Table 1. Selected calculated bond distances (Å) and angles (°) for complexes 1–7.
	Bond distances (Å)
	(1) M = Cu2+
	(2) M = Co2+
	(3) M = Zn2+
	(3) X-ray*
	(4) M = Ni2+

	M–Cl(1)
	2.348(2)
	2.323(8)
	2.331(8)
	2.210(6)
	2.331(9)

	M–Cl(2)
	2.340(0)
	2.339(0)
	2.357(3)
	2.222(9)
	2.329(6)

	M–N(1)
	1.988(2)
	2.048(1)
	2.112(7)
	2.043(7)
	2.021(8)

	M–N(2)
	1.986(9)
	2.050(4)
	2.114(4)
	2.060(1)
	2.021(8)

	Bond angles (°)
	
	
	
	
	

	Cl(1)–M–Cl(2)
	142.5(8)
	118.4(4)
	126.8(6)
	114.5(6)
	146.2(8)

	Cl(1)–M–N(1)
	94.1(9)
	109.7(3)
	109.8(5)
	108.9(0)
	100.6(1)

	Cl(1)–M–N(2)
	94.6(5)
	109.3(8)
	107.6(4)
	115.8(3)
	100.7(8)

	Cl(2)–M–N(1)
	94.6(9)
	103.2(5)
	102.5(7)
	113.4(5)
	101.2(0)

	Cl(2)–M–N(2)
	93.7(7)
	106.2(8)
	104.2(4)
	103.8(0)
	101.0(3)

	N(1)–M–N(2)
	152.7(8)
	109.3(8)
	103.3(2)
	99.3(7)
	98.5(5)

	Bond distances (Å)
	(5) M = Cu2+
	(6) M = Co2+
	(7) M = Zn2+
	(7) X-ray*
	

	M–Br(1)
	2.475(4)
	2.44751
	2.471(6)
	2.343(2)
	

	M–Br(2)
	2.464(6)
	2.45589
	2.483(6)
	2.361(1)
	

	M–N(1)
	1.989(1)
	2.04538
	2.110(0)
	2.036(7)
	

	M–N(2)
	1.989(0)
	2.04945
	2.105(6)
	2.039(1)
	

	Bond angles (°)
	
	
	
	
	

	Br(1)–M–Br(2)
	137.4(4)
	116.4(2)
	126.0(6)
	112.7(5)
	

	Br(1)–M–N(1)
	95.7(2)
	110.0(0)
	107.7(2)
	103.6(7)
	

	Br(1)–M–N(2)
	95.7(3)
	105.0(9)
	104.7(8)
	114.4(1)
	

	Br(2)–M–N(1)
	95.0(0)
	104.3(6)
	103.7(0)
	117.3(2)
	

	Br(2)–M–N(2)
	94.9(8)
	110.5(7)
	106.0(9)
	108.5(4)
	

	N(1)–M–N(2)
	150.1(8)
	110.4(4)
	107.3(9)
	99.6(3)
	


* From reference 17
Table 2. The log P and IC50 values for complexes 1‒4, 6, 8 and 9 log P values are the mean of two independent experiments and are expressed as mean ± SD.

	
	
	log P
	IC50 (μM)

	
	Compound
	Mean
	SD
	HeLa

	(1)
	[Cu(clotri)2Cl2]·5H2O
	‒0.62
	0.02
	6.8

	(2)
	[Co(clotri)2Cl2]
	‒0.43
	0.02
	7.0

	(3)
	[Zn(clotri)2Cl2]
	‒0.27
	0.09
	7.1

	(4)
	[Ni(clotri)2Cl2]·H2O
	‒1.95
	0.17
	8.1

	(6)
	[Co(clotri)2Br2]
	‒1.14
	0.10
	20.6

	(8)
	[Ni(clotri)3Br2]
	‒2.09
	0.06
	13.6

	(9)
	[Cu(clotri)3NO3]NO3·2H2O 
	‒0.28
	0.05
	3.5

	
	Clotrimazole
	5.44
	0.51
	12.4

	
	Cisplatin
	‒2.30
	
	5.2


Table 3. Apparent DNA-binding constants, Kapp (× 104 M-1), for clotri metal complexes 1‒3 and 9‒10. Kapp values are the mean of two independent experiments and are expressed as mean ± SD.
	
	Compound
	ct-DNA
	poly(dA-dT)2
	poly(dG-dC)2

	(1)
	[Cu(clotri)2Cl2]·5H2O
	4.9 ± 0.5
	6.4 ± 0.2
	6.81 ± 0.09

	(2)
	[Co(clotri)2Cl2]
	4.7 ± 0.2
	5.47 ± 0.09
	5.6 ±-0.7

	(3)
	[Zn(clotri)2Cl2]
	4.9 ± 0.4
	5.23 ± 0.08
	5.90 ± 0.04

	(9)
	[Cu(clotri)3NO3]NO3·2H2O
	6.2 ±0.1
	6.2 ± 0.3
	6.45 ±0.03

	(10)
	[Co(clotri)3(NO3)2]
	6.7 ±0.4
	6.2 ± 0.2
	7.0 ± 0.7


Table 4. The calculated concentrations of complexes 1‒3 and 9‒10 at which 50% loss of LD signal was recorded (Ka, µM)

	
	Compound
	Ka (µM)

	(1)
	[Cu(clotri)2Cl2]·5H2O
	40 ± 1

	(2)
	[Co(clotri)2Cl2]
	70 ± 2

	(3)
	[Zn(clotri)2Cl2]
	51 ± 4

	(9)
	[Cu(clotri)3NO3]NO3·2H2O
	55 ± 2

	(10)
	[Co(clotri)3(NO3)2]
	80 ± 1


Table 5. Electrochemical potentials (versus NHE) from cyclic voltammetry studies of clotri complexes 1‒2, 5‒7, and 9‒10 in acetonitrile.

	Compound
	Epa (V)
	Epc (V)
	ΔE (V)
	E1/2 (V)

	(1) [Cu(clotri)2Cl2]·5H2O
	-0.512d, -0.082e
	-1.192d, -0.379e
	0.680d, 0.297e
	-0.852d, -0.239e

	(2) [Co(clotri)2Cl2]
	-0.238b, 0.997c, 1.206a
	—
	—
	—

	(5) [Cu(clotri)2Br2]·5H2O
	-0.479d, 0.018e, 0.962a
	-1.407d, -0.297e, 0.614a
	0.928d, 0.279e, 0.348a
	-0.943d, -0.139e, 0.788a

	(6) [Co(clotri)2Br2]
	-0.038b, 0.648c, 0.948a
	-1.612b, 0.376c,0755a
	1.574b, 0.272c, 0.193a
	-0.825b, 0.512c, 0852a

	(7) [Zn(clotri)2Br2]
	1.021a
	0.591a
	0.435a
	0.806a

	(9) [Cu(clotri)3NO3][NO3]·2H2O
	-0.441d, 0.117e, 0.693a
	-1.603d, -0.141e, 0.338a
	1.162d, 0.258e, 0.355a
	-1.022d, -0.012e, 0.515a

	(10) [Co(clotri)3(NO3)2]
	-0.296b
	-1.669b
	1.373b
	-0.982b


aClotri ligand potentials; bCo2+/0 potentials; cCo3+/2+ potentials; dCu+/0 potentials; eCu2+/+ potentials.

Table 6. DNA metal concentration of metal ion for complexes 1‒5 and 8 in HeLa human carcinoma cell line (nM2+/106 cells).
	
	
	DNA binding

	
	Compound
	(nM M2+/106 cells)

	(1)
	[Cu(clotri)2Cl2]·5H2O
	13.4

	(2)
	[Co(clotri)2Cl2]
	5.5

	(3)
	[Zn(clotri)2Cl2]
	5.9

	(4)
	[Ni(clotri)2Cl2]·H2O
	3.2

	(5)
	[Cu(clotri)2Br2]·5H2O
	19.9

	(8)
	[Ni(clotri)3Br2]
	4.9


Figure Captions
Figure 1. General structures of the CuII, CoII, ZnII, and NiII complexes of clotrimazole (clotri) studied in this work.
Figure 2. Electrostatic Potential Surfaces (EPS) for complexes 1–4 shown in both space and mapped on the electron density (isovalue 0.001) of molecules. The electrostatic potential is represented with a color scale going from red (–0.1 au) to blue (0.1 au).

Figure 3. Effects of clotri complexes 1‒3 and 9‒10 on thermal stability of ct-DNA at 20:1, 10:1 and 5:1 (DNA bp:compound) ratios.

Figure 4. Ethidium bromide displacement titration of ct-DNA with [Cu(clotri)2Cl2]·5H2O (1). The inset shows decreasing fluorescence at 585 nm. See weak shoulder at 620 nm for higher concentrations of 1, due to intrinsic florescence of this compound.

Figure 5. Left: Linear dichroism (LD) spectra of 100 μM DNA with increasing concentration of [Cu(clotri)2Cl2]·5H2O (1). Right: The resulting titration curve at 260 nm.

Figure 6. Left: LD spectrum of ct-DNA in the presence of [Cu(clotri)2Cl2]·5H2O (1) (black line) and an overlaid LD spectrum on ct-DNA scaled to the same intensity (red line). Additional bands can be seen at indicated wavelengths. Right: The calculated LD spectrum of [Cu(clotri)2Cl2]·5H2O (1) bound to DNA (black) and an overlaid UV spectrum of [Cu(clotri)2Cl2]·5H2O (1) (red and blue, not to scale).

Figure 7. LD signal of DNA at 260 nm with increasing concentration of [Co(clotri)3(NO3)2] (10) showing a two-step binding process.

Figure 8. CD spectra of 50 μM DNA with increasing concentrations of complex [Zn(clotri)2Cl2] (3).

Figure 9. TM-AMF images of linearized pUC19 plasmid DNA with increasing concentrations of [Cu(clotri)2Cl2] (1). a) DNA only, b) 10:1 DNA:1, c) 10:3 DNA:1 and d) 10:5 DNA:1.

Figure 10. Cyclic voltammograms vs NHE for A) [Cu(clotri)2Cl2]∙5H2O (1), B) [Cu(clotri)2Br2]∙5H2O (5), and C) [Cu(clotri)3NO3]NO3∙2H2O (8) at 1 mM in CH3CN with 0.1 M TBAPF6 as the supporting electrolyte.

Figure 11. Cyclic voltammograms of A) [Cu(clotri)2Cl2]·5H2O and B) [Cu(clotri)2Br2]·5H2O at 1 mM in dichloromethane with 0.1 M TBAPF6 as the supporting electrolyte.

Figure 12. Gel electrophoresis image of Cu+-mediated DNA damage by [Cu(clotri)3NO3] [NO3]·2H2O (9) in MOPS buffer (10 mM, pH 7). Lanes: MW = 1 kb molecular weight marker; lane 1: plasmid DNA (p); lane 2: p + H2O2; lane 3: p + ascorbate (7.5 μM) + CuSO4 (6 μM) + H2O2 (50 µM); lanes 4-18: p + increasing compound concentration + ascorbate + H2O2: 1 (lanes 4-6), 5 (lanes 7-9), 10 (lanes 10-12), 25 (lanes 13-15), and 50 µM (lanes 16-18) [Cu(clotri)3NO3] [NO3]·2H2O (9) respectively.
Figure 13. Best-fit dose-response curve for percent DNA damage versus concentration for [Cu(clotri)3NO3][NO3]·2H2O (9).
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Figure 2. 
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Figure 3. 
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Figure 4. 
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Figure 5. 
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Figure 6. 
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Figure 7.
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Figure 8. 
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Figure 9. 
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Figure 10. 
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