
File S1. Supplementary method 

 

Synthesis of chromene derivatives 

 

All chemicals and solvents (reagent grade from Sigma Aldrich) were used without 

further purification.  Melting points were determined on a Stuart Scientific melting point 

apparatus model SMP 10 and are uncorrected. IR spectra were recorded on a Nicolet 

Impact 410 FT-IR spectrometer (4000-400 cm-1) as a potassium bromide (KBr) disc 

with 4 cm-1 resolution.  1H NMR and 13C NMR spectra were run on Varian 400 MHz 

and Mercury 200 MHz NMR spectrometers. The proton chemical shifts were reported 

in parts per million (δ ppm) and coupling constants (J) in Hertz (Hz). Letters s, d, t, m, 

br s refer to singlet, doublet, triplet, multiplet, and broad singlet, respectively. ESI-MS 

and HRMS spectra of the compounds were recorded on JEOL JMS-600H high 

resolution mass spectrometer. 

  

1. Synthesis of chromene C1 

A stirred mixture of 2-naphthol (1.44 g, 10 mmol), benzaldehyde (10 mmol), malonitrile 

(0.660g, 10 mmol), and two drops of piperidine in bench ethanol (10 mL) was refluxed 

in a microwave reactor at 80°C (dynamic power 25-30 W) for 5-15 minutes.  The 

resulting solid was filtered and washed with cold ethanol several times and dried under 

vacuum. Recrystallization in ethanol was performed to obtain spectroscopically pure 

materials.  

Yield: 2.77 g (93%);  mp: 220-223°C;  IR (KBr pellet, cm-1): 3441, 3299, 3184, 2205, 

1653, 1600, 1399;1H NMR (400 MHz, DMSO-d6): δ 4.87 (s, 1H), 7.06 (d, J=8.4Hz, 

1H), 7.15-7.29 (m, 6H), 7.50-7.62 (m, 3H), 7.83 (d, J= 8.4 Hz, 1H), 8.24-8.26 (m, 1H);  

13C NMR (100 MHz, DMSO-d6): δ 41.4, 56.7, 118.4, 121.1, 121.2, 123.2, 124.3, 

126.7, 127.1, 127.2, 127.4, 128.1, 129.2, 133.1, 143.2, 146.2, 160.6; HRMS (+ESI): 

calcd. for C20H14N2O, 298.1101, found 298.1077.  

  

 2. Synthesis of Schiff base C2 

  

C1 (298 mg, 1.0 mmol) and salicylaldehyde (134 mg, 1.1 mmol) were added to 10 mL 

of dry ethanol. The mixture was stirred and refluxed for 13 hours. The solution was 

kept in a refrigerator and the resulting yellow solids were collected, washed with cold 

ethanol, and dried under vacuum.   

Yield: 229 mg (57%);  mp: 243-249 °C, mixture of diastereoisomers; IR (KBr pellet, 

cm-1): 3343, 2210, 2184, 1657, 1632, 1597, 1560, 1452; 1H NMR (400 MHz, DMSO-

d6): δ 4.85 (s, 1H), 5.26 (s, 1H), 3.77 (s, 3H), 4.40 (m, 0.5H), 5.25 (s, 1H), 7.05-7.07 

(m, 4H), 7.17-7.35 (m, 11H), 6.96-7.18 (m, 6H), 7.49-7.62 (m, 6H), 7.82-7.89 (m, 

2H),7.99-8.02 (m, 1H), 8.22 (d, J=8.8 Hz, 1H), 8.46 (d, J=8.4 Hz, 1H),9.49 (s, 

1H),11.93 (s br, 1H);  13C NMR (100 MHz, DMSO-d6): δ 41.3, 42.5, 56.6, 87.1, 116.8, 

117.6, 117.9, 118.35, 119.5.120.3,121.08, 121.0, 121.6, 123.2, 123.5, 124.3, 124.3, 



125.5, 126.5, 126.7,127.1, 127.2, 127.4, 127.6, 128.1, 128.2, 128.9, 129.2, 129.5, 

133.1, 133.5, 133.6, 136.2, 143.0, 143.1, 143.9, 146.2, 157.0, 160.6,161.3, 164.2; 

HRMS (+ESI): calcd for C27H18N2O2, 402.1368, found 402.1013. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Figure S1 (a) 

 

 
Figure S1 (b) 



 
Figure S1 (c) 

 
Figure S1 (d) 

Figure S1. Synthesis and characterization of chromene compound C1. (a) - 1H 
NMR spectrum of chromene C1 in DMSO-d6. (b) - 13C NMR spectrum of chromene 
C1 in DMSO-d6.  (c) Low resolution mass spectrum of chromene C1. (d)  High 

resolution mass spectrum of chromene C1. 



 

 
Figure S2 (a) 

 

 
Figure S2 (b) 

 

 

 



Figure S2 (c) 

Figure S2 (d) 

 

 

 



Figure S2 (e) 

 

 

Figure S2 (f) 



 

Figure S2 (g) 

Figure S2. Synthesis and characterization of chromene compound C2. (a) 1H 
NMR spectrum of chromene C2 in DMSO-d6. (b) - Full 13C NMR spectrum of 
chromene C1 in DMSO-d6. (c) Expanded 13C NMR spectrum of chromene C2 
in DMSO-d6. (d) Expanded 13C NMR spectrum of chromene C2 in DMSO-d6 (e) 
Low resolution mass spectrum of chromene C2. (f) High resolution mass spectrum of 
chromene C2. (g) Infrared spectrum of chromene C1 

 

 

 



 

 

 

 

 

 

Figure S3. Chromene C1 and C2 induces cellular mortality and inhibit 
anchorage-dependent colony formation of Hs578T triple negative breast cancer 
cells. (A-B) Determination of cellular viability through cell counting. Hs578T cells were 
treated with vehicle (0.1% DMSO) and the indicated concentrations of chromene C1 
(A) or C2 (B) for 24 and cell viability was monitored using the Muse cell analyzer as 
described in materials and methods. Data represent the mean ± SEM of three 
independent experiments. (C-D) Inhibition of colony growth Hs578T colony growth. 
Hs578T cells were cultured for 3 days before adding freshly prepared growth medium 
with or without various concentrations of chromene C1 or C2.  
 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

Figure S4. Chromene C1 and C2 activate the extrinsic apoptotic pathway in 
Hs578T cells. (A-B) Western blot analysis of caspase-8 and PARP cleavage in 
Hs578T cells treated with or without the indicated concentrations of C1 (A) or C2 (B). 
(C) Stimulation of caspase 3/7activity in Hs578T cells after exposure to C1 for 24 hrs. 
The relative caspase 3/7 activity was normalized to the number of viable cells per well 
and is expressed as fold of activation compared to the control cells. Data represent 
the mean ± SEM of 3 independent experiments carried out in triplicate. (*) Significantly 
different at P < 0.05, **Significantly different at P < 0.005. 
 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Figure S5. Chromene C1 and C2 induce multinucleation in Hs578T cells. (A) 
Morphological changes observed in Hs578T cells treated for 24 hrs with or without 
0.25 mM of C1 or C2. Cells were observed under EVOS XL Core Cell Imaging System 
(Life Technologies) at 400X. (B) Treated Hs578T under the same condition as in 
section (A) above were subjected to Hematoxylin-Eosin staining. Cells were 
photographed under Olympus light microscope at 200X equipped with DP74. (C-D) 
quantification of multinucleated cells treated Hs578T with C1 (C) or C2 (D). 
 

 



 

 

 

 

 

 

 

 

Figure S6. C1 and C2 induce a mitotic arrest in Hs578T cells. (A-C) Cell cycle 
distribution analysis in Hs578T cells treated with and without C1 or C2 for 24 hrs. 
Values are represented as mean ± SEM of 3 independent experiments carried out in 
duplicate (*p < 0.05, **p < 0.005). (D) Western blot analysis of H3pSer10, a marker of 
M phase, in Hs578T cells treated with or without C1 or C2. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S7. Induction of senescence in C1- and C2-treated Hs578T cells. (A-D) 
Detection of senescence in C1- and C2-treated cells. Hs578T cells were incubated 
with or without chromene C1 or C2 for 48 hrs and stained for SA-β-Galactosidase 
activity to detect senescence. Values are represented as mean ± SEM of 3 
independent experiments (*p < 0.05, ***p < 0.001). (E-F) Upregulation of p16 and p21 
protein levels. Cells were treated with or without the indicated concentrations of C1 
(E) or C2 (F) for 24 hrs and the protein level of p16, and p21 was examined by western 
blotting. 
 

 

 

 



 

 

 
 

 
 

 
 
 
 

 
 
 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 
 
 
 
 
 

 
 
 
Figure S8. Ligand interaction diagram showing residues that interact with docked (A) 
C1 and (B) C2 and (C) co-crystallized colchicine. Chain A is -tubulin and chain B is 
-tubulin. Chain A residues are indicated by the letter “A” near the residue name and 
chain B residues indicated by the letter “B”. 
 

 


