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Figure S1. 1D chain of 1. 

 

Figure S2. 2D layer of 1. 



 

Figure S3. Packing drawing of 1. 

 

Figure S4.The dimer structure of 3. 

 



 

Figure S5. Packing drawing of 3. 

 

Figure S6. Packing drawing of 4. 



 

Scheme S1. Possible reaction mechanism for compound 3. 

 

Figure S7. IR of 1. 



 

Figure S8. 1H NMR of 1.  

 

Figure S9. 13C NMR of 1. 



 

Figure S10. ESI-MS of 1. 

 

Figure S11. IR of 2. 



 

Figure S12. 1H NMR of 2.  

 

Figure S13. 13C NMR of 2. 



 

Figure S14. ESI-MS of 2. 

 

Figure S15. IR of 3. 



 

Figure S16. 1H NMR of 3. 

 

Figure S17. 13C NMR of 3. 



 

Figure S18. ESI-MS of 3. 

 

Figure S19. IR of 4. 
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Figure S20. IR of 5. 



Table S1. Selected bond lengths (Å) and bond angles (°) for compound 1. 

O2–C9 1.393 (5) O3–C11 1.193 (5) 

O2–C6 1.359 (4) C9–C10 1.474 (6) 

O1–C9 1.187 (5) C7–C8 1.408 (5) 

O4–C11 1.323 (5) C7–C6 1.356 (5) 

O4–C12 1.446 (5) C8–C11 1.479 (5) 

N2–N3 1.358 (4) N2–C5 1.422 (5) 

N2–C6 1.371 (5) N3–C8 1.323 (5) 

O3–C11–O4 124.8 (4) O2–C6–N2 123.2 (4) 

O3–C11–C8 123.0 (4) O2–C9–C10 109.8 (4) 

C6–N2–C5 130.8 (3) O1–C9–O2 120.9 (4) 

C8–N3–N2 104.7 (3) O1–C9–C10 129.2 (4) 

N3–C8–C11 122.8 (4) C6–C7–C8 104.3 (4) 

C7–C8–C11 124.8 (4) N3–C8–C7 112.4 (4) 

O4–C11–C8 112.3 (4) C7–C6–O2 128.8 (4) 

C6–O2–C9 116.7 (3) C7–C6–N2 107.7 (3) 

C11–O4–C12 116.4 (3) N1–C5–N2 115.8 (4) 

N3–N2–C6 110.9 (3) C4–C5–N2 120.2 (4) 

N3–N2–C5 118.1 (3)   

Table S2. Selected bond lengths (Å) and bond angles (°) for compound 2. 

O3–C9 1.321 (4) N3–N2–C6 111.3 (2) 

O3–C10 1.450 (4) C4–C5–N2 122.0 (3) 

N2–C5 1.410 (4) N1–C5–N2 114.1 (3) 

N2–C6 1.373 (4) N3–C8–C9 122.0 (3) 

N2–N3 1.371 (3) N3–C8–C7 113.1 (3) 

O1–C6 1.338 (4) C7–C8–C9 124.8 (3) 

C8–C9 1.481 (4) O1–C6–N2 123.1 (3) 

C8–N3 1.319 (4) O1–C6–C7 129.7 (3) 

C8–C7 1.404 (4) C7–C6–N2 107.3 (3) 

C6–C7 1.348 (4) O3–C9–C8 113.1 (3) 

C9–O2 1.202 (4) O2–C9–O3 125.0 (3) 

C9–O3–C10 116.1 (2) O2–C9–C8 122.0 (3) 

C6–N2–C5 128.0 (3) C8–N3–N2 103.5 (2) 

N3–N2–C5 120.6 (2) C6–C7–C8 104.7 (3) 



Table S3. Selected bond lengths (Å) and bond angles (°) for compound 3. 

O5–C13 1.326 (9) O4–C13–O5 125.4 (8) 

O5–C14 1.473 (11) O4–C13–C12 122.4 (7) 

O4–C13 1.183 (9) N4–C12–C13 120.2 (7) 

O6–C15 1.304 (9) N4–C12–C11 113.4 (7) 

O9–C25 1.327 (10) C11–C12–C13 126.5 (7) 

O3–C10 1.209 (10) C6–N3–N2 109.2 (7) 

O1–C7 1.206 (11) C20–N6–C16 115.1 (8) 

N4–N5 1.376 (9) N1–C5–N2 114.3 (7) 

N4–C12 1.311 (9) C4–C5–N2 121.0 (7) 

N8–C25 1.380 (11) C22–O8–C23 119.1 (10) 

N8–N7 1.385 (11) N3–C6–C9 113.6 (7) 

N8–C26 1.425 (11) N3–C6–C7 118.3 (8) 

O2–C7 1.316 (11) C7–C6–C9 128.1 (7) 

O2–C8 1.453 (12) C25–C24–C9 126.7 (8) 

N5–C16 1.411 (10) C25–C24–C21 106.0 (7) 

N5–C15 1.365 (9) C21–C24–C9 127.1 (7) 

O7–C22 1.181 (11) C6–C9–C24 110.1 (6) 

N2–N3 1.384 (9) C6–C9–C10 99.1 (6) 

N2–C5 1.429 (10) C11–C9–C6 116.0 (6) 

N2–C10 1.380 (10) C11–C9–C24 112.5 (6) 

C13–C12 1.479 (11) C11–C9–C10 115.0 (6) 

C12–C11 1.416 (10) C10–C9–C24 102.6 (6) 

N3–C6 1.248 (10) N6–C16–N5 114.2 (7) 

O8–C22 1.328 (13) C17–C16–N5 120.5 (8) 

O8–C23 1.505 (16) C12–C11–C9 129.8 (7) 

C6–C9 1.519 (11) C15–C11–C12 103.8 (6) 

C6–C7 1.491 (12) C15–C11–C9 126.4 (7) 

C24–C9 1.549 (11) O1–C7–O2 126.8 (9) 

C24–C25 1.347 (11) O1–C7–C6 123.0 (9) 

C24–C21 1.410 (12) O2–C7–C6 110.2 (8) 

C9–C11 1.502 (10) O9–C25–N8 121.4 (7) 

C9–C10 1.541 (12) O9–C25–C24 132.2 (8) 

C11–C15 1.372 (10) C24–C25–N8 106.4 (8) 

N7–C21 1.328 (11) C21–N7–N8 103.2 (7) 

C21–C22 1.487 (12) O6–C15–N5 123.1 (7) 

C13–O5–C14 114.3 (7) O6–C15–C11 129.6 (7) 

C12–N4–N5 103.9 (6) N5–C15–C11 107.3 (7) 

C25–N8–N7 111.8 (7) O3–C10–N2 125.1 (8) 

C25–N8–C26 128.2 (8) O3–C10–C9 129.8 (8) 

N7–N8–C26 120.0 (8) N2–C10–C9 104.6 (7) 

C7–O2–C8 116.9 (8) C24–C21–C22 128.9 (8) 

N4–N5–C16 120.5 (6) N7–C21–C24 112.5 (8) 



C15–N5–N4 111.6 (6) N7–C21–C22 118.6 (8) 

C15–N5–C16 127.9 (7) O7–C22–O8 123.9 (9) 

N3–N2–C5 120.8 (6) O7–C22–C21 125.5 (10) 

C10–N2–N3 112.5 (7) O8–C22–C21 110.6 (9) 

C10–N2–C5 126.2 (7) N9–C26–N8 113.5 (8) 

O5–C13–C12 112.1 (7) C27–C26–N8 121.2 (10) 

Table S4. Selected bond lengths (Å) and bond angles (°) for compound 4. 

Cu1–N16 1.979 (8) N16–Cu1–N3 127.7 (3) 

Cu1–N18 2.078 (9) N18–Cu1–N1 126.1 (4) 

Cu1–N1 2.105 (8) N3–Cu1–N18 122.9 (3) 

Cu1–N3 2.026 (8) N3–Cu1–N1 77.2 (3) 

Cu2–N7 1.976 (9) N7–Cu2–N12 129.7 (3) 

Cu2–N12 2.004 (8) N7–Cu2–N9 80.2 (3) 

Cu2–N9 2.064 (9) N7–Cu2–N10 124.3 (4) 

Cu2–N10 2.073 (9) N12–Cu2–N9 122.7 (3) 

N16–Cu1–N18 80.1 (3) 
N12–Cu2–N1

0 
79.7 (3) 

N16–Cu1–N1 130.1 (3) N9–Cu2–N10 127.3 (3) 

Table S5. Selected bond lengths (Å) and bond angles (°) for compound 5. 

Br3–C21 1.862(7) O10–C30 1.331(7) 

Br2–C11 1.859(8) O10–C31 1.447(8) 

N4–C11 1.321(8) N4–C15 1.332(8) 

O4–C16 1.187(7) O8–C28 1.309(8) 

O8–C29 1.459(8) O1–C6 1.351(8) 

N5–N6 1.367(7) N5–C16 1.389(8) 

N5–C15 1.427(7) N9–C27 1.280(8) 

N9–N8 1.372(7) O5–C19 1.181(8) 

O9–C30 1.183(8) N6–C18 1.291(8) 

C18–C19 1.489(8) C18–C19 1.522(8) 

N7–C21 1.326(9) N7–C25 1.333(8) 

O7–C28 1.211(8) N1–C5 1.301(10) 

N1–C1 1.334(9) N3–C8 1.312(8) 

N3–N2 1.354(8)  O2–C9 1.183(8) 

C27–C28 1.479(8) C27–C26 1.529(8) 

N2–C6 1.366(8) N2–C5 1.428(8) 

C19–O6 1.343(8) N8–C25 1.395(8) 

N8–C17 1.478(7) C16–C17 1.559(8) 

C30–C26 1.564(8) C15–C14 1.370(9) 

C5–C4 1.401(10) C17–C26 1.575(8) 

C26–C7 1.528(8) O6–C20 1.451(9) 

O3–C9 1.329(8) O3–C10 1.457(10) 



C8–C7 1.433(8) C8–C9 1.486(9) 

C11–C12 1.365(10) C25–C24 1.388(9) 

C1–C2 1.373(11) C1–Br1 1.830(8) 

C24–C23 1.390(10) C7–C6 1.369(8) 

C22–C21 1.360(10) C22–C23 1.376(10) 

C12–C13 1.384(10) C13–C14 1.388(9) 

C3–C2 1.372(13) C3–C4 1.376(11) 

C33–N10 1.111(19) C33–C32 1.41(2) 

C30–O10–C31 115.5(5)  C11–N4–C15 115.3(6)  

C28–O8–C29 115.7(6) N6–N5–C16 114.2(4) 

N6–N5–C15 118.8(4) C16–N5–C15 126.6(5)  

C27–N9–N8 108.5(5) C18–N6–N5 108.6(4)  

N6–C18–C19 121.7(5) N6–C18–C17 113.3(5)  

C19–C18–C17 124.9(5) C21–N7–C25 116.1(5)  

C5–N1–C1 116.5(6) C8–N3–N2 104.8(5) 

N9–C27–C28 122.5(5) N9–C27–C26 115.0(5) 

C28–C27–C26 122.0(5) N3–N2–C6 111.8(5) 

N3–N2–C5 120.8(5) C6–N2–C5 127.4(6) 

O5–C19–O6 126.5(6) O5–C19–C18 122.7(6) 

O6–C19–C18 110.8(5) N9–N8–C25 120.1(5) 

N9–N8–C17 112.8(4) C25–N8–C17 122.4(5) 

O4–C16–N5 127.0(5)  O4–C16–C17 128.5(5) 

N5–C16–C17 104.4(4) O9–C30–O10 126.2(5) 

O9–C30–C26 124.8(5) O10–C30–C26 108.9(5) 

N4–C15–C14 124.9(5) N4–C15–N5 114.3(5) 

C14–C15–N5 120.8(5) O7–C28–O8 126.2(6) 

O7–C28–C27 120.2(5)  O8–C28–C27 113.5(5) 

N1–C5–C4 125.3(6) N1–C5–N2 115.8(6) 

C4–C5–N2 118.9(6) N8–C17–C18 112.6(5) 

N8–C17–C16 113.1(4) C18–C17–C16 99.3(4) 

N8–C17–C26 101.4(4) C18–C17–C26 112.8(4) 

C16–C17–C26 118.1(5) C7–C26–C27 113.2(5) 

C7–C26–C30 110.7(5) C27–C26–C30 106.5(4)  

C7–C26–C17 113.1(4) C27–C26–C17 99.5(4) 

C30–C26–C17 113.2(4) C19–O6–C20 114.7(6)  



C9–O3–C10 114.5(6) N3–C8–C7 112.6(5) 

N3–C8–C9 119.1(5) C7–C8–C9 128.1(6) 

N4–C11–C12 126.5(7) N4–C11–Br2 114.2(5) 

C12–C11–Br2 119.2(5) N7–C25–C24 124.3(6)  

N7–C25–N8 112.4(5) C24–C25–N8 123.3(6) 

O2–C9–O3 125.2(6)  O2–C9–C8 124.5(6) 

O3–C9–C8 110.3(6) N1–C1–C2 124.2(8) 

N1–C1–Br1 117.2(6) C2–C1–Br1 118.6(6) 

C25–C24–C23 116.3(6) C6–C7–C8 103.1(5)  

C6–C7–C26 127.1(5) C8–C7–C26 129.8(5)  

O1–C6–N2 121.8(5)  O1–C6–C7 130.5(5)  

N2–C6–C7 107.7(5) C21–C22–C23 116.8(6)  

N7–C21–C22 125.7(6) N7–C21–Br3 114.4(5) 

C22–C21–Br3 119.9(5) C11–C12–C13 116.1(6) 

C12–C13–C14 120.2(6) C15–C14–C13 116.9(6)  

C2–C3–C4 120.4(7) C22–C23–C24 120.7(6) 

N10–C33–C32 177(2) C3–C4–C5 115.9(7) 

C3–C2–C1 117.6(7)   

Table S6. The Inhibition rates of compounds 1-5 towards different cell lines after incubation for 48 h. 

complexe

s 
BEL-7404 HepG2 NCI-H460 T-24 A549 HL-7702 

1 38.16±1.99 47.21±0.44 33.98±1.76 37.58±1.72 31.14±1.39 26.47±0.42 

2 20.17±1.18 43.05±0.74 38.04±0.62 42.54±0.96 22.35±1.74 24.68±0.59 

3 24.65±0.75 41.02±1.27 42.55±2.27 31.99±0.89 33.33±2.51 22.16±1.05 

4 39.61±1.43 53.27±0.92 33.59±1.38 43.25±1.15 40.25±0.44 35.08±1.34 

5 27.22±0.94 19.54±1.05 25.36±0.34 35.88±1.26 29.45±0.65 26.88±0.79 

cisplatin 55.15±1.18 60.63±0.99 50.88±3.69 47.58±2.65 60.63±0.99 73.58±2.30 

Noted: The inhibition ratios for complexes 1-5 were obtained at 20 μM. 

Table S7. Crystal data and structure refinements for compounds 1-5. 

Compounds 1 2 3 4 5 

Formula 
C12H10N3O4Br 

C10H8N3O3B

r 
C30H20N9O9Br3 

C63H46Cu2N18O21Br

6 
C33H26Br3N10O10 

Form. weight 340.14 298.09 890.25 1997.72 962.34 



Colour and 

form 
block, white block, white block, white block, red block, white 

T / K 293(2) 293(2) 293(2) 293(2) 293(2) 

Crystal system Triclinic Monoclinic Triclinic Monoclinic triclinic 

Space group Pī P21/c Pī P21/c Pī 

a / Å 8.230(1) 14.198(1) 11.582(1) 14.377(1) 9.986(1) 

b / Å 8.282(1) 5.131(1) 12.322(1) 22.407(1) 11.569(1) 

c / Å 10.214(1) 15.229(1) 15.877(1) 23.662(2) 17.669(1)  

α / ° 75.47(1) 90.00 83.66(1) 90.00 84.55(1) 

β / ° 85.27(1) 99.74(1) 71.06(1) 96.98(1) 88.84(1)  

γ / ° 85.32(1) 90.00 65.39(1) 90.00 64.57(1) 

V / Å3 670.3(1) 1093.4(2) 1947.7(3) 7565.8(9) 1834.5(1)  

Z 2 4 2 4 2 

Dcalcd/gcm–3 1.685 1.805 1.518 1.754 1.742 

μ / mm–1 3.083 3.755 3.165 3.814 3.371 

Rint 0.0256 0.0371 0.0400 0.0819 0.0210 

Goof 0.997 1.008 1.008 1.004 1.004 

Completeness 99.7% 99.7% 99.5% 99.8% 98.3% 

F(000) 340 592 880 3880 956 

θ range / ° 3.13 to 26.37 2.91 to 26.37 2.95 to 25.01 2.85 to 25.01 3.27 to 25.00 

Ref.coll. / 

unique 
4558 / 2733 5313 / 2228 13596 / 6833 30397 / 13245 10865 / 6344   

Parameters 183 158 469 998 506 

Final R1 [I > 

2σ][a] 
0.0485 0.0405 0.0723 0.0852 0.0908 

wR2[b] 0.1217 0.0898 0.2339 0.2436 0.2780 

Residues / eÅ–3 0.375, −0.541 0.306, −0.456 0.980, −0.577 1.388, −0.912 0.944, -0.929 

[a] R1 = Σ||Fo| – |Fc||/Σ|Fo|. [b] wR2 = [Σw(|Fo2|– |Fc2|)2/Σw(|Fo2|)2]1/2. 

 


