Synthesis, Characterization and DNA Binding study of Heteroleptic Metal(II) Complexes of Benzylacetone-benzoylhydrazone mixed with N-N donor ligands 
Abstract
In this study, benzylacetone-benzoylhydrazone ligand (BABH) and its heteroleptic metal(II) complexes [Co(II), Ni(II) and Cu(II)] with 2, 2´-bipyridine, 1, 10-phenanthroline, and ethylenediamine (N-N donors) were synthesized. The compounds were analysed with spectroscopic techniques (Infrared; IR, Ultraviolet-Visible; UV-Vis, 1H NMR), percentage metal analysis, magnetic moment measurement and conductivity measurements. The Calf-thymus-DNA interaction with the complexes was examined using electronic absorption spectroscopy. The 1H NMR indicated the formation of BABH. Infrared spectra indicated that BABH coordinated to the metal ions in enol form via the deprotonated carbonyl group and the azomethine group, while N-N donor ligands bound through the pyridinic/imine nitrogen atoms. The UV-Vis spectra of the compounds had intra-ligand transitions due to π-π* and n-π* in the UV region, and d-d transitions typical for Cu(II), Ni(II) and Co(II) ions in the visible region. Molar conductivity of the complexes in DMF indicated a 1:1 electrolyte, except [Cu(BABH)(phen)(H2O)Cl] with a value of 50.20 (Ω-1cm2mol-1) which suggested a non-electrolyte. The percentage metal analysis revealed a stoichiometry ratio of 1:1:1 (Metal: Ligand: N-N-donor), except for the bipyridine complexes that had a probable 1:1:2 ratio (Metal: Ligand: N-N-donor). The magnetic moment for Cu(II) complexes ranges from 1.80 - 2.34 B.M indicating octahedral geometry, while Ni(II) complexes had values ranging from 2.88 to 3.28 B.M indicating octahedral geometry, except [Ni(BABH)(en)]Cl.H2O that had a value of 0.89 B.M. which indicated a square palanar nickel(II) complex. Co(II) complexes had values for octahedral geometry (3.77 - 4.81 B.M), except [Co(BABH)(en)]Cl.H2O] that had a 1.96 B.M, revealing a square planar geometry. Interactions of the synthesized compounds with CT-DNA represents an intercalative binding mode, with [Co(BABH)(bpy)2]Cl.H2O having the best binding strength of 6.74 x 104 M-1. The results have shown that the synthesised metal(II) complexes of Benzylacetone-benzoylhydrazone mixed with N-N donors has potential ability to disrupt the growth of tumour cells due to their good binding strength.
Keywords: benzylacetone-benzoylhydrazone, N-N donor ligands, Intercalative binding, Octahedral geometry. 

1. Introduction
“The study of the mode of binding of molecules such as metal based drugs to DNA has received considerable focus in the last decades” [1-3]. “Amino acids, nucleic acids, and carbohydrates have received greater attention in studies involving metallorganics to these biomolecules, since DNA is a crucial component of genetic makeup of living species. There is the need for a thorough understanding of DNA/drug binding dynamics” [4], “to aid and enhance the design of DNA structural probes, sequence-specific cleaving agents, DNA footprint and possible anti-cancer medications.  Furthermore, development of new and effective anti-tumor medications could rest on the strength of the binding of these molecules to DNA of diseased cells, in order to alter the replication and inhibits the growth of tumor cells” [5-6]. 
“Metals are essential in living systems as they play very crucial roles in metabolism.” [7]. “The use of metal based drugs came into limelight when the antitumor and anticancer activity of cis-diamminedichloroplatinum(II) otherwise known as cisplatin, Cis [Pt(NH3)2Cl2] were discovered” [8]. “Cisplatin is still one of the leading cancer drugs in use, though efforts are ongoing to synthesize new metal-based drugs, which might be of lesser toxicity than cisplatin” [8-9].  “The synthesis of hydrazone ligands and their metal complexes received attention owing to their coordination ability, chelating potential, structural amenability, and a number of other pharmacological features” [10]. “Mixed ligand (heteroleptic) complexes have more than one type of ligand coordinated to the metal, thus increasing the chances of variation in the expected complexes” [11]. This paper reported the synthesis, characterization and DNA binding abilities of heteroleptic Metal(II) Complexes (Cu(II), Co(II) and Ni(II)) of Benzylacetone-benzoylhydrazone and some N-N donor ligands.

2. METHODOLOGY
2.1 Reagents and solvents
The solvents and the chemicals used were of analytical-grade (Sigma Aldrich and BDH), and they are: ethylbenzoate, benzylacetone, hydrazine hydrate, ethylenediaaminetetraacetic acid (EDTA disodium salt), acetone, methanol, ethanol, dimethyformamide (DMF), dimethyl-sulphoxide (DMSO), ammonia and ammonium chloride, perchloric acid, nitric acid, hydrochloric acid, NaOH pellet, murexide dye, solochrome dye, tris-base(THAM), Calf thymus-DNA, 1,10-Phenanthroline monohydrate, 2,2ʹ-bipyridine and ethylenediaamine. The salts (metals) used were CoCl2.6H2O, NiCl2.6H2O, and CuCl2.2H2O.
The contents (w/w %) of the metal were quantified with EDTA complexometric titration using ammonia/ammonium chloride buffer and murexide indicator. The magnetic moments measurements were studied using Sherwood Scientific MXI model Gouy magnetic balance. Melting Points were determined with a Gallenkamp melting point Apparatus. IR Spectra of the compounds were taken in the range 4000 - 400 cm-1 on Shimadzu FT-IR 8000 Spectrometer using KBr discs. UV-Vis spectra were recorded on a Shimadzu UV-Vis 1800 Spectrophotometer in the range 200 - 900 nm.
2.2	Synthesis
The preparation of the ligand had earlier been reported by our research group [12], with slight modification in this work.
2.2.1	Synthesis of Hydrazide, Precursor (BH)
13.60 mL  (280 mmol) of ethnolic solution of hydrazine hydrate reacted with 40 mL (280 mmol) ethylbenzoate in 60 mL ethanol. The mixture was refluxed for four hours, giving a yellowish solution. This solution was left overnight leading to the formation of a white precipitate (crystalline). This was filtered and washed using 40% ethanol. White crystalline solid was obtained and dried over CaCl2 in a desiccator.


Scheme 1: Schematic synthesis of precursor, Benzoylhdrazide (BH)
2.2.2	Synthesis of Benzylacetone-benzoylhydrazone, BABH
5.00 g, (36.72 mmol) benzoylhydrazide in 60 ml of pure ethanol and 5.5 mL (36.72 mmol) ethanolic solution of benzylacetone was refluxed for 4 hours.  The product was isolated through filtration and washed using 40% ethanol. The white crystal was dried in a desiccator over CaCl2.


Scheme 2: Schematic synthesis of BABH
2.2.3	Preparation of mixed Metal(II) Complexes of Benzylacetone-benzoylhydrazone with 		2, 2ʹ-bipyridine;
(0.50 g, 1.88 mmol) of hydrazone ligand (BABH) in absolute ethanol (10 ml) in a reaction flask, was stirred for 10 minutes at room temperature, and ethanolic solution of CuCl2.2H2O (0.32 g, 1.88 mmol), CoCl2.6H2O (0.45 g, 1.88 mmol) or NiCl2.6H2O (0.45 g, 1.88 mmol) were added separately into the stirring solution of BABH (in drops) and allowed to stir for further 10 minutes.  Thereafter, equimolar ethanolic solution of  2, 2ʹ-bipyridine (0.30 g, 1.88 mmol) was introduced and the entire mixture was stirred for 2 hrs. The obtained precipitates were filtered, rinsed with 40% ethanol and air dried.  The products were re-crystallized in pure ethanol, filtered, dried and kept over CaCl2 in a desiccator. The same procedure was used to synthesized the mixed complexes involving other N-N donor ligands.
Equation of the reaction;


X= 0, 1, 2, 6.	Co-ligand = 2,2ʹ-bipyridine, 1,10-phenanthroline, ethylenediamine.

2.3	DNA-binding study
The binding mode and binding strength of DNA with the complexes was evaluated using electronic absorption spectroscopy. 50 µM solution of Calf Thymus Deoxyribonucleic acid (Ct-DNA) was prepared in a buffer (50mM Tris–HCl, pH 7.2), and stored in refrigerator.  Metal(II) complexes of concentration (20 x 10-5 M) were prepared, and their respective intense band between 250 and 500 nm were monitored on spectrometer. This experiment was executed by maintaining the concentrations of the metal complexes while varying the Ct-DNA concentration in the interaction medium (0, 1.56, 3.13, 6.25, 12.50, 25.00, 50.00 µM). The change in absorbance of the bands in relation to the increasing concentration of Ct-DNA was monitored. All the titrations were done at room temperature.
The intrinsic binding constant, kb was evaluated through the Benesi-Hilderbrand equation to quantitatively show the extent of chemical binding to Ct-DNA: 

Where [DNA] is the base pair concentration of the Ct-DNA solution.
The extinction coefficients of the free compound and the compound in a fully constrained state to Ct-DNA are denoted by εf and εb, respectively. The absorption coefficient, εa = Aobs/[compound]. A straight line graph of [DNA]/(εa–εf) Vs [DNA] has a slope of 1/(εb-εf) and an intercept of 1/kb(εb-εf) with slope to intercept ratio as kb.
3.	Results and Discussion
3.1	Physicochemical properties
The BABH ligand and its mixed metal(II) complexes with 2, 2ʹ-bipyridine, 1,10-phenanthroline and ethylenediamine were synthesized as described in the literature [13-15], and their characterizations were done with a view of proposing their geometries and stoichiometries. Physical and analytical parameters include colour, melting point temperature, percentage yield and percentage metal analysis and the results are presented in Table 1. “The synthesized ligand, its precursor and N-N donor ligands are all white crystalline solids, the colour for Co(II) complexes is pink, Ni(II) complexes of BABH mixed with 2,2-bipyridine, 1,10-phenanthroline, and ethylenediamine displayed colours ranging from orange to light green, whereas, Cu(II) complexes showed colours ranging from blue to deep green. The melting point of the benzylacetone-benzoylhdrazone ranged from 121 – 123 , while the metal(II) complexes generally showed high melting point in the range 220 – 313 . The relatively high temperatures of the metal complexes, is a characteristic of coordination compounds” [16-17]. The metal contents of complexes were evaluated complexometrically by standard procedure. The percentage of metal of the heteroleptic metal(II) complexes showed a fairly good correlation between the theoretical values and the experimental values as shown in Table 1. The results suggested a 1:1:1 (metal : ligand : N-N donor) except the complexes involving 2, 2ʹ-bipyridine which indicated 1:1:2 (metal: ligand: bpy) stoichiometry. The conductivity measurement of the complexes was taken in MeOH or DMF. “The results are in the range 102.4 – 148.1 Ω-1cm2 mol-1 and indicated the electrolytic nature of the synthesized mixed metal(II) complexes.  The values suggested a 1:1 electrolytes for all the complexes except [Cu(BABH)(phen)Cl].H2O with a value of 50.2 Ω-1 cm2 mol-1 in DMF, indicating a non-electrolyte” [18-19].

Table 1: Physical Properties and Analytical Data for the Synthesized Compounds
	Compounds
	Formula
(g/mol)
	Colour
	Melting point (,)
	Ʌm
(Ω-1cm2mol-1)
	% Metal found (Exp.)

	2, 2ʹ-bipyridine (bpy)
	C10H8N2 (156.19)
	White
	69-71
	-
	-

	1, 10-phenanthroline (phen)
	C12H8N2.H2O (198.20)
	White
	115-117
	-
	-

	BH
	C7H8N2O (136.15)
	White
	111-113
	-
	-

	BABH
	C17H18N2O (266.34)
	White
	130-132
	-
	-

	[Co(BABH)(bpy)2]Cl.H2O
	C37H35N6O2ClCo (689.49)
	Dirty pink
	232-234
	148.1
	8.56 (8.67)

	[Ni(BABH)(bpy)2]Cl.H2O 
	C37H35N6O2ClNi (689.19)
	Light green
	275-277
	136.7
	8.52 (8.63)

	[Cu(BABH)(bpy)2]Cl.H2O 
	C37H35N6O2ClCu (694.05)
	Green
	310-313
	112.3
	9.16 (8.30)

	[Co(BABH)(phen)(H2O)2]Cl
	C29H29N4O3ClCo (575.49)
	Pink
	225-228
	102.4
	10.27 (10.92)

	[Ni(BABH)(phen)(H2O)2]Cl
	C29H29N4O3ClNi (575.19)
	Orange
	240-242
	133.1
	10.20 (10.50)

	[Cu(BABH)(phen)(H2O)Cl]
	C29H27N4O2ClCu (562.05)
	Green
	256-258
	50.2
	11.31 (10.96)

	[Co(BABH)(en)]Cl.H2O
	C19H27N4O2ClCo (437.49)
	Deep Pink
	234-236
	127.6
	13.48 (13.54)

	[Ni(BABH)(en)]Cl.H2O
	C19H27N4O2ClNi (437.19)
	Light green
	254-256
	103.1
	13.43 (13.88)

	[Cu(BABH)(en)(H2O)2]Cl
	C19H27N4O2ClCu (442.05)
	Blue
	220-222
	122.6
	14.38 (14.07)





3.2	Spectroscopic Characterization 
3.2.1	1H-NMR of the Hydrazone Ligand
“The 1H-NMR spectra of the BABH ligand (Figure 1) had been previously reported [12]. The ligand showed four signals between 7.18 and 7.85 ppm which quantify the ten aromatic protons (10H, m) of the two aromatic rings. The  signal at 10.44 ppm (1H, s) was due to the proton of an amide (N-H). Furthermore, the signal at 1.98 ppm (3H, s) was assigned to the proton of the methyl (–CH3) group, while the two signals at 2.50 and 2.85 ppm were assigned to the two methylene (-CH2-) groups. The peak at 3.37 ppm was due to the proton solvent used (DMSO). The assignments were based on the similar compounds that had been reported” [20-22].
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Figure 1: 1HNMR Spectrum of BABH

3.2.2	Infrared Spectra
[bookmark: _Hlk168074457]In the interpretation of infrared spectra of hydrazone ligand, four major diagnostic bands are:  ν(N-H), ν(C=N), ν(C=O) and ν(N-N). These vibrational frequencies (Table 2) were assigned based on reports in literature on similar compounds [6, 23-24]. “The changes in bands when the ligand complexed with the metal ions, and appearance of  additional bands in the fingerprint region usually provide evidence of coordination” [24, 25,26]. The spectrum of the hydrazone ligand (BABH), showed bands at 3213 cm-1  and 3456 cm-1 which were assigned to the vibrational frequencies of N-H and O-H respectively, while the ν(NH2) vibrational frequency that was present in benzoylhydrazide disappeared as a result of condensation between benzoylhydrazide and benzylacetone. The carbonyl ν(C=O) frequency band in the hydrazone appeared at 1656 cm-1 while the azomethine (C=N) band, vibrated at 1633 cm-1. The shifts in these bands to the higher or lower frequency in the coordination compounds suggested bonding [27]. The band at 1037 cm-1 in the hydrazone ligand spectrum is attributable to ν(N-N) vibrational frequency. There was a disappearance of the ν(C=O) and ν(N-H) bands in all the complexes of metal(II) and the occurrence of ν(N=C-O) and ν(C-O) bands in the range of 1425-1481 cm-1 and 1289-1362 cm-1 respectively, which indicated that there was a keto-enol tautomerism on complexation. This suggested the bonding of BABH to metal ion as a uninegative-bidentate ligand, bonding through azomethine nitrogen (C=N) and the deprotonated carbonyl group (=C-O-). The useful vibrational frequency of 2, 2ʹ-bipyridine (bpy) is azomethine groups (C=N) which appeared at 1558 cm-1, while the same azomethine group appeared at 1505 cm-1 in the spectrum of 1, 10-phenanthroline monohydrate (phen.H2O), the broad band at 3373 cm-1 in the spectrum of phenanthroline monohydrate is due to the OH of H2O molecule. The broad bands in the spectra of metal complexes ranging from 3431 - 3456 cm-1 with little or no shift when compared to spectrum of hydrazone ligand indicated the 
1







Table 2: The Infrared Spectra Data (cm-1) of the Ligands and the Metal Complexes
	Compounds
	υ(OH/H2O)
	υ(N-H)
	υ(NH2)
	υ(C=O)
	υ(C=N)
	υ(C=N)b
	υ(C-O)
	υ(N-N)
	M-O
	M-N

	Bpy
	-
	-
	-
	-
	1558s
	-
	-
	-
	-
	-

	Phen
	3373b
	-
	-
	-
	1505s
	-
	-
	-
	-
	-

	BH
	3460b
	3300s
	3228m,3020w
	1660m
	-
	-
	-
	993s
	-
	-

	BABH
	3456b
	3213s
	-
	1656m
	1633m
	-
	-
	1037w
	-
	-

	[Co(BABH)(bpy)2]Cl.H2O
	3446b
	-
	-
	-
	1624m
	1432m
	1313m
	1026w
	553w
	441w

	[Ni(BABH)(bpy)2]Cl.H2O 
	3456b
	-
	-
	-
	1624m
	1434m
	1313m
	1022w
	554w
	440w

	[Cu(BABH)(bpy)2]Cl.H2O 
	3454b
	-
	-
	-
	1635m
	1473s
	1317m
	1058w
	575w
	472w

	[Co(BABH)(phen)(H2O)2]Cl
	3456b
	-
	-
	-
	1624m
	1431w
	1313m
	1026w
	553w
	441w

	[Ni(BABH)(phen)(H2O)2]Cl
	3452b
	-
	-
	-
	1620m
	1425w
	1333w
	1024w
	554w
	447w

	[Cu(BABH)(phen)(H2O)Cl]
	3448b
	-
	-
	-
	1627m
	1481m
	1350m
	1047w
	547w
	430w

	[Co(BABH)(en)]Cl.H2O
	3441b
	-
	3211,3097w
	-
	1620m
	1464w
	1325m
	1057w
	580m
	439w

	[Ni(BABH)(en)]Cl.H2O
	3397b
	-
	3056,3022w
	-
	1622m
	1431w
	1289m
	1025w
	551w
	445w

	[Cu(BABH)(en)(H2O)2]Cl
	3452b
	-
	3296,3228w
	-
	1635m
	1456w
	1362m
	1039w
	526m
	474w



(where b - broad; s - strong; m - medium; and w – weak





hydrated nature of the complexes, due to presence of H2O molecule in those compounds [15, 23, 37]. The ν(N-N) of hydrazone ligand, which appeared at 1037 cm-1 shifted on complexation with metal(II) ions, and ranged from 1024 to 1058 cm-1. formation of new bands in the fingerprint region in the range of 526 - 580 cm-1 and 430 - 474 cm-1  were attributable to vibrational frequencies of M-O and M-N bonds respectively which indicated coordination between the organic ligand and the metal ions [28-29, 34]. 
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Figure 2a: IR Spectra of (a) BABH, (b) [Co(BABH)(bpy)2]Cl.H2O and (c)    
                   Cu(BABH)(bpy)2]Cl.H2O
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Figure 2b: IR Spectra of (a) BABH, (b) [Co(BABH)(phen)(H2O)2]Cl and (c)    
                   [Cu(BABH)(phen)(H2O)Cl]
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Figure 2c: IR Spectra of (a) BABH, (b) [Co(BABH)(en)]Cl.H2O and (c) 
                  [Cu(BABH)(en)(H2O)2]Cl

3.2.3	Electronic Absorption Spectra and Magnetic moment measurement.
“The UV-Visible spectral data and magnetic moments of the synthesized compounds are summarized in Table 3. The formation of a new compound (metal complex) can be deduced by observing and comparing the shifts in the wavelength of the intraligand bands within the ultraviolet region (n-𝜋*, π-π*) upon coordination to the metal ion” [12, 30-31]. Furthermore, there are typical d-d transitions displayed by metal ions having certain geometry, in the visible region [15, 32, 36]. “In the UV spectrum of the precursor [benzoylhydrazide (BH)] to the main ligand, two intense transitions were observed at 207 nm and 224 nm. After the conversion of the BH  to BABH ligand, these two intraligand bands shifted to 208 and 256 nm indicating the formation of BABH ligand” [37, 40].  “On coordination of BABH ligand to the metal ions, the intraligand bands had a shift ranging between 212 to 327 nm suggesting interaction between the ligand and the metal ions” [34, 41].   In the N, N-Donor ligands; 2, 2'-bipyridine had intraligand bands at 277 nm and 307 nm while 1,10-phenathroline at 224 nm, 275 nm and 312 nm.  These bands are similarly ascribed to π-π* and n-π* transitions within the aromatic rings, and the imine (C=N) moieties within these systems [15, 22, 32]. In the visible spectra of the complexes; three transitions were observed for [Co(BABH)(bpy)2]Cl.H2O,  at 671, 608, and 565 nm. These bands were assigned to transitions arising from 4T1g → 4T2g(F) (ν1), 4T1g → 4A2g(F) (ν2) and 4T1g → 4T2g(P) (ν3) respectively, suggesting an octahedral environment. Two bands were seen for Co(BABH)(phen)(H2O)2]Cl at 557 and 670 nm and assigned to (ν3) and (ν1) respectively while (ν2) was not observed suggesting an octahedral geometry [28,30,35]. This assignment is supported by a magnetic moment of 3.77 B.M found for [Co(BABH)(bpy)2]Cl.H2O which is very close to theoretical value, suggesting a quenched orbital contribution, and 4.81 B.M for [Co(BABH)(phen)(H2O)2]Cl, which is a typical experimental results for octahedral cobalt(II) complexes [36, 52]. due to large orbital contribution. These results showed that the complexes are paramagnetic, high spin, with three unpaired electrons [37]. “However, [Co(BABH)(en)]Cl.H2O showed one intense band centered around 471 nm which was assigned to 1A1g →1B1g while other band(s) observed may be due to weak intensity” [20, 33]. “A square planar geometry was proposed for this molecule and is supported by a magnetic moment of 1.96 B.M, revealing a low spin, d7 ion, with the presence of one unpaired electron” [40, 54].
Nickel(II) complexes often exhibit three bands corresponding to the transitions 3A2g → 3T1g(P) (v3), 3A2g → 3T1g (F) (ν2) and 3A2g → 3T2g (F) (ν1) in an octahedral environment [22, 34]. Two nickel complexes; [Ni(BABH)(bpy)2]Cl.H2O and [Ni(BABH)(phen)(H2O)2]Cl displayed three bands each at (663, 570, and 536) nm and (631, 503 and 474) nm respectively, corresponding to 3A2g → 3T2g (F)(ν1), 3A2g → 3T1g (F) (ν2) and 3A2g →3T1g (P)(ν3).  They have magnetic moments of 2.80 B. M. and 3.40 B.M respectively indicating the presence of two unpaired electron, paramagnetic,  octahedral complexes (35, 52, 53).  The [Ni(BABH)(en)]Cl.H2O showed two d-d bands in the visible region, that centered at 582 and 660 nm. “These bands were attributed to the 1A1g → 1B1g and 1A1g → 1A2g electronic in a square planar geometrical environment. The magnetic moment found for this molecule was 0.86 B.M. which supports the square planar geometry.  These visible spectra bands were assigned based on previous assignments in metal complexes” [24, 35, 36].
For a d9 copper(II) complexes, with one unpaired electron, one broad, d-d band is usually seen in the visible region, with the presence of a shoulder band due to Jahn-Teller distorttion [17]. In the synthesised Cu(II) complexes of BABH mixed with 2,2´-bipyridine, 1,10-phenanthroline, and ethylenediamine, one broad band, centered at 702, 680, and 656 nm, respectively were observed, and assigned to the 2Eg → 2T2g transitions in an octahedral [17]. There may be broadening of the band due to  [17, 53].
“These magnetic moment values agree with previous studies for d8 octahedral complexes containing two unpaired electrons, while the magnetic moment value of 0.86 B.M obtained for [Ni(BABH)(en)]Cl.H2O, suggested the geometry of the complex to be a square planar [“17, 40].
The synthesized copper(II) complexes; [Cu(BABH)(bpy)2]Cl.H2O, [Cu(BABH)(phen)(H2O)Cl] and [Cu(BABH)(en)]Cl gave effective magnetic moments of 1.98, 2.34, and 1.80 B.M respectively, which are suggestive of a d9 configuration with an unpaired electron. This range (1.80 - 2.34 B.M) is similar to the range typically observed for copper(II) complexes (1.70 - 2.20 B.M).





Table 3: The Electronic Spectra and Magnetic Moments Data of Heteroleptic Metal(II)    
                           Complexes of BABH and N-N Donor Ligands 

	Compounds
	Intraligand 
transitions
(nm)
	d-d 
transitions
(nm)
	Assignments
	μeff (BM)
	Proposed 
Geometry

	Bpy
	277, 307
	-
	π-π* and n-π*
	-
	-

	Phen
	224, 275, 312
	-
	π-π* and n-π*
	-
	-

	BH
	207, 224
	-
	π-π* and n-π*
	-
	-

	BABH
	208, 256
	-
	π-π* and n-π*
	-
	-

	[Co(BABH)(bpy)2]Cl.H2O
	212,
256
305
	565,
608,
671
	4T1g→4T1g (P)
4T1g→4A2g(F)
4T1g→4T2g  (F)
	3.77
	Octahedral

	[Ni(BABH)(bpy)2]Cl.H2O 
	210,
264,
305
	536,
570,
663
	3A2g→3T1g (P)
3A2g→3T1g (F)
3A2g→3T2g  (F)
	2.88
	Octahedral

	[Cu(BABH)(bpy)2]Cl.H2O 
	207,
219,
308
	702
	2Eg→2T2g
	1.98
	Octahedral

	[Co(BABH)(phen)(H2O)2]Cl
	210,
270,
325
	557,
---
670
	4T1g→4T1g (P)
4T1g→4A2g(F)
4T1g→4T2g  (F)
	4.81
	Octahedral

	[Ni(BABH)(phen)(H2O)2]Cl
	210,
268,
295,
327
	474,
503
631
	3A2g→3T1g (P)
3A2g→3T1g (F)
3A2g→3T2g  (F)
	3.28
	Octahedral

	[Cu(BABH)(phen)(H2O)Cl]
	208,
221
295
	680
	2Eg→2T2g
	2.34
	Octahedral

	[Co(BABH)(en)]Cl.H2O
	220,
240
	471
	1A1g →1B1g
	1.96
	Square planar

	[Ni(BABH)(en)]Cl.H2O
	210,
268
	582,
660
	1A1g →1B1g
1A1g →1A2g

	0.86
	Square planar

	[Cu(BABH)(en)(H2O)2]Cl
	216,
253
	656
	2Eg→2T2
	1.80
	Octahedral
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 	Figure 3a: UV Spectra of BABH and its precursor, BH
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Figure 3b: Visible Spectra of Heteroleptic Co(II) Complexes


                        [image: ] 

 Figure 3c: UV Spectra of Heteroleptic Co(II) Complexes
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Figure 3d: Visible Spectra of Heteroleptic Cu(II) Complexes

3.2.4	DNA binding study
“Generally, hypochromism accompanied by a red shift is an indication of intercalative binding mode (interaction inside the double helix) between molecules and DNA, and this is the binding characteristic of compounds that have been reported to be capable of inhibiting DNA replication in the tumor cells. On the other hand,  hyperchromism accompanied with blue or red shift is suggestive of groove mode of binding (surface binding) to the DNA, and such compound might not be capable of inhibiting tumor cells” [7, 28].
In this study, the bands around 300 nm were monitored to investigate the mode of binding and the extent of interaction between the complexes and Ct-DNA. These characteristics were discussed based on the absorbance shift, as a function of raising the concentration of Ct-DNA; (1.56, 3.13, 6.25, 12.50, 25.00, and 50.00 µM) against a constant concentration of the metal(II) complexes (20 x 10-5 M). The complexes binding strength were compared with the binding strength of ethidium bromide quantitatively, which is the most familiar intercalator [41]. Five complexes bind to Ct-DNA through intercalation; their intrinsic binding constant (kb) were calculated and ranged from 0.20 to 6.74 x 104 M-1 (Table 4). The binding constants for these complexes increase in order; [Co(BABH)(bpy)2]Cl.H2O > [Ni(BABH)(phen)(H2O)2]Cl > [Ni(BABH)(bpy)2]Cl.H2O > [Co(BABH)(en)]Cl.H2O > [Cu(BABH)(bpy)2]Cl.H2O. Four other complexes: Co(BABH)(phen)(H2O)2]Cl, [Cu(BABH)(phen)(H2O)2]Cl, [Ni(BABH)(en)]Cl.H2O, and [Cu(BABH)(en)(H2O)2]Cl. exhibited groove mode of binding with Ct-DNA, which indicated interaction outside the DNA double helix (42-44). 
The absorption bands for complexes bearing bipyridine; [Ni(BABH)(bpy)2]Cl.H2O, [Co(BABH)(bpy)2]Cl.H2O and [Cu(BABH)(bpy)2]Cl.H2O at 305, 307 and 311 nm respectively, were monitored to observe the shift they exhibited on interaction with  Ct-DNA. It was observed that, there was a reduction in absorbance (hypochromic shift) as Ct-DNA concentration increased with little or no shift in their absorption wavelengths, and these suggested an intercalative binding mode between the Ct-DNA and the synthesized complexes. The percentage hypochromism for these complexes ranged from 11.91 to 32.47% and the intrinsic binding constant was calculated as given in (Table 4). In [Cu(BABH)(bpy)2]Cl.H2O for instance; the λmax at 311 nm experienced no shift in wavelength but decrease in absorbance (hypochromic shift) from 1.520 to 1.339, which suggested an intercalation with Ct-DNA [7]. These behaviors were also observed for [Ni(BABH)(bpy)2]Cl.H2O and [Co(BABH)(bpy)2]Cl.H2O (Figure 5a and Figure 5b). The kb values (103 - 104) M-1 are within the range previously reported for intrinsic binding constant of intercalatively bounded metal(II) complexes and Ct-DNA [7-8, 45-46].
[bookmark: _GoBack]In the complexes bearing 1,10-phenanthroline; [Ni(BABH)(phen)]Cl.H2O exhibited intercalative binding mode with intrinsic binding constant of 5.81 x 104 M-1 while  [Co(BABH)(en)]Cl.H2O bind to Ct-DNA through intercalation amongst the complexes having ethylenediamine as N,N-Donors; the monitored absorption band centered at 471 exhibited hypochromism of about 17.46% with intrinsic binding constant, kb of 1.17 x 104 M-1 (Table 4). Contrarily, other complexes behaved differently when reacted with Ct-DNA. On the monitored intraligand bands for the respective free complexes, there was a blue shift in wavelengths of their absorption bands (hypsochromic shift) and the absorbance keeps increasing per increasing concentration of Ct-DNA. This hyperchromic shift is attributed to surface binding of the compound to Ct-DNA [37, 47] and “breakage of DNA secondary structure, where the suitable anchor for coordination to metal(II) complex is provided by phosphate group” [8]. 


[image: ]
Figure 4a: Spectra of [Cu(BABH)(bpy)2]Cl.H2O with Ct-DNA

               [image: ]

Figure 4b: Spectra of [Co(BABH)(en)]Cl.H2O with Ct-DNA


In general, the intrinsic binding constants, kb values for the synthesized complexes as shown in the Table 4 ranges from 0.17 to 7.77 x 104 M-1, and are lower than kb of the standard, Ethidium bromide (Kb ∼ x106) and [Ru(phen)2DPPZ]2+ (Kb ∼ x 106-107) [48-50]. The surface area of the complexes, as well as structural differences of the ligands might influence the DNA binding strength and mode of binding [7, 51]. However, the kb values for the strength of the five complexes that bind to Ct-DNA via intercalation are within the range previously reported for intercalative interaction between Ct-DNA and metal complexes [7, 46].

Table 4: UV-Visible Spectra Parameters for Ct-DNA Interaction with the Synthesised 
                            Complexes
	Compounds
	λmaxfree (nm)
	λmaxbound (nm)
	∆λ(nm)
	% Chromism
	Type of Chromism
	kb
( x 104M-1)

	[Co(BABH)(bpy)2]Cl.H2O
	307
	313
	6
	32.47
	Hypo
	6.74

	[Ni(BABH)(bpy)2]Cl.H2O 
	305
	307
	2
	26.27
	Hypo
	0.81

	[Cu(BABH)(bpy)2]Cl.H2O 
	311
	311
	0
	11.91
	Hypo
	0.20

	[Co(BABH)(phen)(H2O)2]Cl
	357
	355
	2
	17.86
	Hyper
	7.77

	[Ni(BABH)(phen)(H2O)2]Cl
	329
	327
	2
	19.40
	Hypo
	5.81

	[Cu(BABH)(phen)(H2O)Cl]
	295
	295
	0
	12.34
	Hyper
	0.24

	[Co(BABH)(en)]Cl.H2O
	471
	474
	3
	17.46
	Hypo
	1.17

	[Ni(BABH)(en)]Cl.H2O
	310
	309
	1
	15.71
	Hyper
	4.67

	[Cu(BABH)(en)]Cl.H2O
	314
	312
	2
	17.89
	Hyper
	0.17

	Ethidium Bromide (EB)
	-
	-
	-
	-
	Hypo
	106 M-1


               


	   Proposed Structures and 1HNMR Spectrum of BABH    


                    
Figure 5a: Proposed structure for [Co(BABH)(bpy)2]Cl.H2O, [Ni(BABH)(bpy)2]Cl.H2O and     
                   [Cu(BABH)(bpy)2]Cl.H2O


                 
Figure 5b: Proposed structure for [Co(BABH)(phen)(H2O)2]Cl  and  
                    [Ni(BABH)(phen)(H2O)2]Cl

                              
Figure 5c: Proposed structure for [Cu(BABH)(phen)(H2O)Cl]
    


Figure 5d: Proposed structure for [Co(BABH)(en)]Cl.H2O and [Ni(ABH)(en)]Cl.H2O.

           	 [image: ]
Figure 5e: Proposed structure for [Cu(BABH)(en)(H2O)2]Cl.


4. Conclusion
The hydrazone ligand, BABH and its mixed ligand metal(II) complexes were prepared and characterized using spectroscopic techniques, percentage metal analysis, magnetic susceptibility and molar conductivity measurements. There was a good agreement between the percentage metal calculated and observed. The IR revealed the mode of coordination of the ligand to the metal ions. The complexes had octahedral and square planar geometries.  The binding mode and strength of the binding of the complexes with Ct-DNA studied wit the aid of UV-Vis electronic spectroscopy showed that the metal(II) complexes of Benzylacetone-benzoylhydrazone mixed with N-N donor ligands had potential ability to disrupt the growth of tumor cells by inhibiting their DNA.
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