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1. NMR and mass spectra of compounds
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Figure S1. *H NMR spectrum of 2 in D,0.
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Figure S2. 'H and *C NMR spectra of 3 in CDCls.
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Figure S3. MS (ESI) spectrum of 3.
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Figure S4. 'H and 3C NMR spectra of HsaPyta in D;0.
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Figure S5. MS (ESI) spectrum of HjaPyta.
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Figure S6. 'H and 3C NMR spectra of 5 in DO and CDCls.
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Figure S7. 'H and *C NMR spectra of 6 in CDCls.
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Figure S8. MS (ESI) spectrum of 6.
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Figure S9. 'H and *C NMR spectra of HeaPyha in D,0.
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2. Mass spectra of complexes
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Fig. S11 MS (MALDI TOF) spectra of the ligand HiaPyta in the presence of Cu®*.
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Fig. S12 MS (MALDI TOF) spectrum of the ligand HjaPyta in the presence of Ga**.
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Figure S13. MS (MALDI TOF) spectrum of the ligand HsaPyta in the presence of Y**.
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Figure S14. MS (MALDI TOF) spectrum of the ligand HsaPyta in the presence of Bi®*.
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Fig. S15 MS (MALDI TOF) spectra of the ligand HesaPyha in the presence of Cu?*.
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Fig. S16 MS (MALDI TOF) spectrum of the ligand HeaPyha in the presence of Ga*".
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Figure S17. MS (MALDI TOF) spectrum of the ligand HeaPyha in the presence of Y**.
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Figure $18. MS (MALDI TOF) spectrum of the ligand HeaPyha in the presence of Bi**.
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3. NMR study of ligand protonation and complex formation

Table S1. 'H NMR (400 MHz, 298 K) chemical shifts (A8, ppm) of the ligand HsaPyta at different pH values
in D,0. See Figure 2 for proton labeling.

pH
HsaPyta
12 8.7 7.3 2.2
Hy 8.09 8.11 (A8 = 0.02) 8.14 (A8 = 0.05) 8.15 (A8 = 0.06)
H, 8.14 8.17 (A8 = 0.03) 8.18 (A8 = 0.04) 8.19 (A8 = 0.05)
Hs 3.47 3.66 (A8 =0.19) 3.84 (A8 = 0.37) 3.87 (A8 = 0.40)
He 2.82 3.24 (A8 =0.42) 3.54 (AS = 0.74) 3.62 (A8 = 0.80)
Hyo 3.24 3.59 (A8 = 0.35) 3.84 (AS = 0.60) 4.04 (AS = 0.80)
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Figure $19. 'H NMR spectra of the ligand HeaPyha (C, =

Chemical Shift (ppm)
15 mM) at different pH values in D;0.
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Table S2. 'H NMR (400 MHz, 298 K) chemical shifts (A3, ppm) of the ligand HeaPyha at different pH values

in D,0. See Figure S19 for proton labeling.

pH
HesaPyha
11.4 9.9 6.6 2.3
Ha 7.71 7.80 (A8 = 0.09) 7.83 (A8 = 0.12) 8.21 (A8 = 0.50)
H, 7.28 7.48 (AS = 0.20) 7.52 (AS = 0.24) 7.76 (AS = 0.48)
Ha 3.66 3.93 (A8 =0.27) 3.99 (A = 0.33) 4.37 (AS = 0.71)
Hs 2.48 2.90 (AS = 0.42) 2.99 (A8 = 0.51) 3.36 (AS = 0.88)
He 2.48 3.11 (A8 = 0.63) 3.25 (A8 = 0.77) 3.47 (A8 = 0.99)
Hoo 2.80 3.42 (A8 = 0.62) 3.56 (AS = 0.76) 3.80 (AS = 1.00)
Hi 3.08 3.27 (A8 = 0.19) 3.29 (A8 = 0.21) 3.60 (A8 = 0.52)
1
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Figure S20. 'H NMR spectra of: a) HsaPyta (C, = 10 mM, pH=7.1), b) HsaPyta in the presence of Y3* (pH=7.2),
c) HsaPyta in the presence of Bi** (pH=7.5) in D,0.
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4. HPLC of complexes
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Figure S21. HPLC of HsaPyta in the presence of Cu®* (t,=2.482, 3.067 min).
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Figure $22. HPLC of HsaPyta in the presence of Y3* (t,=2.310 min).
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Figure $23. HPLC of HsaPyta in the presence of Bi** (t,=2.208 min).
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$26. HPLC of HeaPyha in the presence of Bi3* (t,=2.155 min).
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Figure S27. HPLC chromatogram obtained by UV-vis absorption detector and radioactivity measurements
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Figure $28. HPLC chromatogram obtained by UV-vis absorption detector and radioactivity measurements
of HzaPyta complexes with [2°7Bi]Bi*".
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Figure $29. HPLC chromatograms obtained by UV-vis absorption detector and radioactivity measurements

of HeaPyha complexes with [38Y]Y3*,
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Figure $S30. HPLC chromatograms obtained by UV-vis absorption detector and radioactivity measurements

of HeaPyha complexes with [2°7Bi]Bi®*.
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5. DFT calculations

QTAIM analysis

We have performed a QTAIM analysis to investigate the Ga coordination in the Ga-aPyta complex. We
may conclude the Gaion is 6-coordinated with four oxygen and two nitrogen atoms (Table S3, Figure S31).

Table S3. The parameters of bond critical points (3,-1).

Bond p Vp dH

Me-N 0.0381 0.0734 -0.0079
Me-N 0.0387 0.0716 -0.0079
Me-O 0.1000 0.4810 -0.0234
Me-O 0.1024 0.4951 -0.0251
Me-O 0.1000 0.4771 -0.0239
Me-O 0.0990 0.4732 -0.0230

Figure S31. Geometries of complex Ga-aPyta calculated by the DFT method.
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Figure S33. Geometries of complex Bi-aPyta calculated by the DFT method.

S23



Figure S34. Geometries of complex Gaz-aPyha calculated by the DFT method.
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6. Radiolabeling
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Figure $35. Time dependences of [*®Ga]Ga-aPyta and [*®Ga]Ga-aPyha formation (95°C, pH 5).
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Figure S36. Influence of metal:ligand ratio on the yield of complexation reaction of HsaPyta and HsaPyha
with ®8Ga (95°C, pH 5).
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Figure S37. The image of TLC plates (Al-backed SiO; plates) after elution (20% NH4Cl/MeOH =1/1) of %Cu

complexes with HeaPyha. Red — start line, blue — front line.
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Figure $38. The image of “Whatman” sheets after elution (20% NH4Cl/MeOH =3/7) of Y complexes with

HeaPyha. Red — start line, blue — front line.
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7. In vitro stability

Table S4. Stability of labelled HeaPyha complex 2°’Bi in the presence of serum proteins.

Incubation time Intact [2°’Bi]Bi-aPyha complex, %
0 min 92,87356
30 min 84,53159
1h 86,99552
2h 85,7997
3h 83,10912
4h 90,58296
6h 89,98505
1d 97,3262
2d 103,908
3d 83,21839
4d 90,55258
8d 98,75223
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8. Potentiometry

Table S5. Stepwise protonation constants (LogK) of the aPyta* and aPyha®.

Reaction equations LogK
aPyta*+ H* <> HaPyta* 9.19
HaPyta®*+ H* <> HaPyta® 7.9
H,aPyta?+ H* <> HsaPyta’ 3.04
HsaPyta+ H" <> HiaPyta 2.22
aPyha®+ H* <> HaPyha> 10.16
HaPyha>+ H* & H,aPyha* 9.36
H,aPyha*+ H* <> HsaPyha* 5.87
HsaPyha*+ H* <> HsaPyha* 4.57
HsaPyha*+ H* <> HsaPyha 3.22
HsaPyha+ H® <> HeaPyha 1.88

Table S6. Hydrolysis constants of Cu?*, Y3*, Ga** and Bi** ions used to calculate the total binding constants

of the aPyta* and aPyha® complexes with Cu?*, Y**, Ga* and Bi** in the Hyperquad2003 program.

Reaction equations N v i pever e
M™ + H,0 <> MOH™Y + H* -7.97[c] -7.7[a] -2.6[b] -1.09[a]
M"™ + 2H,0 <> M(OH),™? + 2H* -16.23[c] -16.4[a] -5.9[b] -4.0[a]
M™ + 3H,0 <> M(OH)5™3 + 3H* -26.6[b] -26.0[a] -10.3[b] -8.86[a]
M™ + 4H,0 <> M(OH),"* + 4H* -39.7[b] -36.5[a] -16.6[b] -21.8[a]
2M™ + H,0 <> M,0H"Y + H* -6.71]c] - - -
6M™ + 12H,0 <> M4(OH)4 ™12 + 12H* - - - -1.0[b]
2M™ + 2H,0 <> M,(OH),*2) + 2H* -10.55[c] -14.23[a] - -
3M™ + 4H,0 <> M3(OH)®™¥ + 4H* -20.95[c] - - -
3M™ + 5H,0 <> M,(OH)e®™ + SH* - -31.6[a] - -
26M™ + 65H,0 <> M;6(OH)es?6"65) + 65H* - - -139.1[b] -

[a] Baes, C.F. and Mesmer, R.E. "The Hydrolysis of Cations", John Wiley & Sons, Inc., New York, 1976, P.
489.

[b] Paul L. Brown and Christian Ekberg, “Hydrolysis of Metal lons”, Wiley-VCH, 2016, V.2, P.917.

[c] Natalia V. Plyasunova, Mingsheng Wang, Yu Zhang, Mamoun Muhammed, Critical evaluation of
thermodynamics of complex formation of metal ions in aqueous solutions Il. Hydrolysis and hydroxo-
complexes of Cu?* at 298.15 K, Hydrometallurgy, 1997, 45, 37-51.

S28



Table S7. Stepwise binding constants of protonated aPyta* and aPyha® with Cu®, Y**, Ga** and Bi** ions.

Reaction equations logK
cu2+ Y3+ Ga3+ Bi3+

aPyta* + M™ <> MaPyta™* 14.96 8.9 19.5 28.78
HaPyta®* + M"™ <> MHaPyta"3 11.31 6.89 14.21 26.25
H,aPyta® + M™ <> MH,aPyta"? 3.54
aPyha® + M™ <> MaPyha"® - 15.05 27.38 -
HaPyha®> + M"™ <> MHaPyha"> 18.21 13.23 -
H,aPyha* + M" <> MH,aPyha"* 11.38 8.7 - -
HsaPyha*+ M™ <> HsMaPyha™ 5.77 19.81 -
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Refinement successful
T T T T T Chi-squared = 12.53
Chi-squared should be less than 12.60 at the 95%
confidence
level
sigma = 1.2596
Value relative log standard
stddevn beta deviation

Beta 1 1 refined 1.5450E+09 0.0886 9.1889

0.0385
Beta 2 1 refined 1.2409E+17 0.1054 17.0937
0.0458
: : : : : Beta 3 1 refined 1.3393E+20 0.1317 20.1269
0.0 0.5 1.0 1.5 2.0 00572
titre / mL Beta 4 1 refined 2.2191E+22 0.1322 22.3462
0.0574
Beta -1 0 constant 1.6596E-14 -13.7800

100

% formation relative to L

Figure $39. Potentiometric titration curves observed (black points) and fitted (red points) and statistical
parameters obtained by the HYPERQUAD2003 program (A), and ligand aPyta* (1 mM) species distribution
as a function of pH (B).
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Refinement successful
129 T T T T T —— Chi-squared = 11.88
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104 i confidence level
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—o— Fitted Value relative log standard
84 stddevn beta deviation
I
a i Beta 1 1 refined 1.4499E+10 0.0243 10.1614
0.0105
Beta 2 1 refined 3.3004E+19 0.0263 19.5186
44 b 0.0114
Beta 3 1 refined 2.4768E+25 0.0414 25.3939
2 @ | 0.0180
T o 10 15 20 2 a0 s Beta 4 1 refined 9.1047E+29 0.0429 29.9593
titre / mL 0.0186
Beta 5 1 refined 1.5071E+33 0.0456 33.1781
0.0198
Beta 6 1 refined 1.1580E+35 0.0569 35.0637
0.0247
Beta -1 O constant 1.6596E-14 -13.7800
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Figure S40. Potentiometric titration curves observed (black points) and fitted (red points) and statistical
parameters obtained by the HYPERQUAD2003 program (A), and ligand aPyha® (1 mM) species distribution
as a function of pH (B).
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Figure S41. Potentiometric titration curves observed (black points) and fitted (red points) and statistical
parameters obtained by the HYPERQUAD2003 program (A), and species distribution diagram in the
system Y3* (1 mM), aPyta* (1 mM), KNOs(0.1 M) as a function of pH (B).
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Figure S42. Potentiometric titration curves observed (black points) and fitted (red points) and statistical
parameters obtained by the HYPERQUAD2003 program (A), and species distribution diagram in the

system Cu?* (1 mM), aPyta* (1 mM), KNO3(0.1 M) as a function of pH (B).
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Figure S43. Potentiometric titration curves observed (black points) and fitted (red points) and statistical
parameters obtained by the HYPERQUAD2003 program (A), and species distribution diagram in the
system Ga** (1 mM), aPyta* (1 mM), KNO5(0.1 M) as a function of pH (B).
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Figure S44. Potentiometric titration curves observed (black points) and fitted (red points) and statistical
parameters obtained by the HYPERQUAD2003 program (A), and species distribution diagram in the
system Bi** (1 mM), aPyta* (1 mM), KNOs(0.1 M) as a function of pH (B).
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Figure S45. Potentiometric titration curves observed (black points) and fitted (red points) and statistical
parameters obtained by the HYPERQUAD2003 program (A), and species distribution diagram in the
system Cu?* (2 mM), aPyha® (1 mM), KNO3(0.1 M) as a function of pH (B).
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Figure S46. Potentiometric titration curves observed (black points) and fitted (red points) and statistical

parameters obtained by the HYPERQUAD2003 program (A), and species distribution diagram in the
system Y3 (3.2 mM), aPyha® (1.6 mM), KNOs(0.1 M) as a function of pH (B).
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Figure S47. Potentiometric titration curves observed (black points) and fitted (red points) and statistical
parameters obtained by the HYPERQUAD2003 program (A), and species distribution diagram in the
system Ga** (1 mM), aPyha® (1 mM), KNO3(0.1 M) as a function of pH (B).
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Beta-12 0 6 constant 1.0000E-01 -1.0000
Beta 0 1 1 refined 4.8725E+29 0.9028 29.6878 0.3921
Beta 2 1 1 refined 7.1775E+50 0.8623 50.8560 0.3745
Beta 3 1 1 refined 4.9693E+59 0.9077 59.6963 0.3942
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Figure S48. Potentiometric titration curves observed (black points) and fitted (red points) and statistical
parameters obtained by the HYPERQUAD2003 program (A), and species distribution diagram in the
system Bi** (0.9 mM), aPyha® (1 mM), KNOs(0.1 M) as a function of pH (B).
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Figure S49. Potentiometric titration curves for direct titration observed (black points) and fitted (red
points) and for back titration observed (blue points) and fitted (teal points) in the system Y3* (1 mM),
aPyta* (1.3 mM), KNOs(0.1 M).
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Figure S50. Potentiometric titration curves for direct titration observed (black points) and fitted (red
points) and for back titration observed (blue points) and fitted (teal points) in the system Ga3* (1 mM),
aPyta* (1.3 mM), KNOs(0.1 M).
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