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Fig. S3. Emission and absorption spectra of HL'-HL3 and H,L*.
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Fig. S4. The cyclic voltammograms of (a) 1 (black trace) and 4 (green trace) in cathodic part, and
(b) HL3 in anodic part measured in DMSO/nBus4NPFs at glassy-carbon working electrode, at scan
rate of 100 mV s™!.
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Fig. S5. Concentration-effect curves of HL'-HL3 and HzL* and their respective Cu(I) complexes

in MDA-MB-231 cells upon 72 h exposure.

Scheme S1. Synthesis of 4-chloromethyl-2-dimethoxymethylpyridine. Reagents and conditions:
(1) SOCl2, MeOH, reflux, overnight; (i) NaBH4, C2HsOH, 0 °C for 1 h, room temperature for 3 h,
overnight under reflux, purification by column chromatography; (iii) SeO2, dioxane/water, under
argon, 100 °C for 3 h, purification by column chromatography; (iv) trimethyl orthoformate,
methanesulfonic acid, dry MeOH, under argon, 78 °C for 48 h; (v) SOClz, dry CH2Cl2, —80 °C.

S7



(Vl) (v11) HO (e}
>

(v111)

@aipﬁ “Otm o

BOC-H
Scheme S2. Synthesis of 7-hydroxy-3-(piperazine-1-carbonyl)-2H-chromen-2-one (H). Reagents
and conditions: (vi) diethyl malonate, piperidine, C2HsOH, reflux, 1 h; (vii) 0.5 M NaOH, room
temperature, 24 h, 1M HCI, 1 h; (viii) ¢-butyl piperazine-1-carboxylate, EDCI, HOBt, DIEA, dry
DMF, room temperature, 12 h; (ix) CF3COOH, CH2Clz, room temperature, 2 h, purification by

column chromatography.

Synthesis of building blocks E and H

Synthesis of 4-chloromethyl-2-dimethoxymethylpyridine (E). Dimethyl pyridine-2,4-dicarboxylate
A (Scheme S1) was obtained in the first step by the esterification of 2,4-pyridinedicarboxylic acid
in the presence of thionyl chloride in MeOH in good yield (76.5%) as reported in the literature.'
The formation of A was confirmed by the presence of the positive ion ESI-MS peaks at m/z 196.01
and 217.98 attributed to [M+H]" and [M+Na]", respectively. In the next step ester A was reduced
to 2,4-pyridinedimethanol B in moderate yield (31-39%) by using NaBH4 in THF at room
temperature as reported previously for 2,6-pyridinedimethanol.> Column chromatography of the
crude product on SiO2 by using ethanol as eluent showed the presence of three other fractions with
Rr=0.87, 0.5 and 0.3 in addition to species B with Rr = 0.75. Reduction of A with NaBH4 in
boiling ethanol, as reported previously for 2,5-pyridinedimethanol,’® afforded diol B in very good
yield (75.7%). Only one side product (Rr= 0.5) was present in the reaction mixture and the diol B
could be easily purified by column chromatography (SiO2, C2HsOH, fri1 (Rr= 0.75)). The positive
ion ESI mass spectrum of B showed peaks at m/z 140.01 and 161.98, which were assigned to

[M+H]" and [M+Na]", respectively. The '"H NMR spectrum of B in DMSO-ds showed signals
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attributed to three doublets of three CH pyridine ring protons, two triplets of two hydroxyl groups
and overlapped doublets of CH> groups. The most laborious step was the oxidation of the hydroxyl
group in position 2 of the pyridine ring in B. The reaction was performed in the presence of SeO:
in dioxane/water 38:1 mixture under argon at 100 °C for 3 h as reported previously for 2-formyl-
5-hydroxymethylpyridine.* However, the conversion was not selective and resulted in several
products. Two monooxidised species, the required 2-formyl-4-hydroxymethylpyridine (Ci) and 4-
formyl-2-hydroxymethylpyridine Cz, were isolated in approximately the same yields (20-25%) as
yellow oils. In addition, 2,4-diformylpyridine Ci was obtained (17-23% yield) along with
unreacted diol B. The products were separated by column chromatography on SiO:
(CH2CL2/MeOH 8:1, Ri1 (C1,2) = 0.57, Rz (C1) = 0.48, R3 (C2) = 0.45, R (B) = 0.3). The C1 and
C: gave in the negative ion ESI mass spectra peaks at m/z 135.9 attributed to [M—H]". The 'H
NMR spectra of C; and C; revealed a set of one CH signal of aldehyde group, three CH signals
originated from CH pyridine protons, one triplet of hydroxyl group and one doublet of methylene
group protons. The main difference in the 'H NMR spectra between the two isomers is the
downfield shift of CH signals of the aldehyde group in C; relative to that for C{ by 0.12 ppm. The
identification of two monooxidised products as C1 and C, was possible by inspection of 2D NMR
spectra of the protected products, D1 and D2, obtained from Cy and C: in the next step (see Scheme
S3 and Scheme S4, Fig. S1 and Fig. S2). The protection was performed with trimethyl
orthoformate in the presence of methanesulfonic acid as catalyst in dry methanol as described quite
recently for 2-formyl-5-hydroxymethylpyridine.’ The quantitative yields were obtained in both
cases, D1 and D2, but double excess of catalyst for D, was required. Both oily products D{ and D>
were used in the next step without any additional purification. Pure products can be obtained by
column chromatography (SiO2, CH2Cl2/MeOH 10:1 or 6:1). They showed in ESI mass spectra
peaks attributed to [M+H]*, [M+Na]" and [M—H] ions. The recorded '"H NMR resonances of three
CH pyridine protons, hydroxyl group, methylene group and CH3 of acetal group protons in Dy and
D, were quite similar. The only remarkable '"H NMR shift difference should be mentioned for the
CH proton of the acetal group which is seen at 5.26 ppm in D and 5.44 ppm in D;. In addition,
the chemical shifts of '*C NMR resonances in Dy and D; are quite different. The identification of
D; and D, was done by using 2D NMR spectra. According to 'H,'H-NOESY spectra for (2-
(dimethoxymethyl)pyridin-4-yl)methanol D1, the OH and two methylene group protons have two
couplings with H3 and HS, whereas the CH proton of the acetal group — only with H3 (Scheme
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S3, Fig. S1). In the case of 4-(dimethoxymethyl)pyridin-2-yl)methanol D, protons of methylene
groups have coupling with H3, whereas the CH proton of the acetal group — with H3 and H5 as
shown in Fig. S2 (see also Scheme S4). Finally the chlorination of D1 was conducted with thionyl
chloride in dry CH2Cl2 at —80°C as reported previously for 5-chloromethyl-2-dimethoxymethyl-
pyridine® to give pure building block E in excellent yield (94.1%).

Synthesis of 7-hydroxy-3-(piperazine-I1-carbonyl)-2H-chromen-2-one (H). The ethyl 7-
hydroxycoumarin-3-carboxylate F and 7-hydroxycoumarin-3-carboxylic acid G (Scheme S2)
were prepared according to the literature,® but the basic hydrolysis to produce G was optimised to
reach better reproducibility. In the next step by coupling the species G with BOC-protected
piperazine in the presence of peptide coupling reagents (EDCI, HOBt) in dry DMF the protected
amide BOC-H was obtained as reported previously.” BOC-deprotection of the latter was performed

in the presence CF3COOH in CH2Clz to yield the final intermediate as H-TFA adduct.

Experimental part

Pyridine-2,4-dicarboxylic acid dimethyl ester (A in Scheme S1).! To 2,4-pyridinedicarboxylic
acid (10.3 g, 0.062 mol) suspended in MeOH (40 mL) and cooled in an ice bath was added
dropwise thionyl chloride (12 mL, 0.165 mol). The mixture was stirred under reflux overnight.
Then MeOH was removed under reduced pressure and the residue was partitioned between the
saturated aqueous NaHCO3 (75 mL) and CH2Clz (2 x 75 mL). The organic phase was separated,
washed with water (3 x 75 mL) and dried over Na2SOa. The solvent was removed under reduced
pressure to give the product as a white solid. Yield: 9.2 g, 76.5%. Positive ion ESI-MS
(ACN/MeOH+1% H20): m/z 196.01 [M+H]", 217.98 [M+Na]".

2,4-Pyridinedimethanol (B in Scheme S1). Dimethyl-2,4-pyridinecarboxylate A (5.03 g, 0.03 mol)
was suspended in ethanol (70 mL) and the mixture was cooled to 0 °C in an ice bath. Sodium
borohydride (4.53 g, 0.12 mol) was added to the mixture in small portions. After the reaction
mixture was stirred at 0 °C for 1 h, the ice bath was removed. The reaction mixture was further
stirred at room temperature for 3 h, and then heated under reflux overnight. The solvent was
removed under reduced pressure, and the residue was dissolved in acetone (70 mL). Saturated
aqueous K2COs3 (70 mL) was added, and the mixture was heated at reflux for 1 h. The yellow layer

was decanted from the reaction mixture and evaporated. The product was purified
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chromatographically on silica by using C2HsOH as eluent. The first fraction (R = 0.75) was
collected as a light yellow oil and dried in high vacuum to give a white solid. Yield: 2.7 g, 75.7%.
Positive ion ESI-MS (ACN/MeOH+1% H20): m/z 140.01 [M+H]", 161.98 [M+Na]*. 'H NMR
(500 MHz, DMSO-ds) 6, ppm: 8.39 (d, J = 5.0 Hz, 1H, pyCH), 7.44 (d, J= 0.7 Hz, 1H, pyCH),
7.16 (d,J=5.0 Hz, 1H, pyCH), 5.44 (t,J=5.7 Hz, 1H, CH20H), 5.40 (t,J= 5.8 Hz, 1H, CH20H),
4.55 (d, J= 5.8 Hz, 4H, CH20H).

2-Formyl-4-hydroxymethylpyridine (C1 in Scheme S1). The diol B (3.92 g, 0.028 mol) was
dissolved in dioxane (30 mL) at 40—60 °C, then water (0.78 mL) and SeO: (1.56 g, 0.014 mol)
were added. The mixture was heated under argon at 100 °C for 3 h. The reaction mixture was
filtered through Celite and washed with dioxane (15 mL). The filtrate and washings were
evaporated and the residue was purified chromatographically on silica by using CH2Cl./MeOH
8:1 as eluent. The second fraction (R = 0.48) was collected to give the product Cy as a light yellow
oil, which was dried in high vacuum to give a beige solid. Yield: 1.0 g, 25.9%. Positive ion ESI-
MS for C1 (ACN/MeOH+1% H20): m/z 160.28 [M+Na]; negative: m/z 135.97 [M—H]". '"H NMR
(C1,500 MHz, DMSO-ds) 6, ppm: 10.00 (s, 1H, COH), 8.75 (d, J= 5.0 Hz, 1H, pyCH), 7.90 (dd,
J=1.6,0.8 Hz, 1H, pyCH), 7.67 — 7.60 (m, 1H, pyCH), 5.62 (t,J = 5.6 Hz, 1H, CH20H), 4.65 (d,
J = 49 Hz, 2H, CH:OH). Two additional products were also isolated: 4-formyl-2-
hydroxymethylpyridine (C2, SiO2, CH2Cl2/MeOH 8:1, Rz = 0.45, yield 18-21%) and 2,4-
diformylpyridine (C1,2, Si0O2, CH2Cl2/MeOH 8:1, Rs1 = 0.57, yield 17-23%). Negative ion ESI-MS
for C2 (ACN/MeOH+1% H20): m/z 135.93 [M—H]". '"H NMR (Cz, 500 MHz, DMSO-ds) §, ppm:
10.12 (s, 1H, COH), 8.78 (d, J=4.9 Hz, 1H, pyCH), 7.92 — 7.84 (m, 1H, pyCH), 7.68 (dd, J=5.3,
1.1 Hz, 1H, pyCH), 5.66 (t, J=5.2 Hz, 1H, CH20H), 4.67 (d, /= 4.3 Hz, 2H, CH20H). Negative
ion ESI-MS for Ci12 (ACN/MeOH+1% H20): m/z 134.02 [M-H]". 'H NMR (Ci2, 500 MHz,
DMSO-ds) 6, ppm: 10.19 (s, 1H, COH), 10.08 (s, 1H, COH), 9.11 (d, J=4.8 Hz, 1H, pyCH), 8.34
—8.27 (m, 1H, pyCH), 8.11 (dd, J=4.8, 1.6 Hz, 1H, pyCH).
2-Dimethoxymethyl-4-hydroxymethylpyridine (D1 in Scheme S1). 2-Formyl-4-
hydroxymethylpyridine C; (1.0 g, 7.29 mmol), trimethyl orthoformate (3.16 mL, 28.9 mmol),
methanesulfonic acid (74.0 pL, 1.14 mmol) and absolute methanol (14 mL) were combined under
argon in a Schlenk tube. The reaction mixture was stirred at 78 °C for 48 h. After cooling down to
room temperature the solvent was evaporated under reduced pressure. The residue was dissolved

in CHCl3 (50 mL) and washed with saturated aqueous K2COs3 (25 mL) and brine (25 mL). The
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aqueous phase was extracted with CHCl3 (3 x 50 mL). The combined organic layers were dried
over MgSOs4 and the solvent was removed under reduced pressure to give a green oil of crude
product, which was used without further purification in the next step. Yield: 1.19 g, 87.8%. The
product can be purified chromatographically on silica by using CH2Cl2/MeOH 10:1 as eluent and
collecting the fraction with Rr = 0.43 to produce an yellow oil. Positive ion ESI-MS for D
(ACN/MeOH+1% H20): m/z 184.23 [M+H]", 206.23 [M+Na]*; negative: m/z 182.05 [M-H]". 'H
NMR (D1, 700 MHz, DMSO-ds) o, ppm: 8.46 (d, J= 5.0 Hz, 1H, He), 7.46 (s, 1H, H3), 7.28 (d, J
=5.7 Hz, 1H, Hs), 5.45 (t, /= 5.8 Hz, 1H, CH20H), 5.26 (s, |H, HC(OCH3)2), 4.56 (d, /= 5.8 Hz,
2H, CH>0H), 3.29 (s, 6H, HC(OCH3)2). 1*C NMR (D1, 176 MHz, DMSO-ds) §, ppm: 156.83 (C2),
152.25 (Cs), 148.39 (Cs), 120.90 (Cs), 117.89 (C3), 104.05 (HC(OCHs)2), 61.51 (CH20H), 53.37
(HC(OCH3)2). The synthesis of D2 was performed under the same reaction conditions starting from
C,, but with a double excess of catalyst. Yield: 75-81%. Positive ion ESI-MS for D»
(ACN/MeOH+1% H20): m/z 184.27 [M+H]", 206.28 [M+Na]*; negative: m/z 182.03 [M-H]". 'H
NMR (D2, 600 MHz, DMSO-ds) o, ppm: 8.48 (d, J=5.4 Hz, 1H, He), 7.49 (s, 1H, H3), 7.22 (d, J
= 5.0 Hz, 1H, Hs), 5.45 (t, 1H, CH20H), 5.44 (s, 1H, HC(OCHs)2), 4.57 (d, J = 5.6 Hz, 2H,
CH>OH), 3.27 (s, 6H, HC(OCH3)2). *C NMR (D2, 151 MHz, DMSO-ds) 8, ppm: 162.30 (C2),
148.63 (Cs), 146.90 (Ca), 119.60 (Cs), 117.68 (Cs), 101.25 (HC(OCH3)2), 64.12 (CH20H), 52.70
(HC(OCHz3)2). For atom labeling used in assignment of resonances in NMR spectra of Dy and D»
see Scheme S3 and Scheme S4, respectively.

4-Chloromethyl-2-dimethoxymethylpyridine (E in Scheme S1). 2-Dimethoxymethyl-4-
hydroxymethylpyridine D; (0.23 g, 1.27 mmol) was dissolved in dry CH2Cl2 (20 mL) and cooled
to —80 °C. Thionyl chloride (110 pL, 1.5 mmol) was added dropwise. The reaction mixture was
stirred overnight, while it was allowed to slowly reach the room temperature. Next day the reaction
mixture was cooled to —80 °C and triethylamine (230 pL, 1.65 mmol) was added dropwise. The
content in the flask was allowed to reach the room temperature and stirred for additional 1 h. Then
saturated aqueous NaHCOs3 (10 mL) and brine (10 mL) were added and the resulting mixture was
extracted with CH2Cl2 (3 x 50 mL). The combined organic layers were dried over MgSO4 and the
solvent was removed under reduced pressure to give a red-brown oil. Yield: 0.24 g, 94.1%. Positive
ion ESI-MS (ACN/MeOH+1% H20): m/z 202.43 [M+H]", 224.39 [M+Na]". 'H NMR (600 MHz,
DMSO-dps) o, ppm: 8.56 (d, J = 5.0 Hz, 1H, He), 7.55 (s, 1H, Hs), 7.43 (dd, /= 5.0, 1.7 Hz, 1H,
Hs), 5.30 (s, 1H, CH), 4.83 (s, 2H, CH>), 3.31 (s, 6H, CH3). '3C NMR (151 MHz, DMSO-ds) §,
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ppm: 157.56 (C2), 149.17 (Cs), 146.82 (C4), 123.08 (Cs), 120.12 (C3), 103.71 (CH), 53.47 (CH3),
44.03 (CH>).

Ethyl  7-hydroxy-2-oxo-2H-chromene-3-carboxylate  (F in  Scheme  S2).5 24-
Dihydroxybenzaldehyde (1.51 g, 10.9 mmol), diethyl malonate (2.47 mL, 16.3 mmol) and
piperidine (0.8 mL, 8.15 mmol) were dissolved in ethanol (15 mL) and refluxed for 1 h. Then the
reaction mixture was stirred at room temperature for 24 h and evaporated to dryness. The yellow
powder of crude F was obtained by adding ethyl acetate (10 mL) and hexane (100 mL) and short
treatment in ultrasound bath. The product was filtered off, dried in vacuo and used without further
purification in the next step. Yield: 2.5 g, almost quantitative. Positive ion ESI-MS
(ACN/MeOH+1% H20): m/z 235.06 [M+H]", 257.04 [M+Na]*; negative: m/z 232.83 [M-H] . 'H
NMR (500 MHz, DMSO-ds) 6, ppm: 8.46 (s, 1H, coumCH), 7.51 (d, J = 8.8 Hz, 1H, coumCH),
6.52 (dd, J=8.7, 2.0 Hz, 1H, coumCH), 6.31 (d, J= 1.8 Hz, 1H, coumCH), 4.21 (q, J= 7.1 Hz,
2H, CH>CH3), 1.27 (t,J= 7.1 Hz, 3H, CH2CH3).

7-Hydroxycoumarin-3-carboxylic acid (G in Scheme S2). Ethyl ester of 7-hydroxycoumarin-3-
carboxylic acid F (1.77 g, 7.6 mmol) was dissolved in 0.5 M aqueous solution of NaOH (40 mL)
and the solution was left to stir at room temperature for 24 h. Solvent was removed from the
reaction mixture by '2 of the original volume and then 1 M HCIl (25 mL) was added. The
suspension was stirred for 1 h and cooled to 4 °C. The beige precipitate was filtered off, washed
with cold water (5—7 mL) and dried in vacuo. Yield: 1.1 g, 71.0%. Positive ion ESI-MS
(ACN/MeOH+1% H20): m/z 206.97 [M+H]", 228.97 [M+Na]*; negative: m/z 204.78 [M-H] . 'H
NMR (500 MHz, DMSO-ds) o, ppm: 12.88 (s, 1H, COOH), 11.06 (s, 1H, OH), 8.70 (s, 1H,
coumCH), 7.76 (d, J= 8.6 Hz, 1H, coumCH), 6.85 (dd, J = 8.6, 2.2 Hz, 1H, coumCH), 6.75 (d, J
=2.2 Hz, 1H, coumCH).

7-Hydroxy-3-(piperazine-1-carbonyl)-2H-chromen-2-one (H in Scheme S2). Step (viii): A
mixture of 7-hydroxycoumarin-3-carboxylic acid G (1.00 g, 5 mmol), #-butyl piperazine-1-
carboxylate (0.93 g, 5 mmol), EDCI (1.34 g, 7.5 mmol), HOBt (1.7 g, 12.5 mmol) and DIEA (0.5
mL) in dry DMF (2.5 mL) was stirred at room temperature for 12 h.” Then water (5 mL) was
added. The crude BOC-intermediate (BOC-H) was extracted with CH2Clz, the organic phase was
washed with water, dried over NaxSO4 and solvent removed under reduced pressure. Step (ix):
CFsCOOH (TFA, 3 mL) was added dropwise to the BOC-intermediate (BOC-H) in CH2Cl2 (15

mL) and stirred at room temperature for 2 h. The wine-red oily residue obtained after solvent
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evaporation was dried in vacuo at 60 °C, then mixed with CH2Cl2/MeOH 3:1 (15 mL) and stirred
for ca. 30 min. The beige precipitate of H-TFA was filtered off and dried (0.63 g). Additionally,
some amount of H-TFA was obtained from the filtrate by column chromatography on SiO2 using
CH2CI2/MeOH 3:1 as eluent (fr3, 0.15 g). Total yield of H-TFA: 0.78 g, 41.0%. Anal. Calcd for
H-TFA, %: TFA, 29.36. Found, %: TFA, 28.76. Positive ion ESI-MS (ACN/MeOH+1% H20):
m/z275.07 [M+H]", 297.06 [M+Na]*; negative: m/z 272.93 [M—H]". '"H NMR (H-TFA, 500 MHz,
DMSO-dbs) o, ppm: 10.89 (brs, 1H, OH or NH), 8.84 (brs, 2H, OH or NH), 8.15 (s, 1H, coumCH)),
7.63 (d, J= 8.6 Hz, 1H, coumCH), 6.86 (dd, J = 8.5, 2.3 Hz, 1H, coumCH), 6.78 (d, J=2.2 Hz,
1H, coumCH), 3.79 (brs, 2H, pipCH-), 3.58 (brs, 2H, pipCH>2), 3.17 (brs, 2H, pipCH>), 3.10 (brs,
2H, pipCH2). TFA free 7-hydroxy-3-(piperazine-1-carbonyl)-2H-chromen-2-one H as yellow
solid was isolated after treatment with Et3N as a base. The same procedure was used in situ in the
next step (see step (x)). 'H NMR (H, 700 MHz, DMSO-ds) §, ppm: 8.13 (s, 1H, Hy4), 7.61 (d, J =
8.6 Hz, 1H, Hs), 6.86 (dd, J = 8.5, 2.0 Hz, 1H, He), 6.78 (s, 1H, Hs), 3.77 (brs, 2H, pipCHz), 3.56
(brs, 2H, pipCH>), 3.08 (brs, 2H, pipCHz), 3.02 (brs, 2H, pipCH>). *C NMR (H, 176 MHz,
DMSO-dp) 3, ppm: 163.60 (C2 or Ci1), 162.46 (C7), 158.06 (C2 or Ci1), 155.73 (Co), 144.05 (Ca),
130.57 (Cs), 118.84 (C3), 113.77 (Ce), 110.71 (Cio), 102.06 (Cs), 43.82 (CHz, {3.56 ppm}), 43.21
(CH2, {3.02 ppm}), 42.85 (CHz, {3.08 ppm}), 38.68 (CH2, {3.77 ppm}). For atom labeling used

for the NMR resonances assignment of H see Scheme S5.

HO HO
(iv)
—_—

| |3 3
H = 0 21 %

N N

o)
Cy O\ D,

Scheme S3. Protection of aldehyde group of C; and atom labeling scheme used in the NMR

resonances assignment of D;.
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HO P HO 2 /6
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CZ D2

Scheme S4. Protection of aldehyde group of C; and atom labeling scheme used in the NMR

resonances assignment of D.

Scheme S5. Atom labeling schemes used in the NMR resonances assignment of H, I; and L.
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Scheme S6. Atom labeling schemes used in the NMR resonances assignment of J1, Jn1 and Jo.
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Diacetal Dialdehyde
M = 604.66 g/mol M=512.52 g/mol

Acetal-Hemiacetal Hemicetal-Aldehyde
M = 590.63 g/mol M = 544.56 g/mol

Hemicetal-Hemiacetal Acetal-Aldehyde
M=576.61 g/mol M = 558.59 g/mol

Scheme S7. Hydrolysis of two acetal groups of I in HCI solution.

thiosemicarbazide EN

HL-HCl —— HL

Y

"hemiacetal+aldehyde“-HCl

. thiosemicarbazide
acetal "hemiacetal+aldehyde* » HL

thlosemicarbazide, only with HC

Et;N
HL-HCI —— HL

Scheme S8. Last steps in the synthesis of TSCs.
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Comments to Scheme S8.

The condensation reactions of hemiacetal and aldehydes Jni, Ji, J2 with 4,4-dimethyl-3-
thiosemicarbazide have been investigated. Several approaches shown in Scheme S6 were explored.
First, the mixture of hemiacetal and aldehyde Ju1, J1 as hydrochlorides was allowed to react with
4,4-dimethyl-3-thiosemicarbazide in boiling ethanol for 2 h. Further work up with Et3N (to remove
HCI as EtsN'-HCI) produced HL! as a solid (ca 50% yield). Then the mixture of hemiacetal and
aldehyde Jn1, J1 was allowed to react with 4,4-dimethyl-3-thiosemicarbazide in boiling ethanol for
2 h to give rise to HL!. In both cases, no hemiacetal and aldehyde were observed after heating.
These approaches demonstrated the -C=N— bond formation between hemiacetal group of Jn1 as
well as aldehyde group of J1 and amino group of 4,4-dimethyl-3-thiosemicarbazide in the presence
of HCI (1) or in its absence (2). Some examples of the direct -C=N- bond formation between
acetal and amino groups (in the presence of catalyst and temperatures above 100 °C in closed
systems) were reported in the literature.> To examine our system the condensation of acetal Iy
was performed in boiling ethanol in the absence and in the presence of HCl. According to ESI
mass spectrometry, in this one-pot synthesis acetal Iy can directly react with 4,4-dimethyl-3-
thiosemicarbazide under mild conditions (ethanol, 80 °C, 2 h) only in the presence of HCI, but the
reaction was not complete, required longer heating as well as some additional purification
procedures for HL!. Therefore, the synthetic procedure starting from hemiacetal and aldehyde Jui,

J1, J2 (xi) was used for the synthesis of HL'-H,L* as more convenient (xii).
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Scheme S10. Atom labeling scheme used in the NMR resonances assignment of H, L4,
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Table S1. Optimisation of reaction conditions in step (x) to improve the yield of L.

EtsN H-TFA 13-18 -
T™™G H-TFA 34.2 21.9 3/1
™G H-TFA 52.2 18 5.8/1
™G H-TFA 67.3 traces ~30/1
™G H 79.6 11 14.5/1
™G H 56.9 9.5 11.9/1
K2COs3 H - 43 -
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