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Table S1. Crystallographic data and refinements of complexes 1-2. 

Formula C30H28Cl4Cu2N8O4 C15.5H13Cl3N4NiO  

Mr 833.5 436.36 

Crystal system 

Space group 

Triclinic 

P-1 

Monoclinic 

C2/c 

a/Å 

b/Å 

c/Å 

α/o 

β/o 

γ/o 

7.2964(6)  

12.525(2) 

18.5544(13) 

98.673(10) 

90.269(7) 

100.984(12) 

19.4265(15)  

16.5159(11)  

10.8190(7)  

90.00  

100.521(7)  

90.00  

3412.9(4)  

V/Å3 1644.6(4) 982.69(1) 

T/K 293(2) 293(2) 

Z 2 8 

Dc/g.cm–3 1.683 1.698  

θ/o 6.66 to 50.7° 6.86 to 52.74° 

F (000) 844.0 1768.0 

μ (Mo, Kα)(mm–1) 1.669 1.618 

Total no. reflns 18393 17263 

No. indep. reflns 6005 3492 

Rint 0.0714 0.0554 

R1 [I＞2σ (I)] 0.1181 0.0507 

ωR2(all data) 0.3269 0.1408 

Gof(F2) 1.090 1.054 
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Table S2. Selected bond lengths (Å) and angles (o) for complex 1. 

Bond names Bond length(Å) Bond angle Angle(o) 

Cu1－N1 2.004(9) N1－Cu1－N3 80.3(3) 

Cu1－N3 2.049(10) N1－Cu1－Cl2 172.8(3) 

Cu1－Cl2 2.254(3) N3－Cu1－Cl2 92.6(2) 

Cu1－Cl1 2.267(4) N1－Cu1－Cl1 93.8(3) 

Cu1－Cl2a 2.706(4) N3－Cu1－Cl1 159.8(3) 

Cl2－Cu1a 2.706(4) Cl2－Cu1－Cl1 92.81(13) 

O1－C14 1.366(14) N1－Cu1－Cl2a 92.2(3) 

N1－C5 1.333(14) N3－Cu1－Cl2a 95.3(3) 

N1－C1 1.340(14) Cl2－Cu1－Cl2a 88.94(11) 

N3－C6 1.300(15) Cl1－Cu1－Cl2a 104.27(17) 

N3－N2 1.351(11) Cu1－Cl2－Cu1a 91.06(11) 

C4－C3 1.354(15) C5－N1－C1 118.0(9) 

C4－C5 1.367(13) C5－N1－Cu1 113.0(7) 

N2－C5 1.339(14) C1－N1－Cu1 128.9(7) 

N4－C7 1.320(13) C6－N3－N2 119.0(10) 

N4－C15 1.359(14) C6－N3－Cu1 131.2(7) 

 

Table S3. Selected bond lengths (Å) and angles (o) for complex 2. 

Bond names Bond length(Å) Bond angle Angle(o) 

Ni1－Cl2 2.3266(13) Cl3－Ni1－Cl2 155.72(5) 

Ni1－Cl3 2.3083(13) N1－Ni1－Cl2 96.18(10) 

Ni1－N1 2.077(3) N1－Ni1－Cl3 92.37(10) 

Ni1－N 1.985(3) N1－Ni1－N10 155.58(3) 

Ni1－N10 2.126(4) N－Ni1－Cl2 98.02(11) 

N1－C8 1.333(5) N－Ni1－Cl3 105.93(1) 

N1－C13 1.361(5) N－Ni1－N1 78.85(14) 

O－C12 1.355(5) N－Ni1－N10 77.17(14) 

Cl1A－C26 1.648(6) N10－Ni1－Cl2 91.66(10) 

C4－C13 1.421(6) N10－Ni1-Cl3 89.81(10) 

C4－C24 1.408(7) C8－N1－Ni1 112.1(3) 

C4－C 1.404(7) C8－N1－C13 119.1(4) 

N－C6 1.287(5) C13－N1－Ni1 128.6(3) 

 

 

 

Table S4. Inhibitory rates (%) of L, complexes 1 and 2 (20.0μM) towards seven selected 
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tumour cells and one normal liver cells for 48 h. 

 Hep-G2 SK-OV-3 MGC80-3  HeLa T-24 BEL-7402 NCI-H460 HL-7702 

L 24.51±0.72 30.04±7.63 28.80±1.10 14.25±0.47 27.85±5.12 30.08±0.62 31.81±1.41 12.94±1.08 

1 90.37±0.28 83.57±1.18 87.89±0.56 76.51±2.29 86.15±0.52 95.00±0.40 79.80±0.85 79.55±1.98 

2 25.24±3.95 32.56±2.63 34.17±1.31 47.77±1.80 50.11±5.38 28.99±1.17 37.50±4.17 28.80±1.49 
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Figure S1. Time-dependent stability studies on L, complexes1and2 in PBS monitored by UV-vis 

absorption spectra. 
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Figure S2. Time-dependent stability studies on L, complexes1and2 in TBS monitored by HPLC. 

 

 
Figure S3. IR of ligand L. 
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Figure S4. IR of complex 1 

 
Figure S5. IR of complex 2. 
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Figure S6. 1H NMR of ligand L. 

 
Figure S7. 13C NMR of ligand L. 
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Figure S8. MS of ligand L. 

 
Figure S9. MS of complex 1 

 

Figure S10. MS of complex 2. 

 

Experimental methods 

Complex 1 induced Ca2+ Fluctuation. The level of intracellular free Ca2+ was decided by 
using a fluorescent dye Fluo-3 AM which can across the MGC80-3 cell membrane and be cut 
into Fluo-3 by intracellular esterase. The Fluo-3 can specifically combine with the Ca2+ and has 
a strong fluorescence with an excitation wavelength of 488.0 nm. After exposed to copper(II) 
complex 1 (10.0 μM), the MGC80-3 cells were harvested and washed twice with PBS, then 
resuspended in Fluo-3 AM (5.0 μM) for 30.0 min in dark. Detection of intracellular Ca2+ was 
carried by Flow cytometer at 525.0 nm excitation wavelength. 

Complex 1 induced the loss of Δψ in MGC80-3 cells. Depolarization of mitochondrial 
membrane potential (Δψ) for cell apoptosis results in the loss of JC-1 
(5,5′,6,6′-tetrachloro-1,1′,3,3′-tetraethylbenzimidazolylcarbocyanine) staining from the 
mitochondria and a decrease in intracellular fluorescence intensity. After 24.0 h treatment 
with or without copper complexes 1 (10 μM), the MGC80-3 cells were harvested and washed 
twice in cold PBS, then resuspended in JC-1 staining (5 μg/mL) for 20-30 min in dark, and 
examined by flow cytometry.[1–8] The emission fluorescence for JC-1 was monitored at 590 nm, 
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under the excitation wavelength at 488 nm. 
Assessment on the caspase-3 and caspase-9 activation for MGC80-3 cell apoptosis. The 

measurement of caspase-3 and caspase-9 activity was performed by CaspGLOW Fluorescein 
Active Caspase-3 and caspase-9 Staining Kit.[1–8] 1×106 of MGC80-3 cells were cultured for 24.0 
h. After a treatment with copper complex 1 (10 μM) for 24 h, these MGC80-3 cells were 
harvested and washed 5 times with cold PBS and were then mixed with 500 μL culture. 1.0 μL 
of FITC-DEVD-FMK or FITC-LEHD-FMK was consequently added and incubated for 2.0 h at 
37 ℃ with 5% CO2. The MGC80-3 cells were then examined by a FACSAria II flow cytometer 
equipped with a 488 nm argon laser and results were represented as the percent change on 
the activity in comparing with the control cells. 

Reactive oxygen species (ROS) levels detection. DCFH-DA is a freely permeable tracer 
specific for ROS. DCFH-DA can be deacetylated by intracellular esterase to the 
non-fluorescent DCFH which is oxidized by ROS to the fluorescent compound 2’,7’-dichloro 
florescein (DCF). Thus, 1.0×106 cells were exposed to copper complex 1 (10 μM) for 24 h, and 
1.0 mM H2O2 used as a positive control of ROS production. After the exposure, these 
MGC80-3 cells were harvested, washed once with ice-cold PBS and incubated with DCFH-DA 
(100.0 μM in a final concentration) at 37 ℃ for 20-30 min in the dark. Finally, the MGC80-3 
cells were washed again and maintained in 1.0 mL PBS. Finally, the ROS generation was 
assessed from these cells each sample by FACSAria II flow cytometer with excitation and 
emission wavelengths of 488.0 and 530.0 nm, respectively.[1–10] 

Western blotting. The MGC80-3 cells harvested from each well of the culture plates 
were lysed in 150 μL of extraction buffer consisting of 149.0 μL of RIPA Lysis Buffer and 1.0 
μL PMSF (100.0 mM). The suspension was centrifuged at 10000 rpm at 4.0 C for 10.0 min, 
and the supernatant (10.0 μL for each sample) was loaded onto 10% polyacrylamide gel and 
then transferred to a microporous polyvinylidene difluoride (PVDF) membrane. Western 
blotting was performed using anti-cytochrome c, anti-apaf-1, anti-bax, anti-bcl-2 and 
anti-β-actin antibody and horseradish peroxidase-conjugated antimouse or antirabbit 
secondary antibody. Protein bands were visualized using chemiluminescence substrate. 
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