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Experimental Section
Physical methods.
Elemental analysis was carried out on Carlo Erba Analyser Model 1106. Fourier‒Transform infrared (FT‒IR) spectra were recorded on spectrum Two (Perkin Elmer) FT‒IR spectrometer. The EPR spectra of the copper complexes were recorded on a Varian E 112 EPR spectrometer using X–band frequency (9.5 GHz) at liquid nitrogen temperature. Electronic spectra were recorded on UV‒1700 PharmaSpec UV‒vis spectrophotometer (Shimadzu) in MeOH using cuvettes of 1 cm path length and collected data were reported in λmax/nm. ESI‒MS spectra were recorded on Micromass Quattro II triple quadrupole mass spectrometer. Emission spectra were made on Shimadzu RF‒5301PC Spectrofluorophotometer. Circular dichoric spectra were measured on Jasco J‒815 CD spectrometer in MeOH at room temperature. Cleavage experiments were performed with the help of Axygen electrophoresis supported by Genei power supply (50‒500 V) and photographed by Vilber‒INFINITY gel documentation system. 
Materials
Commercially obtained chemicals and solvents were used without further purification. 2−Aminoethane sulfonic acid, 2‒Hydroxy‒3‒methoxybenzaldehyde, 2‒Hydroxy‒1‒naphthaldehyde, Copper(II) acetate, Imidazole, ethidium bromide (EB), tris‒(hydroxymethyl)aminomethane (tris buffer) were purchased from Sigma Aldrich. The supercoiled pBR322 plasmid DNA (Genei) and 6xloading dye (Fermentas Life Science) were utilized as received. The disodium salt of ct‒DNA and yeast tRNA (Type IX) from Torula yeast) were purchased from Sigma Chemicals Co. and stored at 4 ºC.
X-ray diffraction studies. Single crystal X-ray diffraction studies of complexes 1 and 2 were performed on a D8 VENTURE Bruker AXS diffractometer employing graphite mono‒chromated Mo‒Kα radiation generated from a fine focus sealed tube (λ=0.71073 Å) at 150 K. The structures were solved by dual space algorithm using the SHELXT program1 and further refined with full matrix least square methods based on F2 (SHELXL)2. All non‒hydrogen atoms were refined with anisotropic atomic displacement parameters. Hydrogen atoms were finally included in their calculated position. The drawings of the complexes were realized with PLATON3. The summary of the crystallographic information for complexes 1 and 2 was given in Table S1. Selected bond angles and bond distances are presented in Table S2 and S3. 
Density Functional Theory (DFT) Studies
The computational studies were carried out by employing ORCA 3.0.1 software4 to perform geometry optimization of by hybrid B3LYP5 functional using Aldrich’s def2‒TZVP basis set for copper atoms and def2‒SVP basis set for other non‒metal (C,H,O,N,S) atoms6. The initial files for geometry optimization were obtained from the X‒ray crystallographic data which were further utilized to obtain HOMO and LUMO orbitals. The resolution of identity (RI) approximation with decontracted auxiliary def2‒SVP/J and def2‒TZV/J Coulomb fitting basis as well as chain of spheres (RIJCOSX) approximation were utilized to exact exchange as implemented in ORCA7.  Contour plots of molecular orbitals of the complexes were generated using Avagadro software. 
Hirshfield surface analysis. Hirshfield surface analysis of the complexes 1 and 2 including dnorm, shape index and curvedness along with their 2D fingerplots were generated using the software crystal explorer 17.58. The analysis was performed based on the results obtained from single crystal X‒ray diffraction studies.
Binding studies with ct‒DNA and tRNA 
Interaction studies with ct‒DNA and tRNA were carried by employing absorption titration, FID assay, and emission titration according to the standard methods previously adopted by our laboratory9-11. 
Absorption titrations were performed on a UV‒1700 PharmaSpec UV–vis spectrophotometer (Shimadzu) with a fixed concentration of complexes 1 and 2 (1x10‒4 M) and varying the ct–DNA/tRNA (0–0.55 x10‒5 M) concentration while the total volume remains constant. The absorbance was recorded after successive titrations upon addition of ct–DNA/tRNA solution.  Fluorescent Intercalator Displacement assay was performed using a Hitachi F–250 spectro– fluorometer at 25 °C. The Tris buffer was used as a blank to make preliminary adjustments. Emission spectral titrations were conducted by adding aliquots of 0–0.6 x10‒4 M solutions of complexes 1 and 2 to samples containing 1μM of ethidium bromide solution (1x10‒5 M) and an equimolar concentration of ct–DNA/tRNA (1 x10‒5 M) in Tris‒HCl buffer. EPR spectra of complexes 1 and 2 were recorded in the absence and presence of (1.4 mg mL‒1) ct-DNA/tRNA under the experimental conditions where T=298 K, microwave frequency = 9.46 GHz, microwave power = 20 mW, 10 G field modulation amplitude, time constant 81.92 ms, conversion time 81.92 ms and 3 accumulations.


Cleavage studies. 
The cleavage experiments of supercoiled pBR322 DNA (300ng) in Tris‒HCl/NaCl (5:50 mM) buffer at pH 7.2 were carried out using Agarose gel electrophoresis. The samples were incubated at 37 °C for 45 min and the cleavage activity was monitored in the absence and presence of additives to study the mechanistic aspect of the cleavage pathway. The tRNA cleavage experiments were performed in Tris‒HCl 40 mM buffer by incubating the reaction mixtures for 3 and 24 hours with increasing concentrations of complexes 1 and 2. The electrophoretic assays were carried out in Tris‒borate‒EDTA buffer for 180 minutes at 50 V cm‒1 and tRNA fragments were visualized after incubation with EB (0.6 mg mL‒1) using an UV transilluminator. 
Cell cultures and Cell viability
 MDA-MB-231 (Triple-Negative Breast Cancer, TNBC), HCT 116 (human colon cancer cell line) and A549 (lung cancer cell) were grown in RPMI medium supplemented with 10% FBS and 1% (v/v) Penicillin–Streptomycin solution and grown in a humidified environment in 5% CO2 incubator at 37 °C. For experiments, these cell lines were seeded into 96-well tissue culture plates at a density of 10000 cells/well in 5% serum containing growth medium and incubated overnight in CO2 incubator at 37°C. Adhered cells were then treated with vehicle (1% DMSO) or different compounds at various concentrations of 1, 2.5, 5, 10 and 20 µM, respectively for 48 hours. After 48 hours of treatment, cell viability was determined by the tetrazolium salt 3-[4,5- dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT; Sigma, St. Louis, MO, USA) assay as described previously12. The optical density was measured spectrophotometrically at 540 nM, and results are expressed as a percentage of surviving cells compared with the control. The data was analysed by using Prism software version 5.0 (Graph Pad Software, San Diego, CA, USA.
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Fig. S1 EPR spectra of complexes (a) 1 and (b) 2. 
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Fig. S2 ESI-MS spectra of complexes 1 and 2.

Table S1. Crystallographic data for complexes 1 and 2.
	Complex
	1
	2

	CCDC
	1944495
	1944318

	Empirical formula
	C13H15CuN3O5S
	C16H15CuN3O4S

	Fw (gmol−1)
	388.88
	408.91

	Temperature (K)
	150
	150

	Crystal system
	Trigonal
	Monoclinic

	Space group
	R-3
	P 21/n

	a (Å)
	40.897(11)
	16.065(3)

	b (Å)
	40.897
	5.2459 (11)

	c (Å)
	5.0995(15)
	19.335(4)

	α (°)
	90 °
	90 °

	β (°)
	90 °
	105.065(10)

	γ (°)
	120 °
	90 °

	Volume (Å3)
	7386(4)
	1573.5(6)

	Z
	18
	4

	ρcalc (g cm−3)
	1.574
	1.726

	μ (mm−1)
	1.485
	1.549

	F(000)
	3582
	836

	Crystal size (mm)
	0.570 x 0.035 x 0.025
	0.120 x 0.050 x 0.020

	θ Range (°) 
	2.635−27.408
	2.946−27.483

	Completeness (%)
	0.993
	0.968

	Measured reflections
	12370
	11738

	Independent reflections/ Rint
	3722/0.0414
	3484 / 0.0913

	Observed reflections [I>2σ(I)]
	3209
	2311

	Data / restraints / parameters
	3722 / 0 / 219
	3484/0/176

	Goodness-of-fit on F2
	1.083
	1.134

	Final indices [I>2sigma(I)]
	R1 = 0.0496
wR2 = 0.1051
	R1 = 0.0909
wR2 = 0.2052

	R indices (all data)
	R1 = 0.0590
wR2 = 0.1087
	R1 = 0.1427
wR2 = 0.2266

	Largest diff. peak/hole (e Å−3)
	0.953/−0.895
	1.767/−1.671





Table S2. Selected bond lengths in complexes 1 and 2 in Angstrom (Å). 
	Atoms
	Complex 1
	Atoms
	Complex 2

	Cu1‒N11
	1.967(3)
	Cu1‒ON16A
	1.937(9)

	Cu1‒N1
	1.984(3)
	Cu1‒N1
	1.968(7)

	Cu1‒O19
	1.907(2)
	Cu1‒O28
	1.909(6)

	Cu1‒O31
	2.001(2)
	Cu1‒O11
	1.993(6)

	Cu1‒O32
	2.506
	Cu1‒O12
	2.643

	S1‒O31
	1.473(2)
	S1A‒O11   
	1.483(6)

	S1‒O33
	1.425(3)
	S1A‒ O12  
	1.447(7)

	S1‒O32
	1.443(3)
	S1A‒ O13  
	1.444(8)

	C34A‒H34A
	0.9900
	C14A‒H14A
	0.9900

	C34A‒H34B
	0.9900
	C14A‒H14B
	0.9900

	C35A‒H35A
	0.9900
	C15A‒H15A
	0.9900

	C35A‒H35B
	0.9900
	C15A‒H15B
	0.9900



Table S3. Selected bond angles of complexes 1 and 2 in degree (°). 
	Atoms
	Complex 1
	Atoms
	Complex 2

	O19‒Cu1‒N11        
	91.05(11)   
	O28‒Cu1‒N16A
	91.00(3)

	O19‒Cu1‒N1    
	88.33(11)   
	O28‒Cu1‒N1	
	88.70(3)

	N11‒Cu1‒N1   
	170.35(14)   
	N16A‒Cu1‒N1
	170.60(4)

	O19‒Cu1‒O31  
	174.54(10)   
	O28‒Cu1‒O11
	175.10(3)

	N11‒Cu1‒O31   
	94.02(11)
	N16A‒Cu1‒O11   
	92.9(3)

	N1‒Cu1‒O31   
	87.01(10)
	N1‒Cu1‒O11   
	87.0(3)

	C5‒N1‒Cu1  
	128.00     
	C2‒N1‒Cu1      
	128.4(6)     

	C2‒N1‒Cu1  
	124.50
	C5‒N1‒Cu1  
	125.8(6)

	C12‒N11‒Cu1     
	123.0(3)     
	C17‒N16A‒Cu1      
	123.5(7)     

	C35A‒N11‒Cu1  
	118.3(3)
	C15A‒N16A‒Cu1  
	122.3(7)

	C18‒O19‒Cu1  
	127.41(17)
	C27‒O28‒Cu1  
	128.9(7)

	S1‒O31‒Cu1  
	132.98(14)
	S1A‒O1‒Cu1  
	132.4(4)
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Fig. S3 DFT optimized structures of complexes 1 and 2.

Table S4. Selected bond lengths in complexes 1 and 2 in Angstrom (Å). 
	Atoms
	Complex 1
	Atoms
	Complex 2

	Cu1‒N11
	1.986
	Cu1‒ON16A
	1.986

	Cu1‒N1
	2.013
	Cu1‒N1
	1.968(7)

	Cu1‒O19
	1.908
	Cu1‒O28
	1.920

	Cu1‒O31
	1.959
	Cu1‒O11
	1.962

	S1‒O31
	1.514
	S1A‒O11   
	1.519

	S1‒O33
	1.454
	S1A‒ O12  
	1.451

	S1‒O32
	1.440
	S1A‒ O13  
	1.442

	N11‒ C12
	1.291
	N16A‒C17
	1.296

	C18‒O19
	1.292
	C27‒O28
	1.293

	C34A‒H34A
	1.090
	C14A‒H14A
	1.090

	C34A‒H34B
	1.090
	C14A‒H14B
	1.090

	C35A‒H35A
	1.093
	C15A‒H15A
	1.092

	C35A‒H35B
	1.095
	C15A‒H15B
	1.095
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Table S5. Selected bond angles of complexes 1 and 2 in degree (°). 
	Atoms
	[C13H15CuN3O5S]
	Atoms
	[C16H15CuN3O4S]

	O19‒Cu1‒N11        
	94.02
	O28‒Cu1‒N16A
	91.50

	O19‒Cu1‒N1    
	90.91   
	O28‒Cu1‒N1	
	88.70(3)

	N11‒Cu1‒N1   
	154.27   
	N16A‒Cu1‒N1
	163.7

	O19‒Cu1‒O31  
	151.70   
	O28‒Cu1‒O11
	159.2

	N11‒Cu1‒O31   
	96.28
	N16A‒Cu1‒O11   
	95.4

	N1‒Cu1‒O31   
	91.09
	N1‒Cu1‒O11   
	88.93

	C5‒N1‒Cu1  
	128.00     
	C2‒N1‒Cu1      
	128.26     

	C2‒N1‒Cu1  
	124.50
	C5‒N1‒Cu1  
	124.49

	C12‒N11‒Cu1     
	122.22     
	C17‒N16A‒Cu1      
	122.86     

	C35A‒N11‒Cu1  
	119.68
	C15A‒N16A‒Cu1  
	119.55

	C18‒O19‒Cu1  
	127.41(17)
	C27‒O28‒Cu1  
	127.99

	S1‒O31‒Cu1  
	123.68
	S1A‒O11‒Cu1  
	131.07



 [image: ]
Fig. S4 Hirshfield surface for complexes 1 and 2 (a) dnorm (b) shape index and (c) curvedness.
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Fig. S5 Finger print plots for complexes (a) 1 and (b) 2 discerning the percent contribution by various inter–atomic interactions.
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Fig. S6 Emission titration spectra of EB‒ct‒DNA (a and b) and EB‒tRNA (c and d) system in presence of increasing concentration of complexes 1 and 2. 
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Fig. S7 Molecular docked model of complex 1 with (a) DNA and (b) tRNA.
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Fig. S8 Molecular docked model of complex 2 with (a) DNA and (b) tRNA.
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Fig. S9 Stability studies of complexes 1 (a) and 2 (b) in DMSO at different time intervals. [Complex 1] = [Complex 2] = 10-5 M.
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