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1. pKa’s Determination 
11B NMR-titration measurements were performed on Varian INOVA-300 spectrometers at 96.3 MHz 
and 25 °C using 5 mm NMR sample tubes. A 0.1 M solution of H3BO3 in D2O (d = 0.00 ppm) was 
used as external reference. The conversion to the BF3×Et2O scale by -18.7 ppm was applied. About 
240 scans were collected using a delay and an acquisition time of 1 s. Boron-containing compounds 
were dissolved in a water (10% D2O) / methanol (2:1 v/v) mixture. The pH values of the samples 
were measured at 25 °C with a Corning 125 pH-meter using a calibrated micro-combination probe 
purchased from Sigma Aldrich. The pH values were adjusted with 1 M solutions of NaOH and HCl.  

The resonance of 11B within the entire range of pH studied showed transition of B-atom from its 
planar B0 (sp2-hybridized) configuration at lower pH to the tetragonal B– (sp3-hybridized) 
configuration upon increase of the pH. With the exchange between B0 and B– being rapid on the 11B 
NMR time-scale, the average chemical shift and the ionization constant of boron can be defined by 
the eqs. (1) and (2), where χi is the molar fraction of B0 and B– and d is the corresponding chemical 
shift. Fitting the experimental data to eqs (1) and (2) allowed for calculation of the pKa values of the 
corresponding compounds. 

𝛿 = ∑ 𝜒!𝛿!	!   (1) 

𝐾# =
[%!]['"]
[%#]

    (2) 

 

Figure S1. pH profiles of the 11B chemical shift of a solution of PBA-containing model compounds. 
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2. HPLC- and ESI-MS  

Analytical HPLC gradient conditions for DOTA-EN-F2PBA: 

Solvent A: H2O TFA 0.1%; Solvent B: ACN TFA 0.1%; Flow: 1 ml/min; tR = 11.7 min 

Time (min) Solvent A (%) Solvent B (%) 
0 90 10 

2,00 90 10 
16,00 0 100 
19,00 0 100 

 

 

 

Figure S2. ESI+ MS (bottom), UV (254 nm, middle) and specific ion (M-H2O+H+, top) HPLC chromatograms 
of DOTA-EN-F2PBA from solid-phase synthesis (the peak at 2.0 min is due to the solvent front).  
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Figure S3. ESI- (top) and ESI+ (bottom) mass spectra of DOTA-EN-F2PBA ligand prepared in solution. The 
peaks at 571.7 (negative mode) and 573.8 (positive mode) m/z correspond to the deboronated by-product. M+ 
= 616.3 m/z; M-H2O+H+ = 599.3 m/z; M-B(OH)2+H+ = 573.3 m/z. 
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Figure S4. ESI+ mass spectra of DOTA-EN-PBA ligand at different cone voltages: 30 V (top), 20 V (middle) 
and 10 V (bottom). The peaks around 563.3 m/z correspond to the mono-dehydrated adduct (M-H2O+H+); the 
peaks around 545.3 m/z correspond to the bis-dehydrated adduct (M-2H2O+H+). 
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Figure S5. ESI+ mass spectrum of GdDOTA-EN-PBA complex. Calculated for [M+H]+ (C25H39BGdN6O9

+) = 
736.2 m/z; for M-H2O+H+ (C25H38BGdN6O8

+) = 719.2 m/z. 

 
Figure S6. ESI+ mass spectrum of GdDOTA-EN-F2PBA complex. Calculated for M+H+ (C25H37BF2GdN6O9

+) 
= 772.2 m/z; for M-H2O+H+ (C25H35BF2GdN6O8

+) = 754.2 m/z. 

  

m/z
710 712 714 716 718 720 722 724 726 728 730 732 734 736 738 740

%

0

100
JM-Gd-DOTA-EN-PBA 20 (0.336) Cm (19:47) Scan ES+ 

1.92e6716.75

715.70

714.79

711.92
711.15

713.18

732.69730.73

718.70

717.66

720.73

719.75

729.68

724.72
724.16721.71

726.82

728.63

731.71

734.72

733.74

735.77

735.98

739.19
738.64

m/z
746 748 750 752 754 756 758 760 762 764 766 768 770 772 774 776 778

%

0

100
JM-Gd-DOTA-EN-F2PBA 25 (0.420) Cm (21:47) Scan ES+ 

1.27e6766.68

765.70
765.07

754.72753.74

751.71
747.59

747.24

745.70

748.57

750.73

764.65

756.75

755.70 763.67
757.80

761.92
760.31

762.76

768.78

767.66

770.73

769.69

771.78
776.89

772.83 776.68

774.02 778.64



 7 

3 NMR Spectra 

 

Figure S7. 1H NMR spectrum in D2O of DOTA-EN-PBA ligand prepared via solid-phase synthesis. 

 

Figure S8. 1H NMR spectrum in D2O/CD3CN of DOTA-EN-F2PBA ligand prepared via solid-phase synthesis. 
(residual Et2O from precipitation is also observable). 
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Figure S9. 13C NMR spectrum in D2O/CD3CN of DOTA-EN-F2PBA ligand prepared via solid-phase synthesis 
(TFA as counterion is also observable).  

 

Figure S10. 11B NMR spectrum in D2O/CD3CN of DOTA-EN-F2PBA ligand prepared via solid-phase 
synthesis.  
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Figure S11. 19F NMR spectrum in D2O/CD3CN of DOTA-EN-F2PBA ligand prepared via solid-phase 
synthesis.  

 

Figure S12. 19F NMR spectrum in D2O of DOTA-EN-F2PBA ligand prepared via liquid-phase synthesis. The 
integrals confirm the presence of two F-containing species with a ratio 1:1.5.  
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Figure S13. 19F NMR COSY spectrum that identifies the two fluorine atoms belonging to each compound: -
132 and -142 ppm for DOTA-EN-F2PBA and -138 and -141 ppm for its deboronated derivative.  

 

 


