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I. SYNTHESIS OF THE LIGANDS

The synthesis of the two semicarbazone ligands ATSM and ATSM(CH:);COOH was
carried out following the procedures previously described, depicted in Scheme 1.34%” The

characterisation of the compounds is depicted in Figures 51-56.
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Scheme 1. Scheme of the synthetic routes for (A) ATSM and (B) ATSM(CH:2)sCOOH. Conditions:
(i) EtOH, glacial AcOH; reflux, 5h; yield 40 %; (ii) HCl, H20; at 3 °C, 2 h; yield 88 %; (iii) DMF,
room temperature, 48 h; yield 81 %; and (iv) CHsCN; reflux, 41 h; yield 48 %.

Synthesis of diacetylbis(4-methyl-3-thiosemicarbazone) (ATSM)>*

A solution containing 4-methyl-3-thiosemicarbazide (1.048 g, 9.97 mmol) in 10 mL of
absolute EtOH was mixed with a solution of 2,3-butadione (0.439 g, 5.10 mmol) in 5 mL
of absolute EtOH. Then, 6 drops of glacial acetic acid were added, and the mixture was
refluxed under Ar for 5 h. After cooling, the resulting suspension was left overnight at 4
°C and then it was filtered. The obtained solid was washed with abundant warm EtOH
and diethyl ether. ATSM (0.517 g, yield 40 %) was obtained as a pale yellow powder. 'H
NMR (400 MHz, DMSO-ds), 6 (ppm): 10.20 (s, 2H), 8.36 (s, 2H), 3.03 (s, 3H), 3.02 (s, 3H),
2.20 (s, 6H).



Synthesis of diacetyl-mono-4-methyl-3-thio-semicarbazone (1)¥

10 drops of HCI 37 % were added to a suspension containing 2,3-butadione (2.40 g, 27.9
mmol) in 50 mL of distillated water. The solution was cooled down to 3 °C, 4-methyl-3-
thiosemicarbazide (2.65 g, 25.2 mmol) was added in small fractions for 1.5 h and under
intense stirring. The suspension was stirred for 40 minutes more at 3 °C. Then, the
suspended solid was extracted with CHCls (3 x 100 mL), the organic phases were
combined and dried with MgSOs, and the solvent was evaporated under reduced
pressure. The resulting pale-yellow solid was recrystallised with n-pentane (60 mL) in
presence of 1 mL of CHCls. After filtration and washing with pentane, compound 1 was
obtained as a pale-yellow powder (3.83 g, yield 87.9 %). 'H NMR (400.13 MHz, DMSO-
ds),  (ppm): 10.61 (s, 1H), 8.61 (s, 1H), 3.06 (s, 3H), 2.42 (s, 3H), 2.98 (s, 3H).

Synthesis of diacetyl-4,4-dimethyl-4’-methylbis(thiosemicarbazone) (2)*

Compound 1 (0.92 g, 5.3 mmol) was dissolved in 3 mL of DMF and reacted with 4,4-
dimethyl-3-thiosemicarcazide (0.761 g, 6.4 mmol) in presence of 6 drops of glacial acetic
acid at room temperature. After 48 h, the suspension was added dropwise over 60 mL
of distilled water at 2 °C, in which an abundant yellow solid precipitated. The suspension
was filtered and the solid was washed with cold ethanol and diethyl ether. Compound
2 was obtained as a yellow solid (1.18 g, yield 81 %). 'H NMR (400.13 MHz, DMSO-ds),
O (ppm): 10.20 (s, 1H), 9.49 (s, 1H), 8.36 (s, 1H), 3.28 (s, 6H), 3.03 (s, 3H), 2.19 (s, 3H), 2.14
(s, 3H).

Synthesis of diacetyl-4-butyric acid-4’-methylbis(thiosemicarbazone) (ATSM(CH2)sCOOH)>

Compound 2 (0.28 g, 1.0 mmol) and 4-aminobutyric acid (0.22 g, 2.1 mmol) were
suspended in 33 mL of acetonitrile. The resulting mixture was refluxed under Ar
atmosphere and intense stirring for 41 h. The suspension was then filtered and the
resulting solid was washed with HCl 3% (3 x 3 mL), CHsCN (40 mL) and diethyl ether
(3 x 30 mL). ATSM(CH2)sCOOH was obtained as a white solid (0.16 g, yield 47.1 %). '"H
NMR (400.13 MHz, DMSO-ds), d (ppm): 12.05 (bb, 1H), 10.22 (s, 1H), 10.17 (s, 1H), 8.43
(s, 1H), 8.37 (s, 1H), 3.59 (s, 2H), 3.03 (s, 3H), 2.25 (s, 2H), 2.21 (s, 6H), 1.81 (s, 2H). C
NMR (500.13 MHz, DMSO-ds), d (ppm): 178.9, 178.3, 174.7, 148.6, 148.4, 43.7, 31.67, 24.6,
12.2. LC-MS, m/z: Calculated for CiitH21N¢O:252: 333.12; Found: [L - HJ- 332.99.
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Figure S2. 'H-NMR spectrum of 1 in ds--DMSO.
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Figure S7. UV-vis spectra of a 30 uM of ATSM in HEPES buffer (pH 7.4, 50 mM) with % of DMSO
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Figure S17. (A) Evolution of the spectra with time of a 30 uM solution of Cu™-ATSM to which 1
eq of HSA was added and (B) intensity of absorbance at 454 nm in function of time. Medium:
HEPES butffer (pH 7.4, 50 mM) with 1% of DMSO.
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Figure S18. (A) Evolution of the spectra with time of a 30 uM solution of Cu™-ATSM(CH2)sCOOH
to which 1 eq of HSA was added and (B) intensity of absorbance at 460 nm in function of time.
Medium: HEPES buffer (pH 7.4, 50 mM) with 1% of DMSO.
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Figure S19. (A) Evolution of the spectra with time of a 30 uM solution of Cu"™-HSA to which 1 eq
of ATSM(CH2)sCOOH was added and (B) intensity of absorbance at 460 nm in function of time.
Medium: HEPES buffer (pH 7.4, 50 mM) with 1% of DMSO.
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Figure S20. Comparative of the spectra of a 30 uM ATSM(CH2)sCOOH solution (dotted orange
line), a 30 uM ATSM(CH:)sCOOH solution containing 1 eq of Cu! (in dark orange) and a 30 pM
ATSM(CH2)sCOOH solution containing 1 eq of Cu® and 1 eq of HSA (in dark green).
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Figure S21. (A) Evolution of the spectra with time of a 30 uM solution of ATSM to which 1 eq of
HSA was added and (B) intensity of absorbance at 323 nm in function of time. Medium: HEPES
buffer (pH 7.4, 50 mM) with 1% of DMSO.
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Figure S22. Comparative of the spectra of a 30 uM ATSM solution (in ), in presence
of 1 eq of Cu" (in dark orange) or in presence of 1 eq of Zn" (in dark blue). Medium: HEPES buffer
(pH 7.4, 50 mM) with 70% of DMSO.
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Figure 523. Comparative of the spectra of a 30 puM ATSM(CH2)sCOOH solution (in )
in presence of 1 eq of Cu (in dark orange) or in presence of 1 eq of Zn" (in dark blue). Medium:
HEPES buffer (pH 7.4, 50 mM) with 70% of DMSO.

A) 1.8

1.6

1.4 1
1.2

2 1.0
<
0.8
0.6

0.4 4
0.2

0.0

'/_\, ¢ 0.00

250

350

A (nm)

450

550

0 50 100 150

time (min)

Figure S24. (A) Evolution of the spectra with time of a 30 uM solution of ATSM and Zn" (1:1)
after the addition of 1 eq of HSA, (B) intensity of absorbance at 408 nm in function of time.
Medium: HEPES bulffer (pH 7.4, 50 mM) with 1% of DMSO.
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Figure S25. (A) Evolution of the spectra with time of a 30 uM solution of ATSM(CH2)sCOOH and
Zn" (1:1) after the addition of 1 eq of HSA, (B) intensity of absorbance at 423 nm in function of

time. Medium: HEPES buffer (pH 7.4, 50 mM) with 1% of DMSO.
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Figure S26. (A) Evolution of the spectra with time of a 30 pM solution of HSA and Zn! (1:1) after
the addition of 1 eq of ATSM, (B) intensity of absorbance of this solution at 408 nm in function of
time, (C) evolution of the spectra with time of a 30 uM solution of HSA and Zn! (1:2) after the
addition of 1 eq of ATSM, (D) intensity of absorbance of this solution at 408 nm in function of
time. Medium: HEPES buffer (pH 7.4, 50 mM) with 1% of DMSO.
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Figure S27. (A) Evolution of the spectra with time of a 30 uM solution of HSA and Zn" (1:1) after
the addition of 1 eq of ATSM(CH2)sCOOH, (B) intensity of absorbance of this solution at 414 nm
in function of time, (C) evolution of the spectra with time of a 30 puM solution of HSA and Zn"
(1:2) after the addition of 1 eq ATSM(CH2)sCOOH, (D) intensity of absorbance of this solution at
414 nm in function of time. Medium: HEPES buffer (pH 7.4, 50 mM) with 1% of DMSO.
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Figure S28. (A) Comparison between the addition of HSA to a solution of Zn'-
ATSM(CH2)sCOOH (orange) and the addition of ATSM(CH2)sCOOH to a solution of Zn"™-HSA
(green), [ATSM(CHz)sCOOH]=[HSA]=[Zn"]=30 uM, dotted lines correspond to spectra at time 0,
and continuous lines correspond to spectra at time 150 min. (B) Intensity of absorbance at 423 nm
for the addition of HSA to a solution of Zn™ATSM(CHz)sCOOH (orange), the addition of ATSM
to a solution of Zn"-HSA (1:1) (dark green) and the addition of ATSM(CH2)sCOOH to a solution
of Zn-HSA (2:1) ( )- Medium: HEPES buffer (pH 7.4, 50 mM) 1% of DMSO.

20



- 0.25
1.0 4 0.20 { ©® oo tmmosnte e L ees ey
» 08 1 €015
2 S
0.6 4 =
2 0.10
0.4 4 2
0.05
0.2 -
0.0 - . : - 0.00 T T ]
250 350 450 550 0.1 1 10 100
A (nm) [Zn"])/[Cu")]

Figure S29. (A) Spectra of a 30 uM solution of Cu"™-ATSM after addition of 0.1 to 100 eq of Zn"
and (B) intensity of absorbance at 460 nm in function of the equivalents of Zn" (scale in
logarithmic units). Medium: HEPES buffer (pH 7.4, 50 mM) with 1% of DMSO.
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Figure S30. (A) Spectra of a 30 pM solution of Cu™-ATSM(CH2)sCOOH after addition of 0.1 to
100 eq of Zn" and (B) intensity of absorbance at 460 nm in function of the equivalents of Zn" (scale
in logarithmic units). Medium: HEPES buffer (pH 7.4, 50 mM) with 1% of DMSO.
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Figure S31. (A) Evolution of the spectra with time of a 30 uM solution of Cu™-ATSM(CH2)sCOOH
after the addition of 1 eq. of HSA and 10 eq. of Zn", (B) intensity of absorbance at 460 nm in
function of time. Medium: HEPES buffer (pH 7.4, 50 mM) with 1% of DMSO.
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Figure S32. (A) Evolution of the spectra with time of a 30 uM solution of Cul-Zn!-HSA after the
addition of 1 eq of ATSM, (B) intensity of absorbance at 421 nm (in blue) and at 458 nm (in yellow)
in function of time. Medium: HEPES buffer (pH 7.4, 50 mM) with 1% of DMSO.
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Figure S33. (A) Evolution of the spectra with time of a 30 uM solution of Cul-Zn!-HSA after the
addition of 1 eq of ATSM(CH2)sCOQH, (B) intensity of absorbance at 423 nm (in blue) and at 461
nm (in yellow) in function of time. Medium: HEPES buffer (pH 7.4, 50 mM) with 1% of DMSO.
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Figure S34. (A) Detail of the evolution of the spectra with time of a 30 pM solution of Cul-Zn!-
HSA after the addition of 1 eq of ATSM(CH2)sCOOH, (B) intensity of absorbance of the ligand
(322 nm, orange), the Zn" complex (421 nm, blue) and the Cu" complex (458 nm, yellow) in
function of time. Medium: HEPES buffer (pH 7.4, 50 mM) with 1% of DMSO.
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Figure S35. Evolution of the absorbance spectra with time of a 30 uM solution of Cu-ATSM after
the addition of 1 eq. of EDTA in HEPES buffer (pH 7.4, 50 mM) with different percentages of
DMSO: (A) 1%, (B) 10%, (C) 20% and (D) 30%.
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Figure S36. (A) Evolution of the absorbance spectra with time of a 30 uM solution of Cul-
ATSM(CH2)sCOOH after the addition of 1 eq. of EDTA during 2.5 h, (B) intensity of absorbance
of this solution at 408 nm in function of time and (C) and (D) the equivalent measurements carried
out during 500 h. Medium: HEPES buffer (pH 7.4, 50 mM) with 1% of DMSO.
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Figure S37. (A) Evolution of the spectra with time of a 30 uM solution of Cu™ATSM after the
addition of 1 eq. of HSA and 1 eq. of EDTA, (B) intensity of absorbance at 480 nm in function of
time. Medium: HEPES buffer (pH 7.4, 50 mM) with 1% of DMSO.
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Figure S38. (A) Evolution of the spectra with time of a 30 pM solution of Cu"™-EDTA after the
addition of 1 eq. of HSA and 1 eq. of ATSM, (B) intensity of absorbance at 322 nm in function of
time. Medium: HEPES buffer (pH 7.4, 50 mM) with 1% of DMSO.
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Figure S39. (A) Evolution of the spectra with time of a 30 uM solution of Cu" after the addition
of 1,000 eq. of EDTA and then 1 eq. of ATSM(CH2)sCOOH, (B) intensity of absorbance at 325 nm
(in blue) and at 453 nm (in yellow) in function of time vs. the competition with 1 eq. of EDTA (325
nm in and 453 nm in ). Medium: HEPES buffer (pH 7.4, 50 mM) with 1% of
DMSO.
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Figure S40. (A) Evolution of the spectra with time of a 30 uM solution of Cu-ATSM(CH:)sCOOH
after the addition of 1,000 eq. of EDTA, (B) intensity of absorbance at 325 nm (in blue) and at 453
nm (in yellow) in function of time vs. the competition with 1 eq. of EDTA (325 nm in

and 453 nm in )- Medium: HEPES buffer (pH 7.4, 50 mM) with 1% of DMSO.
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I1. Tables

Table 3. Distances and angles in the complex Cu™-ATSM.

Distances (A) Angles (%)
51-Cu 2.283 S51-Cu-N3 84.6
N3-Cu 2.004 S51-Cu-N4 164.7
N4-Cu 2.004 51-Cu-S2 110.8
52-Cu 2.283 N3-Cu-N4 80.1
N3-Cu-52 164.7
N4-Cu-52 84.6

Table 4. Distances and angles in the complex Cu™-ATSM(CH:)s:COOH

Distances (A) Angles (%)
S1-Cu 2.286 S1-Cu-N3 84.5
N3-Cu 2.004 S1-Cu-N4 164.7
N4-Cu 2.006 51-Cu-52 110.8
52-Cu 2.274 N3-Cu-N4 80.2
N3-Cu-52 164.7
N4-Cu-52 84.5
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