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1. Materials and Instrumentation 

1.1. Materials 

Chemicals were obtained from the following suppliers and used without further purification: o-

vanillin, (Roth), anhydrous zinc chloride (ZnCl2) (GRÜSSING GmbH), thiosemicarbazide hydrochloride (3) 

(TCI), potassium thiocyanate (KSCN), anhydrous potassium carbonate  (K2CO3), sodium bicarbonate 

(NaHCO3), sodium sulphate anhydrous (Na2SO4), sodium hydroxide (NaOH) and 3% hydrogen peroxide 

(H2O2) (ADWIC). 

1.2. Instrumentation 

Melting points (uncorrected) were determined in open glass capillaries on a Gallenkamp melting point 

apparatus. Elemental analyses for C, H, N and S were performed with a Perkin–Elmer 263 elemental 

analyzer. FT-IR spectra were recorded on a BRUKER Tensor-37 FT-IR spectrophotometer in the range 

400–4000 cm–1 as KBr discs or in the 4000-550 cm–1 region with 2 cm–1 resolution with an ATR (attenuated 

total reflection) unit (Platinum ATR-QL, Diamond). For signal intensities the following abbreviations were 

used: br (broad), sh (sharp), w (weak), m (medium), s (strong), vs (very strong). NMR-spectra were 

obtained with a Bruker Avance DRX200 (200 MHz for 1H) or Bruker Avance DRX500 (500 MHz for 13C) 

spectrometer with calibration to the residual proton solvent signal in DMSO-d6 (1H NMR: 2.52 ppm, 13C 

NMR: 39.5 ppm), CDCl3 (1H NMR: 7.26 ppm, 13C NMR: 77.16 ppm) against TMS with δ = 0.00 ppm. 

Multiplicities of the signals were specified s (singlet), d (doublet), t (triplet), q (quartet) or m (multiplet). 

The mass spectra of the synthesized salicyldehyde ionic liquids (Sal-ILs) were acquired in the linear mode 

for positive ions on a BRUKER Ultraflex MALDI-TOF instrument equipped with a 337 nm nitrogen laser 

pulsing at a repetition rate of 10 Hz. 

2. Preparation of benzenediazonium chloride 

An aqueous solution of PhN2
+Cl− is obtained by adding a stoichiometric amount of NaNO2 at 0–5 °C 

to the solution obtained from aniline and excess hydrochloric acid in water. An excess of nitrite ions at the 

end of the reaction should be avoided, since they reduce the stability of the diazonium salt solution and can 

interfere with some further transformations. 

3. Preparation of 7-hydroxy-4-methylquinolin-2(1H)-one (HMQ) 

A mixture of 3-aminophenol (20.0 g, 183.3mmol) and ethyl acetoacetate (23.3mL, 183.3 mmol) was 

heated at 150 ᵒC for 20 h to give a yellow sticky mass which after cooling solidified upon treatment with 

methanol (30 mL). The solid was chromatographed on silica gel, eluting with dichloromethane to yield the 

following, in order of elution. (i) 4-Methyl-7-aminocoumarin (7%; EtOH): mp 222 ᵒC, 1H NMR (acetone-

d,) 6 7.45 (d,J = 8.6 Hz, 1H, H-5), 6.65 (dd, J = 8.6 and 2.2 Hz, 1H, H-6), 6.50 (d,J = 2.2 Hz, 1H, H-8), 

5.94 (q, J = 1.1Hz, 1H, H-3), 2.38 (d,J = 1.1Hz, 3 H, Me-4). Anal. Calcd for Cl0H8NO2: C, 68.56; H,5.18; 
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N, 8.00. Found: C, 68.33; H, 5.19; N, 7.93. (ii) 4-Methyl-5-hydroxyquinolin-2-one (8) (16%; MeOH): mp 

300 ᵒC; 'HNMR (acetone-d6)6 7.28 (dd, J = 8.1 and 8.0 Hz, 1H, H-7), 6.80 (dd,J = 8.1and 1.1Hz, 1H, H-6 

or H-81, 6.61 (dd,J = 8.0 and 1.1Hz, 1H, H-6 or H-8), 6.28 (q, d = 1.2 Hz, 1H, H-31, 2.72 (d,J = 1.2Hz, 3 

H, Me-4). Anal. Calcd for C10H8NO2:C, 68.56; H, 5.18; N, 8.00. Found: C, 68.26; H, 5.15; N, 7.91. 
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Figures Captions 

Fig. S1: 1H NMR spectrum of the newly synthesized ligand (PAHMQ) in DMSO-d6. 

Fig. S2: 13C NMR spectrum of PAHMQ. 

Fig. S3: 1H NMR spectrum of PAHMQ in a DMSO-d6-D2O mixture.  

Fig. S4: Thermal curves of PAHMQ.  

Fig. S5: Thermal curves of CoPAHMQ.  

Fig. S6: Thermal curves of CuPAHMQ.  

Fig. S7: Thermal curves of ZnPAHMQ.  

Fig. S8: Morphological alterations of untreated MCF-7 cells (control)  

Fig. S9: Morphological alterations of MCF-7 cells after 24 h treatment with serial concentrations PAHMQ.  

Fig. S10: Morphological alterations of MCF-7 cells after 24 h treatment with serial concentrations of CoPAHMQ.  

Fig. S11: Morphological alterations of MCF-7 cells after 24 h treatment with serial concentrations of CuPAHMQ.  

Fig. S12: Morphological alterations of MCF-7 cells after 24 h treatment with serial concentrations of ZnPAHMQ.  

Fig. S13: Morphological alterations of untreated MCF-10A cells (control)  

Fig. S14: Morphological alterations of MCF-10A cells after 24 h treatment with serial concentrations PAHMQ.  

Fig. S15: Morphological alterations of MCF-10A cells after 24 h treatment with serial concentrations of CoPAHMQ.  

Fig. S16: Morphological alterations of MCF-10A cells after 24 h treatment with serial concentrations of CuPAHMQ.  

Fig. S17: Morphological alterations of MCF-10A cells after 24 h treatment with serial concentrations of ZnPAHMQ.  

 

 

 

 

 

 

 

 

 

 

 

 



S5 
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Fig. S2 

 

Fig. S3 



S7 

 

400.00 600.00 800.00 1000.00

Temp [K]

-0.00

20.00

40.00

60.00

80.00

100.00

%

TGA

-0.60

-0.40

-0.20

0.00

mg/min
DrTGA

-0.00

20.00

40.00

60.00

uV

DTAThermal Analysis Result

Ligand.tad

Ligand.tad
Ligand.tad

DTA

TGA
DrTGA

 

Fig. S4 
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Fig. S5 
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Fig. S6 
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Fig. S7 
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Fig. S8 
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Fig. S9 
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Fig. S10 



S12 

 

 

 

  

Fig. S11 
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Fig. S12 
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Fig. S13 



S15 

 

 

 

Fig. S14 
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Fig. S15 
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Fig. S16 
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Fig. S17 

 

 

 

 

 

 



S19 

 

Table S1: List of primers sequences used for RT-PCR analysis 

Primers Forward sequence Reverse sequence 

P53 5`-AACGGTACTCCGCCACC-3` 5`-CGTGTCACCGTCGTGGA-3` 

Bax 5`-CTGAGCTGACCTTGGAGC-3` 5`-GACTCCAGCCACAAAGATG-3` 

Bcl2 5`-TATAAGCTGTCGCAGAGGGGCTA-3` 5`-GTACTCAGTCATCCACAGGGCGAT-3` 
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Table S2: comparison between the anticancer activity of new Cu(II) complex with  reported ones  

Nr compound Structure IC50 (μM) Ref.  

1 Cisplatin 

 

12.25 ± 0.35 [S1] 

2 Carboplatin 

 

73.48 [S2] 

3 Oxaliplatin 

 

21.92 [S2] 

4 Cu(trp)2 

 

18.32 [S3] 

5 Cu(Hqmba)(qmbn) 

 

10.91 ± 1.1 [S4] 

6 Cu(Hqmba)2 

 

13.89 ± 1.1 [S4] 

7 CuPAHMQ  11.69 This work 
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Table S3 Results of molecular docking for two receptors. 

Compounds PDB ID Receptors 
Energy 

(kcal/mol) 

Bonds formed between functional groups of 

component and protein residues 

Functional 

groups 
Residues 

PAHMQ 

3OCB AKT1 kinase 

-6.4712 O, cyclohexone Thr 305, Lys 389 

CuPAHMQ 
-8.4891 

H2O, Benzene, Cl,  
Glu 322, Lys 386, Glu 365, Met 

363 

Selumetinib -7.8964 Br, Benzene, OH Thr 195, Phe 161, Asp 274 

PAHMQ 

3QX3 

Topoisomerase II 

inhibitors 

 

-6.0931 Benzene, N, O, 

Cyclohexone 

Asn 867, Gln 742, Lys 739, Gly 

871, Asn 786 

CuPAHMQ 
-51.3505 

 

N, H2O, Benzene, 

Cl 

His 777, Asp 559, Glu 477, Gly 

504, Lys 505 

Doxorubicin 
-5.9348 

NH3, O, OH 
Gly 737, Gln 742, Lys 739, Arg 

945, Asn 786 
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