
 
 

Supplementary Information 
 

to the manuscript: 
 

Trifunctionalized naphthalene diimides and dimeric analogues as G-
quadruplex-targeting anticancer agents selected by affinity chromatography 

 

Chiara Platella,‡,a Valentina Pirota,‡,b Domenica Musumeci,a Federica Rizzi,b Sara Iachettini,c 

Pasquale Zizza,c Annamaria Biroccio,c Mauro Freccero,b Daniela Montesarchio,a,* Filippo Doriab,*  

aDepartment of Chemical Sciences, University of Naples Federico II, 80126 Naples, Italy 
bDepartment of Chemistry, University of Pavia, 27100 Pavia, Italy 
cOncogenomic and Epigenetic Unit, IRCCS - Regina Elena National Cancer Institute, 00144 Rome, 
Italy 
 
Contents                    Page 

Figure S1. Amount of the released ligands NDI-1-NDI-5 as a function of the       S1 

volume of washing/releasing solutions.  

Figure S2. Amount of the released ligands NDI-6-NDI-12 as a function of the     S2 

volume of washing/releasing solutions.  

Figure S3. Amount of the released ligands NDI-1-NDI-12 as a function of                                    S3 

the volume of washing/releasing solutions. 

Figure S4. CD spectra of tel26, cmyc and ds27 in the absence and presence of      S4 

increasing amount of NDI-9. 

Figure S5. Melting curves for tel26, cmyc and ds27 in the absence and presence     S5 

of 6 equivalents of NDI-5 or NDI-9. 

Figure S6. CD spectra of tel26 in the absence and presence of increasing        S6 

amounts of NDI-5 and melting curve for tel26/NDI-5 mixture (1:6). 

Figure S7. CD spectra of cmyc and ds27 in 10 mM Tris-HCl, 10% DMSO buffer (pH 7).             S7 

Figure S8. Fluorescence spectra of NDI-5 in the absence and presence of         S8 

tel26, cmyc and ds27. 

Figure S9. Fluorescence experiments for NDI-9.        S9 

HPLC purity data for the here synthesized NDIs.          S10-S13 

ESI-MS data (m/z) for the here synthesized NDIs        S14-S23 
1H- and 13C-NMR characterization for the here synthesized NDIs.                    S24-S34 



S1 
 

 
Figure S1. Amount of the released ligands NDI-1-NDI-5, expressed as percentage of the quantity loaded on 

nude CPG (-■-), CPG-tel26 (-♦-), CPG-cmyc (- -) and CPG-ds27 (-▲-) as a function of the volume of the 

washing solution 50 mM KCl, 10% DMSO, 10% CH3CH2OH (blue line) and the releasing solutions 2.5 M 

CaCl2, 15% DMSO (red line) or pure DMSO (green line). The errors associated with the % are within ± 2%. 
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Figure S2. Amount of the released ligands NDI-6-NDI-12, expressed as percentage of the quantity loaded on 

nude CPG (-■-), CPG-tel26 (-♦-), CPG-cmyc (- -) and CPG-ds27 (-▲-) as a function of the volume of the 

washing solution 50 mM KCl, 10% DMSO, 10% CH3CH2OH (blue line) and the releasing solutions 2.5 M 

CaCl2, 15% DMSO (red line) or pure DMSO (green line). The errors associated with the % are within ± 2%. 
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Figure S3. Amount of the released ligands NDI-1-NDI-12, expressed as percentage of the quantity loaded on 

A) CPG-tel26, B) CPG-cmyc and C) CPG-ds27 as a function of the volume of the washing solution (50 mM 

KCl, 10% DMSO, 10% CH3CH2OH). The errors associated with the % are within ± 2%. 
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Figure S4. CD spectra of 2 µM solutions of: A) tel26, B) cmyc and C) ds27 in 20 mM KCl, 5 mM KH2PO4, 

10% DMSO buffer (pH 7) in the absence and presence of increasing amount of NDI-9 (up to 6 equivalents). 
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Figure S5. Melting curves for A) tel26, B) cmyc and C) ds27 in 20 mM KCl, 5 mM KH2PO4, 10% DMSO 

buffer (pH 7) in the absence (black lines) and presence of 6 equivalents of NDI-5 (red lines) or NDI-9 (blue 

lines) recorded at 290, 263 and 251 nm, respectively. 
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Figure S6. CD spectra of A) tel26 20 µM solution in 10 mM Tris-HCl, 10% DMSO buffer (pH 7), in the 

absence and presence of increasing amounts of NDI-5 (up to 6 equivalents), and related melting curve B) for 

tel26/NDI-5 mixture (1:6) recorded at 290 nm. 
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Figure S7. CD spectra of: A) cmyc and B) ds27, each 20 µM solutions in 10 mM Tris-HCl, 10% DMSO buffer 

(pH 7). 
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Figure S8. Fluorescence spectra of NDI-5 in the absence and presence of: A) tel26, B) cmyc and C) ds27. The 

total molar concentration ([ligand] + [DNA]) was kept constant at 2 µM. The experiments were performed in 

20 mM KCl, 5 mM KH2PO4, 10% DMSO buffer (pH 7). The excitation wavelength was 526 nm. The arrows 

indicate the increasing NDI concentration. 
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Figure S9. Fluorescence experiments for NDI-9. Left: Job plot analyses for NDI-9 incubated with: A) tel26, 

C) cmyc and E) ds27. The total molar concentration ([ligand] + [DNA]) was kept constant at 2 µM. Right: 

Dependence of the fluorescence intensity for NDI-9 as a function of: B) tel26 G4, D) cmyc G4 and F) ds27 

hairpin duplex concentration. The experiments were performed in 20 mM KCl, 5 mM KH2PO4, 10% DMSO 

buffer (pH 7). The excitation wavelength was 518 nm and the here reported fluorescence intensity was taken 

at 584 nm. 
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HPLC purity data for the here synthesized NDIs 
 

HPLC analyses were performed using an Agilent system SERIES 1260 with XBridge® BEH C18 

column (2.5 µm, 4.6 x 50 mm). The method used to analyse the pure compounds is reported in the 

experimental section. 

 
NDI-4 (tR = 4.71 min, Area = 99.9%) 
 

 
 
NDI-5 (tR = 5.25 min, Area = 97.2%) 
 

 
 
NDI-16 (tR = 5.27 min, Area = 99.0%) 
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NDI-18 (tR = 8.08 min, Area = 94.4%) 
 

 
 

NDI-7 (tR = 6.49 min, Area = 97.4%) 
 

 
 
NDI-8 (tR = 6.57 min, Area = 94.6%) 
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NDI-9 (tR = 6.66 min, Area = 95.1%) 
 

 
 
NDI-10 (tR = 6.50 min, Area = 97.1%) 
 

 
 
NDI-11 (tR = 7.13 min, Area = 96.6%) 
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NDI-12 (tR = 7.17 min, Area = 95.1%)  
 

 
 
NDI-6 (tR = 5.47 min, Area = 95.4%) 
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ESI-MS data (m/z) for the here synthesized NDIs        
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NDI-18 
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NDI-7 
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NDI-8 
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NDI-9 
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NDI-10 
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NDI-11 
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NDI-6 
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1H- and 13C-NMR characterization for the here synthesized NDIs        
 
NDI-4•3CF3COOH. 1H-NMR (300 MHz, CD3OD)

 
 
NDI-4•3CF3COOH. 13C-NMR (75 MHz, CD3OD)
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NDI-5•2CF3COOH. 1H-NMR (300 MHz, D2O) 

 
 
NDI-5•2CF3COOH. 13C-NMR (75 MHz, D2O) 
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NDI-16•3CF3COOH. 1H-NMR (300 MHz, CD3OD) 

 
 
NDI-16•3CF3COOH. 13C-NMR (300 MHz, CD3OD) 
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NDI-18. 1H-NMR (300 MHz, DMSO-d6) 

 
NDI-18. 13C-NMR (75 MHz, DMSO-d6) 
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NDI-7•2CF3COOH. 1H-NMR (300 MHz, CD3OD) 
 

  
 
NDI-7•2CF3COOH. 13C-NMR (75 MHz, CD3OD) 
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NDI-8•2CF3COOH. 1H-NMR (300 MHz, D2O) 

 
 
NDI-8•2CF3COOH. 13C-NMR (75 MHz, D2O) 
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NDI-9•2CF3COOH. 1H-NMR (300 MHz, D2O) 

 
NDI-9•2CF3COOH. 13C-NMR (300 MHz, D2O) 
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NDI-10•2CF3COOH. 1H-NMR (300 MHz, D2O) 

 
 
NDI-10•2CF3COOH. 13C-NMR (300 MHz, D2O) 
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NDI-11•2CF3COOH. 1H-NMR (400 MHz, DMSO-d6) 

   
 
NDI-11•2CF3COOH. 13C-NMR (100 MHz, DMSO-d6) 
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NDI-12•2CF3COOH. 1H-NMR (400 MHz, DMSO-d6) 

 
 
NDI-12•2CF3COOH. 13C-NMR (400 MHz, DMSO-d6) 

 
 
 

 



S34 
 

NDI-6•3CF3COOH. 1H-NMR (300 MHz, D2O) 

 
 
NDI-6•3CF3COOH. 13C-NMR (75 MHz, D2O) 

 
 


