17.56, 17.37, 
15.04, 14.24, 11.42, 10.15, 8.10. 

ESI-MS: m/z calcd for C47H79BF2N7O9 [M+H]+: 934.60; found: 934.60 

tert-Butyl (4-((tert-butoxycarbonyl)amino)butyl)(3-(3-(3',6'-dihydroxy-3-oxo-3H-spiro[isobe
nzofuran-1,9'-xanthen]-5-yl)thioureido)propyl)carbamate (8a) 
Prepared according to general procedure C using amine 14 (7.17 mg) as starting material 
resulting in a yellow solid (17.09 mg, yield = 99%). 

1H-NMR (600 MHz, CD3OD): δ = 8.12 (s, 1H), 7.77 (d, 1H, J = 7.90 Hz), 7.18 (d, 1H, J = 8.18 Hz), 
6.82 – 6.65 (m, 4H), 6.59 (d, 2H, J = 7.50 Hz), 3.63 (s, 2H), 3.23 (t, 2H, J = 7.32 Hz), 3.05 (t, 2H, J = 
6.87), 1.98 – 1.81 (m, 2H), 1.62 – 1.53 (m, 2H), 1.51 – 1.37 (m, 23H) 13C-NMR (150 MHz, 
CD3OD)(rotamers): δ = 210.11, 182.96, 182.61, 170.76, 162.16, 158.58, 157.83, 157.39, 154.75, 
142.49, 142.20, 131.78, 130.68, 130.19, 129.37, 126.29, 120.71, 114.22, 112.04, 103.49, 81.08, 79.87, 



48.09, 47.95, 46.23, 45.18, 43.50, 42.72, 42.36, 40.98, 30.76, 30.67, 29.35, 28.81, 28.79, 28.57, 28.37, 
27.02, 26.52, 24.22. 

ESI-MS: m/z calcd for C38H47N4O9S [M+H]+: 735.31; found: 735.35 

tert-Butyl (4-((tert-butoxycarbonyl)(3-(3-(3',6'-dihydroxy-3-oxo-3H-spiro[isobenzofuran-1,9'
-xanthen]-5-yl)thioureido)propyl)amino)butyl)(3-((tert-butoxycarbonyl)amino)propyl)carb
amate (8b) 
Prepared according to general procedure C using amine 11 (7.43 mg) as starting material 
resulting in a yellow solid (17.09 mg, yield = 99%). 

1H-NMR (600 MHz, CD3OD): δ = 8.09 (s, 1H), 7.74 (d, 1H, J = 7.71 Hz), 7.16 (d, 1H, J = 8.21 Hz), 
6.74 – 6.65 (m, 4H), 6.54 (dd, 1H, J = 8.62 Hz, 1.94 Hz), 3.62 (s, 2H), 3.27 – 3.18 (m, 6H), 3.02 (t, J 
= 6.82 Hz), 1.95 – 1.80 (m, 2H), 1.68 (s, 2H), 1.58 – 1.37 (m, 33H) 13C-NMR (150 MHz, 
CD3OD)(rotamers): δ = 210.09, 182.94, 182.61, 171.12, 161.74, 158.43, 157.77, 157.38, 154.30, 
149.56, 142.30, 142.06, 131.94, 130.39, 129.45, 125.96, 120.30, 113.81, 111.58, 103.53, 81.07, 80.99, 
79.97, 48.28, 47.91, 47.78, 46.26, 46.11, 45.66, 45.29, 43.51, 42.72, 38.93, 38.85, 30.77, 30.69, 30.26, 
29.47, 28.82, 27.27, 27.14, 26.67, 26.53. 

ESI-MS: m/z calcd for C46H62N5O11S [M+H]+: 892.42; found: 892.45 

tert-Butyl (4-((tert-butoxycarbonyl)(3-((tert-butoxycarbonyl)(3-(3-(3',6'-dihydroxy-3-oxo-3H
-spiro[isobenzofuran-1,9'-xanthen]-5-yl)thioureido)propyl)amino)propyl)amino)butyl)(3-((
tert butoxycarbonyl)amino)propyl)carbamate (8c) 
Prepared according to general procedure C using amine 18 (7.18 mg) as starting material 
resulting in a yellow solid (19.08 mg, yield = 99%). 

1H-NMR (600 MHz, CD3OD): δ = 8.08 (s, 1H), 7.74 (d, 1H, J = 7.84 Hz), 7.16 (d, 1H, J = 8.22), 
6.75 – 6.64 (m, 4H), 6.54 (dd, 2H, J = 8.70 Hz, 2.10 Hz), 3.63 (s, 2H), 3.27 – 3.12 (m, 12H), 3.02 (t, 
2H, J = 6.69 Hz), 1.98 – 1.83 (m, 2H), 1.80 (q, 2H, J = 14.04 Hz), 1.67 (s, 2H), 1.55 – 1.38 (m, 40H) 

13C-NMR (150 MHz, CD3OD)(rotamers): δ = 210.11, 182.89, 182.59, 171.18, 169.33, 169.30, 
162.33, 158.41, 157.30, 154.51, 148.80, 142.24, 142.06, 133.57, 132.41, 132.36, 131.66, 130.49, 
129.87, 126.18, 120.44, 114.16, 111.80, 103.56, 81.17, 80.96, 79.95, 69.53, 48.26, 47.87, 47.75, 46.24, 
46.05, 45.62, 45.24, 43.47, 42.74, 38.92, 38.83, 38.41, 34.80, 33.30, 33.06, 32.41, 30.75, 30.68, 30.61, 
30.46, 30.29, 30.22, 30.13, 29.47, 28.84, 28.81, 27.54, 27.23, 27.05, 26.63, 23.72, 23.67, 20.97, 14.73, 
14.44, 14.41, 9.20. 

ESI-MS: m/z calcd for C54H77N6O13S [M+H]+: 1049.53; found: 1049.55 

N-((1-(3-((4-Aminobutyl)amino)propyl)-1H-1,2,3-triazol-4-yl)methyl)-3-(5,5-difluoro-7,9-di
methyl-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'-f][1,3,2]diazaborinin-3-yl)propenamide dihydrochlo
ride (2a) 
Prepared according to general procedure D using Boc-protected probe 6a (5.82 mg) as starting 
material. Obtained without purification as a red solid (4.65 mg, yield = 98%). 

HRMS: m/z calcd for C24H36BF2N8O [M-H2Cl]+: 501.3073; found: 501.3074 



N-((1-(3-((4-((3-Aminopropyl)amino)butyl)amino)propyl)-1H-1,2,3-triazol-4-yl)methyl)-3-(5
,5-difluoro-7,9-dimethyl-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'-f][1,3,2]diazaborinin-3-yl)propena
mide trihydrochloride (2b) 
Prepared according to general procedure D using Boc-protected probe 6b (7.06 mg) as starting 
material. Obtained without purification as a red solid (5.15 mg, yield = 94%). 

HRMS: m/z calcd for C27H43BF2N9O [M-2H3Cl]+: 558.3651; found: 558.3652 

N-((1-(3-((3-((4-((3-Aminopropyl)amino)butyl)amino)propyl)amino)propyl)-1H-1,2,3-triazo
l-4-yl)methyl)-3-(5,5-difluoro-7,9-dimethyl-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'-f][1,3,2]diazabor
inin-3-yl)propenamide tetrahydrochloride (2c) 
Prepared according to general procedure D using Boc-protected probe 6c (5.29 mg) as starting 
material. Obtained without purification as a red solid (3.2 mg, yield = 81%). 

HRMS: m/z calcd for C30H50BF2N10O [M-3H4Cl]+:615.4230; found: 615.4225 

N-(3-((4-Aminobutyl)amino)propyl)-3-(5,5-difluoro-7,9-dimethyl-5H-4λ4,5λ4-dipyrrolo[1,2-
c:2',1'-f][1,3,2]diazaborinin-3-yl)propenamide dihydrochloride (3a) 
Prepared according to general procedure D using Boc-protected probe 7a (3.54 mg) as starting 
material. Obtained without purification as a red solid (3.84 mg, yield = 99%). 

HRMS: m/z calcd for C21H33BF2N5O [M-H2Cl]+: 420.2746; found: 420.2747 

N-(3-((4-((3-Aminopropyl)amino)butyl)amino)propyl)-3-(5,5-difluoro-7,9-dimethyl-5H-4λ4,
5λ4-dipyrrolo[1,2-c:2',1'-f][1,3,2]diazaborinin-3-yl)propenamide trihydrochloride (3b) 
Prepared according to general procedure D using Boc-protected probe 7b (3.22 mg) as starting 
material. Obtained without purification as a red solid (2.41 mg, yield = 99%). 

HRMS: m/z calcd for C24H40BF2N6O [M-2H3Cl]+: 477.3324; found:  477.3322 

N-(3-((3-((4-((3-Aminopropyl)amino)butyl)amino)propyl)amino)propyl)-3-(5,5-difluoro-7,9
-dimethyl-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'-f][1,3,2]diazaborinin-3-yl)propenamide tetrahydr
ochloride (3c) 
Prepared according to general procedure D using Boc-protected probe 7c (4.01 mg) as starting 
material. Obtained without purification as a red solid (2.39 mg, yield = 97%). 

HRMS: m/z calcd for C27H47BF2N7O [M-3H4Cl]+: 534.3903; found: 534.3909 

1-(3-((4-Aminobutyl)amino)propyl)-3-(3',6'-dihydroxy-3-oxo-3H-spiro[isobenzofuran-1,9'-x
anthen]-5-yl)thiourea dihydrochloride (4a) 
Prepared according to general procedure D using Boc-protected probe 8a (3.61 mg) as starting 
material. Obtained without purification as a yellow solid (2.92 mg, yield = 98%). 

HRMS: m/z calcd for C28H31N4O5S [M-H2Cl]+: 535.2015; found: 535.2012 

1-(3-((4-((3-Aminopropyl)amino)butyl)amino)propyl)-3-(3',6'-dihydroxy-3-oxo-3H-spiro[iso
benzofuran-1,9'-xanthen]-5-yl)thiourea trihydrochloride (4b) 
Prepared according to general procedure D using Boc-protected probe 8b (4.80 mg) as starting 
material. Obtained without purification as a yellow solid (3.71 mg, yield = 98%). 



HRMS: m/z calcd for C31H38N5O5S [M-2H3Cl]+: 592.2593; found: 592.2598 

1-(3-((3-((4-((3-Aminopropyl)amino)butyl)amino)propyl)amino)propyl)-3-(3',6'-dihydroxy-
3-oxo-3H-spiro[isobenzofuran-1,9'-xanthen]-5-yl)thiourea tetrahydrochloride (4c) 
Prepared according to general procedure D using Boc-protected probe 8c (4.95 mg) as starting 
material. Obtained without purification as a yellow solid (3.6 mg, yield = 96%). 

HRMS: m/z calcd for C34H45N6O5S [M-3H4Cl]+: 649.3172; found: 649.3174 
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LC chromatograms and purity of final compounds 
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Figure S5. Characterization of ATP13A2-expressing SH-SY5Y cell models. (A). ATP13A2 protein expression level 
in SH-SY5Y cells transduced with lentiviral particles to overexpress ATP13A2 wild type (A2 WT-OE) or the 
catalytically dead mutant ATP13A2 D508N (A2 D508N-OE). Immunoblots showing ATP13A2 expression levels 
and quantification (bar graph) relative to GAPDH signal (N = 3). (B). The endocytosis rate in the ATP13A2 cell 
models was assessed by an Alexa 647-transferrin assay. A2 WT-OE, A2 D508N-OE and non-transduced (NTS) cells 
were incubated with Alexa 647-transferrin in the presence or absence of a cocktail of endocytosis inhibitors: 
dynasore (100 µM), genistein (50 µM) and pitstop2 (50 µM). The mean fluorescence intensity (MFI) of 10,000 events 
was recorded on the Canto II HTS flow cytometer (N = 3, two to four technical replicates, two-way ANOVA with 
Tukey’s multiple comparisons test). In both panels (A,B), the NTS cell line was used as a control. (C,D). Graph 
depicts the fold change in BODIPY-SPM uptake between A2 WT-OE and A2 D508N-OE cells, normalized to each 
time point considered (C) or each dose considered (D) (N = 3 to 10, technical duplicates, two-way ANOVA with 
Sidak’s multiple comparisons test; ns: not significant, **: P < 0.01; ***: P < 0.001; ****: P < 0.0001). 

  



 
Figure S6. Characterization of ATP13A3-expressing HMEC-1 cell models. (A). HMEC-1 cells were transduced 
with lentiviral particles to overexpress ATP13A3 wild type (A3 WT-OE) or the catalytically dead mutant ATP13A3 
D498N (A3 D498N-OE). Immunoblots showing ATP13A3 expression levels and quantification (bar graph) relative 
to GAPDH signal (N = 3). (B). Evaluation of the endocytosis rate in A3 WT-OE and A3 D498N-OE HMEC-1 cells. 
Cells were incubated with Alexa 647-transferrin in the presence or absence of a cocktail of endocytosis inhibitors: 
dynasore (100 µM), genistein (50 µM) and pitstop2 (50 µM). The mean fluorescence intensity (MFI) of 10,000 events 
was recorded on the Canto II HTS flow cytometer. N = 3 with technical duplicates, two-way ANOVA with Tukey’s 
multiple comparisons test (ns: not significant, **: P < 0.01). In both panels, the non-transduced cell line (NTS) was 
used as a control. 



  
Figure S7. BODIPY-PUT and BODIPY-SPD uptake in HMEC-1 cells overexpressing ATP13A3 WT or D498N. 
Fold change in BODIPY-PUT (A,C) and BODIPY-SPD (B,D) uptake between A3 WT-OE and A3 D498N-OE cells, 
normalized to each time point considered (A,B) or each dose considered (C,D). N = 3 to 9, technical duplicates, two-
way ANOVA with Sidak’s multiple comparisons test ; ***: P < 0.001; ****: P < 0.0001.  

 

 



 
Figure S8. Full structures of the different green fluorescent polyamine conjugates used in this study and 
biochemical characterization of spermine conjugates. (A). FL-T-polyamine structures. (B). FL-T-polyamine 
structures. (C). FITC-polyamine structures. (D). Normalized absorption and emission spectra of symmetrical 
BODIPY-SPD (1b), BODIPY-FL-T-SPD (2b), BODIPY-FL-A-SPD (3b) and FITC-SPD (4b) together with a table 
providing the spectral properties of these compounds. (E). ATP/NADH-enzyme coupled ATPase assay. ATPase 
activity of purified ATP13A2 (1.25 µg) measured in the presence of increasing concentration of the following 
substrates: unlabeled spermine (SPM), BODIPY-SPM, FITC-SPM, FL-A-SPM and FL-T-SPM (N = 3 to 9, technical 
duplicates). The Y axis depicts the slope in optical density at 340 nm reflecting NADH consumption and further 
ATP consumption, normalized to the highest dose of SPM. 
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