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a b s t r a c t 

Synthesis of new N 

′ - cyclohexylidene-3–hydroxy-2-naphthohydrazide (H 2 L) complexes was carried out 

by ball milling technique in the lack of solvent (green approach) and then characterized by analytical 

and spectroscopic techniques. The metal salts used for preparations, were varied in their conjugated an- 

ions (Cl −, SO 4 
−2 & OAc −) to investigate the changes in properties of obtained complexes, by changing 

anions, even with the same ligand. The ligand was coordinated mainly as monobasic with the metal 

acetate salts, while a neutral with metal chloride or sulfate salts. Such coordination modes were ap- 

peared through bidentate or tridentate towards central metals within different molar ratios (1: 1 or 1:2, 

M:L). Conductometric study was performed for Co(II) complex to estimate the complex stoichiometry 

and either formation or association constants, in solution state. DMOL3 program was used via DFT/B3LYP 

method to optimize the studied compounds and to obtain essential quantum parameters. Consequently, 

we confirmed the coordination of O(11), O(13) and N(16) atoms according to their features appeared in 

molecular modeling study. In-silico assessment was performed to examine the interaction features of new 

compounds with pathogenic-DNA, before in-vitro screening. Such assessment was carried out firstly by 

pharmacophore query within MolPort drug-library to discover the analogues drugs in activity towards 

DNA proteins. MolPort-007–588–377 and MolPort -0 0 0–734–772 were the code numbers of two ana- 

logues drugs. Secondly MOE-docking process was executed to explain all interaction features and rank 

the inhibition activity of complexes. Furthermore, antimicrobial, antioxidant and antitumor activity were 

investigated for all compounds and Ni(II)-Bis(HL) complex showed excellent antioxidant activity. Whereas, 

Co(II)-Bis(HL) complex showed excellent cytotoxicity towards liver cancer cells. Finally, the whole charac- 

teristics of complexes were changed by changing conjugated anions, even with the same ligand. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

Recently, a class of azomethine-based ligands was gained a 

ide interest due to its chelating ability via multiple coordination 

odes with transition metal ions as well as their distinguish ap- 

lications [1] . Also, all hydrazide-based ligands could being effec- 

ively synthesized by so simple condensation reaction [2] . Different 
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ivalent metal ion complexes were prepared by a green strategy 

rom 4-aminoantipyrine- based ligand and exhibited effective bind- 

ng with calf-thymus DNA [3] . A series of Cu(II)-hydrazide com- 

lexes were prepared and exhibited a significant intrinsic binding 

ith DNA and anti-inflammatory activity [4] . Macrocyclic Ni(II) and 

o(II) complexes were prepared and effectively used as a catalyst 

or CO 2 reduction [5] . The ligand prepared from propanehydrazide 

nd was used to synthesize bivalent metal ion complexes by green 

ay and most of complexes exhibited biological activity [6] . Sali- 

yladehyde derivative was used to prepare Schiff base ligand and 
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Scheme 1. The suggested products for performed reactions concerning ligand preparation and its metal complexes. 
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fter characterization its was used to isolate Cu(II) and Ni(II) com- 

lexes [7] . Green synthesis of 4- and 6-coordination number from 

d(II), Ni(II) and Cu(II)-Schiff base complexes, was executed. An- 

imicrobial, antioxidant or antitumor activity was investigated for 

ll synthesizes and most of them exhibited promising results [8] . 

olymeric metal ion complex was investigated as a catalyst to- 

ards the decomposition of H 2 O 2 [9] . Cu(II), Ni(II) and Co(II)-Schiff

ase complexes were prepared and characterized, then used as 

 catalyst for cyclohexane-oxidation by using hydrogen peroxide 
2 
10] . New Co(II), Ni(II) and Cu(II)-hydrazide complexes were pre- 

ared and exhibited antitumor activity [11] . In addition, Zn(II) and 

d(II) complexes were synthesized from new Schiff base deriva- 

ive and intensive theoretical studies were executed [12] . It is wor- 

hy to mention that, the chemical synthesis caused many envi- 

onmental problems in which the researchers tried to make their 

ynthesis without hazardous. Consequently, the preparation in ab- 

ence of solvent as a green protocol, is the aim already applied 

n many publications by using Ball-milling technique [ [3] , [6] ]. A 
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Fig. 1. 13 C NMR spectrum of H 2 L in DMSO–d 6 . 

Fig. 2. Mass spectrum of H 2 L. 
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erfect grinding for reactants (metal salt & ligand) by Ball-milling 

ithout solvent, leads to facile complexation that noticed firstly 

y changing the color away from initial compounds. The purity 

f complexes was evaluated by TLC after washing solid complexes 

any times by a suitable solvent [ [8] , [12] , [13] ]. Proceeding from

ll mentioned studies and in continuation for our work [13–19] , 

e planned to synthesize new hydrazide derivative. Then and after 

haracterizing the ligand, it was used to synthesize new complexes 

rom CuSO 4 , Cu(OAc) 2 , NiCl 2 •6H 2 O, Ni(OAc) 2 •4H 2 O, CoCl 2 •6H 2 O

nd Co(OAc) 2 •4H 2 O salts. The preparation of complexes was car- 

ied out in absence of solvent as a green approach. This variation 

n conjugated anions (Cl −, SO 4 
−2 &OAc −), aims to differentiate the 

inding modes as well as the whole properties, accordingly. All 

omplexes were investigated by available analytical, spectral and 
h

3 
heoretical techniques. Conductometric study was executed in so- 

ution for selected complex. To predicate drug-like property as well 

s the inhibition activity of new compounds, pharmacokinetics and 

OE-docking simulation, were performed, respectively. Finally, var- 

ous in-vitro assays were executed for comparative evaluation and 

ank their activity. 

. Experimental steps 

.1. Reagents used for synthesis steps 

3-Hydroxy-2-naphthoic acid hydrazide and cyclohexanone were 

btained from Sigma & Aldrich as BDH and used to prepare 

ydrazide ligand. CuSO , Cu(OAc) , NiCl ·6H O, Ni(OAc) ·4H O, 
4 2 2 2 2 2 
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Table 1 

Important IR-spectral bands in H 2 L and its metal complexes. 

Compound; symbole υ(OH) naphthoic υ(NH) υ( C = O ) υ( C = N ) υ( C = N ∗) υ(C –O) naphthoic υ(C –O) enolic υ(M-O) υ(M-N) 

1)H 2 L 3274 3142 1644 1624 – 1271 – – –

2)[C u (H 2 L) 2 (SO 4 )];Cu(II)- Bis(H 2 L) 3432 3266 1636 1607 – 1272 – 532 423 

3)[C u (H 2 L)(OA c ) 2 ]; Cu(II)-H 2 L 3560 3270 1633 1606 – 1272 – 518 420 

4)[N i (H 2 L)C l 2 (H 2 O)].H 2 O; Ni(II)-H 2 L 3245 3150 1634 1608 – 1273 – 530 420 

5)[C o (H 2 L)C l 2 (H 2 O)]; Co(II)-H 2 L 3243 3149 1638 1606 – 1273 – 525 410 

6)[N i (HL) 2 (H 2 O) 2 ]; Ni(II)-Bis(HL) 3426 – – 1596 1639 1244 1168 523 420 

7)[C o (HL) 2 (H 2 O) 2 ]; Co(II)-Bis(HL) 3427 – – 1593 1636 1242 1157 522 410 

Table 2 

Magnetic moments, electronic transitions and ligand field parameters. 

Compound μeff. (B.M.) Band position (cm 

−1 ) D q (cm 

−1 ) B (cm 

−1 ) β υ2 / υ1 

[Ni(H 2 L)Cl 2 (H 2 O)].H 2 O 2.98 15,106; 25,641 937 852 0.88 1.63 

[Ni(HL) 2 (H 2 O) 2 ] 3.23 16,667; 26,666 1066 761 0.73 1.75 

[Co(H 2 L)Cl 2 (H 2 O)] 5.12 14,550; 18,316 793 835 0.86 2.15 

[Co(HL) 2 (H 2 O) 2 ] 4.91 14,814; 17,391 767 767 0.79 2.15 

[Cu(H 2 L) 2 (SO 4 )] 1.97 17,391 – – – –

[Cu(H 2 L)(OAc) 2 ] 2.01 16,000 – – – –
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oCl 2 ·6H 2 O and Co(OAc) 2 ·4H 2 O were the salts used to prepare se-

ies of complexes. Glacial acetic acid, ethanol, DMSO (Dimethyl sul- 

oxide) and DMF (Dimethylformamide) were extra-pure and used 

ithout preliminary treatments. These former chemicals were pur- 

hased from Merck. 

.2. Synthesis stage 

.2.1. Synthesis of hydrazide ligand 

Firstly the ligand was prepared from reaction of 3–hydroxy-2- 

aphthoic acid hydrazide (0.01 mol; 3.06 g) and cyclohexanone 

0.01 mol; 1.04 g), in 20 ml glacial acetic acid. This mixture 

as refluxed and stirred for 3 h to complete aimed condensa- 

ion reaction. The solid precipitate was filtered off then recrys- 

allized by using ethanol and dried over CaCl 2 in vacuum desic- 

ators ( Scheme 1 ). Yellow crystals obtained, M.P. 235 °C; Analyti- 

al data (C 17 H 18 O 2 N 2 ), C (%): 72.12 (Calcd.72.33), H(%): 6.48 (Calcd.

.39). IR (KBr-disk) (Fig. 1S); 1644, 1624, 3142 and 1271 cm 

−1 for 

( C = O ), υ( C = N ), υ(NH) and υ(C 

–O) naphthoic , respectively. Also,
 H NMR spectrum (DMSO–d 6 , Fig. 2S) of the ligand exhibited the 

ollowing signals; δ (ppm): 1.52–1.57 (m, 6H, -CH 2 CH 2 CH 2 - of cy- 

lohexanone); 2.37–2.43 (m, 4H, 2 -CH 2 - ortho-position for C = N 

n cyclohexanone); 7.32–7.95 (m, 5H, Ar-H); 8.57 (s, 1H, Ar-H); 

1.27 (s, 1H, NH), 11.58 (s, 1H, OH). 13 C NMR spectral data were 

yped on the graph ( Fig. 1 ) for simplicity. Mass spectrum ( Fig. 2 );

/z (ppm) = 283.29 (5.22%) assigns to [ M 

+ + 1] for C 17 H 18 O 2 N 2 

M.W. = 282.34). These analyses confirm the formula suggested for 

he ligand which abbreviated by H 2 L in this article based on pres- 

nce of two labile hydrogen atoms in OH and NH 

–C = O groups,

hich may be ionized. 

.2.2. Synthesis of complexes 

Equi-molar amounts from the ligand (2 mmol, 0.565 g) and 

ach metal salt as follow; CuSO 4 (0.319 g), Cu(OAc) 2 (0.245 g), 

iCl 2 ·6H 2 O (0.475 g), Ni(OAc) 2 ·4H 2 O (0.498 g), CoCl 2 ·6H 2 O 

0.476 g) and Co(OAc) 2 ·4H 2 O (0.498 g) were mixed in Ball-milling 

nd grinded till complete complexation. The purity of products was 

ested by TLC after washing many times by EtOH. This test was 

arried out after dissolving the ligand in EtOH and each complex 

n DMSO solvent. A spot was taken from each solution and put in 

 thin layer chromatography plate. Then the plate was put in the 

obile phase (petroleum ether: ethyl acetate, 3:1). The complex 

pot migrated over the plate by different retention factor (RF) than 

he ligand, which indicates its purity. Such facile synthesis step 
4 
as applied to produce the aimed complexes which then analyzed 

o know their chemical formulae. 

Analytical data; Found (Calcd.) 

Green solid complex (M. P. 280 °C); [Cu(H 2 L) 2 (SO 4 )] 

CuC 34 H 36 O 8 N 4 S, M.W. = 724.28); C(%) 56.52 (56.38); H(%) 5.09 

5.01); Cu(%) 8.84 (8.77); SO 4 (%) 13.30 (13.26). Green solid 

omplex (M. P. 284 °C); [Cu(H 2 L)(OAc) 2 ] (CuC 22 H 27 O 6 N 2 , M.W. =
79.01); C(%) 54.52 (55.16); H(%) 5.06 (5.68); Cu(%) 13.78(13.27). 

reen solid complex (M. P. ˃300 °C); [Ni(H 2 L)Cl 2 (H 2 O)].H 2 O 

NiC 17 H 22 O 4 N 2 Cl 2, M.W. = 447.97); C(%) 46.19 (45.58); H(%) 5.04 

4.95); Ni(%) 13.21 (13.11); Cl(%) 16.00 (15.83). Green solid complex 

M. P. ˃300 °C); [Ni(HL) 2 (H 2 O) 2 ] (NiC 34 H 38 O 6 N 4, M.W. = 657.38);

(%) 62.05(62.12); H(%) 5.72(5.83); Ni(%) 8.91(8.93). Brown solid 

omplex (M. P. ˃300 °C); [Co(H 2 L)Cl 2 (H 2 O)] (CoC 17 H 20 O 3 N 2 Cl 2 ,

.W. = 430.20); C(%) 47.59(47.46); H(%) 4.53(4.69); Co(%) 

3.64(13.70); Cl(%) 16.40(16.48). Brawn solid complex (M. P. 

300 °C); [Co(HL) 2 (H 2 O) 2 ] (CoC 34 H 38 O 6 N 4 , M.W. = 657.62); C(%)

2.75(62.09); H(%) 5.94(5.82); Co(%) 8.96(8.96) 

.3. Analytical techniques 

The complexes were synthesized using ball milling. A con- 

ainer filled with 10 cm3 stainless steel, double-walled tube, and 

wo stainless steel balls make up the Retsch MM20 0 0 swing mill 

12 mm diameter and 7 g weight). At room temperature, ball- 

illing was performed at 20,225 Hz, 100 Hz, for 1/2 hour. Perkin- 

lmer 2400 CHN Elemental Analyzer was used to extract the per- 

entages of elements (carbon, hydrogen, and nitrogen). Also, com- 

lexometric titration and gravimetric analysis were used to de- 

ermine the metal content and conjugated anion (Cl − or SO 4 
−2 ) 

14] . JENWAY model 4070 Conductance Bridge was used to record 

onductance measurements (in DMSO). The IR and NMR spectra 

ere obtained from JASCO FT-IR-4100 spectrophotometer (400–

0 0 0cm 

−1 ) and Burker (500 MHz). Unicam spectrophotometer was 

sed to scan the dissolved samples (in DMSO) to obtain UV–

is spectra, while the balance of Johnson Matthey was used to 

etermine magnetic susceptibility. The mass spectral analysis was 

erformed at 70 eV using an AEIMS 30 mass spectrometer with 

 heating rate of 40 °C/min and a mass/charge scanning range 

f 50–10 0 0. At 25 °C, EPR spectra were obtained using Jeol JES- 

E1X spectrometer (9.435 GHz) and DPPH as a reference. Shi- 

adzu Thermogravimetric Analyzer was used to derive TGA/DTG 

urves (20–900 °C). Under nitrogen, the heating rate was 10 °C 

in 

−1 . On an X-ray diffractometer (GNR, APD20 0 0PRO, Italy) with 

 graphite monochromator, XRD patterns (10 ̊< 2 θ < 90 ̊ rang) were 
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Table 3 

ESR Data of the Copper (II) Complexes at Room Temperature. 

Complex g || g ⊥ A || 
∗(cm 

−1 ) G g || / A || α2 β2 Symm. 

[Cu(H 2 L) 2 (SO 4 )] 2.25 2.07 159 3.5 141 0.75 0.86 O h 

[Cu(H 2 L)(OAc) 2 ] 2.21 2.06 162 6.3 136 0.72 0.63 O h 

A || 
∗ = A || x 10 −4 . 

Fig. 3. TEM of (A) [Cu(H 2 L)(OAc) 2 ] and (B) [Cu(H 2 L) 2 (SO 4 )] complexes. 
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btained. Using Cu/K α1 radiation, the scanning rate is 0.03 ° min 

−1 . 

oel JSM-6390 equipment was used to view SEM images. X-Ray En- 

rgy Dispersive Spectroscopy 

.4. Preparations for conductometry 

The ligand (H 2 L) solution (10 −3 M) was prepared by dissolv- 

ng 0.0282 g in 5% DMF/MeOH mixture. Also, Cu(OAc) 2 solution 

10 −4 M), was prepared by dissolving 0.0245 g in the same mix- 

ure, 5% DMF/MeOH. Titrate 20 mL from Co(II) solution with ligand 

olution (in burette). Sequentially, after adding each 0.2 mL ligand, 

easure the conductivity value by using HANNA, H1 8819 N type 

cell constant = 1) (at 25 °C). Notice; the conductometer was at- 

ached with digital thermometer and ultra-thermostat (Kottermann 

130). 

.5. Molecular modeling 

Materials Studio package was applied through DMOL3 pro- 

ram [20] , to optimize all structural forms and estimate the quan- 

um parameters. Schiff base ligand and its complexes were struc- 

urally configured by using DFT through exchange-correlation func- 

ional method of Becke3–Lee–Yang–Parr (B3LYP) [21] . DNP ba- 

is set [22] of GGA in PBEPBE functionals [23] as exchange- 

orrelation function, was the suitable one for energy minimization 

hat proceeded for optimization. Furthermore, the maps of electro- 

tatic potential were performed over optimized structures by using 

3LYP/6–31 G (d) level. 

.6. Biological simulation studies 

.6.1. Pharmacophore 

The interaction models were obtained for most new com- 

ounds with two functional DNA-proteins (6va5 & 1kzy)(Scheme 

S). These proteins were PDB co-crystal forms which treated with 
5 
ach compound after uploading on Pharmit link ( http://pharmit. 

sb.edu ) [24] . Each interaction profile was achieved according to 

igand-based type and also the binding types such as, H-bond ac- 

eptor (H-acc), H-bond donor (H-don), basic (H-bas) and acidic (H- 

cid), were counted. After that we started running for search in 

olPort drug-library which updated at 2020–oct-14, 21:12:10 and 

ncludes 110,309,969 conformers for 76 6 6,850 molecules [25] . This 

harmacophore search aims to extract analogues drugs which al- 

eady certified to confirm therapeutic feature of tested compound. 

.6.2. Molecular docking 

Molecular Operating Environmental module (MOE, ver. 2018) 

26] , is the program certified from drug industry which caused 

 revolution in the field of drug designing. This docking process 

imulates the behavior inside infected cell and put a respectable 

nswers for many questions. What happened inside the cell af- 

er treatment using the suggest drug what is the interaction fea- 

ures with amino acids base-pairs, all of these question could be 

nswered. Two selected DNA-proteins (6va5 & 1kzy) in their co- 

rystal forms were obtained from Protein Database [27] for dock- 

ng purpose with new compounds. Such in-silico assay could being 

tarted after doing several steps to orient both docking sides as the 

uggested inhibitor (compound) and targeted protein. Inhibitor un- 

er test must face energy minimization, render for atomic charges 

nd identifying potential energy value. Then open new database 

nd save the oriented structure as MDB format to be ready for 

ocking. 

On the other hand, each protein must also being oriented 

hrough many steps to be suitable for docking. Firstly remove the 

ater molecules attached with co-crystal, then put H-atoms over 

elected receptors and dummies in agreement to MMFF-force field 

27] . Connect receptors, fix potential energy and then search for al- 

osteric binding sites over protein helix and clarified the dummies. 

herefore, select MDB file and start the docking process which cov- 

rs trials over 30 poses to reach the most stable one. These poses 

http://pharmit.csb.edu
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Fig. 4. XRD of (A) [Cu(H 2 L)(OAc) 2 ] and (B) [Cu(H 2 L) 2 (SO 4 )] complexes. 
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M

ere controlled by London dG-scoring function which advanced 

wice times by triangle-matcher [28] . Some of these poses are 

ompletely unacceptable due to they yielded from un-preferable 

lash between the compound and protein pockets. Each docking 

rocess produced interaction parameters, docking patterns and in- 

eraction molecular surfaces which they used to order the inhi- 

ition efficiency of tested compounds. This according to H-bond 

ength which must agree with Van der Waals radii ( ˂ 3.5 Å) as 

ell as the docking score values which estimated from this rela- 

ion; docking Score (force fields) = - ((receptor interaction energy / 

igand) + ligand internal energy) [28] . 

.7. Biological screening 

.7.1. Antimicrobial investigation 

Agar well diffusion technique was applied in-vitro screening 

hat detailed in the supplementary file (Scheme 2S) [29] . Inhibi- 

ion behavior of all synthesizes was examined towards Staphylococ- 

us aureus ( G + ve), Escherichia coli (G-ve) and Candida albicans (fun- 

us). 100 μg/mL were the stock solution concentration that pre- 
6 
ared from each tested compound in DMSO solvent. Finally, after 

mplementing the steps presented (Scheme 2S), inhibition zones 

ere measured. Inhibition activity index (%) was estimated accord- 

ng to reference drug (antibiotic ampicillin or antifungal Colitrima- 

ole) by using this equation;% = (diameter of inhibition zone under 

nfluence of tested compound / diameter of inhibition zone under 

nfluence of standard) × 100 

.7.2. Anti-oxidant and antitumor activity 

ABTS-assay was applied to test antioxidant efficiency of all 

ew compounds which typed briefly in Scheme 3S [30] . The 

eagent used [2, 2-azinobis-(3-ethylbenzthiazoline- 6-sulphonic 

cid), ABTS] in this study and the reference drug (L-ascorbic 

cid) were purchased from Sigma & Aldrich. The mixtures pre- 

ared must be shaken carefully, centrifuged and finally filtrated 

ff. The resulting greenish-blue color intensity of ABTS-radical 

as measured (A control ) at λ= 734 nm. Then the absorbance (A test ) 

as monitored after addition of 2 mM from the tested com- 

ound (50 μL) which prepared in spectroscopic grade solvent, 

eOH/buffer (1:1; v/v). The decay of color intensity is a measur- 
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Table 4 

Formation constants and Gibbs free energies of formation for 2:1 (M/L) Co(II)-(H 2 L) complex in 

DMF/Methanol at 290.15 K. 

/ \ obs (cm 

2 .Ohm 

−1 ) [L] (/ \ obs -/ \ ML ) [L] (/ \ M -/ \ obs ) K f G f �G f (k J/mol) 

92.44 5.70E-05 2.559E-05 4.970 194,178 −29,779 −29.779 

93.20 6.55E-05 7.962E-05 4.208 52,790 −26,594 −26.594 

93.75 7.44E-05 0.000130669 3.658 27,980 −25,041 −25.041 

94.83 9.11E-05 0.000258183 2.580 9993 −22,523 −22.523 

95.24 9.92E-05 0.000322866 2.163 6697 −21,544 −21.544 

96.17 0.000139 0.000577112 1.237 2142 −18,756 −18.756 

96.92 0.000176 0.000857531 0.480 559 −15,470 −15.470 

96.93 0.000189 0.000924489 0.478 515 −15,268 −15.270 

/ \ M = 97.4 cm 

2 .Ohm 

−1 , / \ ML = 91.98 cm 

2 .Ohm 

−1 . 
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ble for scavenging activity for free radicals and the activity index 

ould be determined by this relation; [A (control) - A (test) /A (control) ] ×
00. Notice; ascorbic acid (vitamin c) was the positive control and 

he blank solution was methanol/phosphate buffer (1:1) without 

BTS and tested compound. 

The antitumor screening was performed for all compounds ver- 

us liver carcinoma cell line (HepG2) according to MTT method 

31] as schematically displayed in the supplementary file (Scheme 

S). The reagents used as well as the tumor cell line were avail- 

ble from holding company for biological reagents and vaccines 

VACSERA). For comparison, 5-fluorouracil was the positive con- 

rol used and cell-viability percentage was estimated from this re- 

ation; (A 570 of tested samples/A 570 of untreated sample) × 100). 

. Results and discussion 

.1. General properties 

Co(II), Ni(II) and Cu(II)-hydrazide complexes were prepared 

rom variable anionic salts (Cl −, SO 4 
−2 & OAc −), to examine the 

mpact of conjugated anion on the ligand coordination mode 

s well as the whole features. The analytical and spectral data 

erified variations in mode of coordination within the com- 

lexes, which also appeared by two different stoichiometry as 1:1 

nd 1:2 (M:L) molar ratio. The molar conductivity of complexes 

1 mmol) were determined (in DMSO) and the values were 3.3–7.9 

hm 

−1 cm 

2 mol −1 range, which agree with non-electrolytic prop- 

rty [32] . This property may refer to the preferable coordination 

bility of SO 4 
−2 & OAc − anions. While, the complexes prepared 

rom chloride salts exhibited covalent and ionic presence of chlo- 

ide ion, due to the high similarity between the two features (ionic 

 covalence) for this anion. 

.2. Mode of coordination 

IR- spectral analysis was carried out for the free ligand and 

ts complexes (Fig. 1S) to remark the changes on significant vi- 

rational bands after complexation. Table 1 summarizes important 

ibrations for functional groups, to extract the mode of bonding 

ithin Co(II), Ni(II) and Cu(II) complexes. υ( C = O ), υ( C = N ),

(NH) and υ(C 

–O) naphthoic vibrations were appeared at 1644, 1624, 

142 and 1271 cm 

−1 , respectively [33] in H 2 L ligand spectrum. The 

hifts observed for these bands suggest either neutral or monoba- 

ic feature with bidentate or tridentate binding mode. While, the 

oordination number was elevated due to contribution of auxiliary 

igands (secondary) as water or anion molecules. 

In [Cu(H 2 L) 2 (SO 4 )] and [Cu(H 2 L)(OAc) 2 ] complexes spectra, H 2 L 

inds as a neutral bidentate ligand via carbonyl oxygen and azome- 

hine nitrogen. This is due to lower shift of υ( C = O ) and υ( C = N )

ibrations in their spectra. Vibrational band of υ(NH) kept more 

r less un-shifted due to its ruling out from coordination. While, 
7 
on-coordinating OH group pushed shift in υ(OH) naphthoic band to 

igher wavenumber [34] . Acetate or sulfate group revealed two 

ands at 1539, 1420 and 14 4 4, 1250 cm 

−1 which can be assigned

o asymmetric and symmetric vibrations, respectively. The gap be- 

ween υas (OAc) and υs (OAc) ( � = 95 cm 

−1 ) indicates the biden- 

ate nature of the group. 

A neutral tridentate binding mode of H 2 L ligand was suggested 

n [Ni(H 2 L)Cl 2 (H 2 O)].H 2 O and [Co(H 2 L)Cl 2 (H 2 O)] complexes, ac- 

ording to noticeable shifts in definite spectral bands. Azomethine 

itrogen, carbonyl oxygen and (OH) naphthoic were the coordinating 

enters with the two metal ions. This is based on lower shifted ap- 

earance of their vibrational bands. IR spectra of [Ni(HL) 2 (H 2 O) 2 ] 

nd [Co(HL) 2 (H 2 O) 2 ] complexes, point to presence of mononega- 

ive bidentate ligand. The ligand coordinates via azomethine nitro- 

en and enolized carbonyl oxygen ( = C –O 

−) after ionization. This 

uggestion is based on disappearance of both υ( C = O ) and υ(NH)

ibrations with instantaneous appearance of υ( C = N 

∗) and υ(C 

–O) 

ibrations [35] beside the lower shift of υ( C = N ) band. 

Generally, the spectra of all complexes showed new bands at 

ower wavenumber region which attributed to υ(M-O) and υ(M-N) 

ibrations. Also, chelation yields five membered rings with central 

etal atom and the coordination number was generally elevated 

y secondary ligands (anion or H 2 O) till six. ρr (H 2 O) and ρw 

(H 2 O)

ibrations were observed in the spectra of Co(II) and Ni(II) com- 

lexes, at 860–871 and 761–783 cm 

−1 region, respectively. 

.3. Electronic transitions and magnetic moments 

UV–Vis spectroscopy is considered the most significant tech- 

ique used to monitor electronic transitions inside chemical com- 

ounds particularly transition metal ion complexes. This specifica- 

ion is referring to the changes happened in d-orbitals under influ- 

nce of ligand filed ( Table 2 ). Such changes offer interesting tran- 

itions parallel to geometry of complexes and electronic configura- 

ion of central metal [36] . UV–Vis spectra of [Co(H 2 L)Cl 2 (H 2 O)] and

Co(HL) 2 (H 2 O) 2 ] complexes (Fig. 3S) showed two bands at 14,550, 

4,814 and 17,391, 18,316 cm 

−1 respectively, which correspond re- 

pectively to 4 T 1g → 

4 A 2g (F) and 

4 T 1g → 

4 T 1g (P) transitions, in oc- 

ahedral arrangement [37] . The ligand field splitting energy (D q ), 

acah parameters (B) and nephelauetic ratio ( β) were estimated 

 Table 2 ) and matched with that reported for octahedral Co(II) 

omplexes [37] . The first transition which is always out of scan- 

ing range, was also calculated ( υ1 ; 6767 &6815 cm 

−1 ) [36] . Fur-

hermore, their magnetic moment values (5.12 & 4.91 B.M.) add 

nother evidence for high-spin octahedral geometry. 

UV–Vis spectra of [Ni(H 2 L)Cl 2 (H 2 O)].H 2 O and [Ni(HL) 2 (H 2 O) 2 ] 

omplexes showed two bands at 15,10 6, 16,6 67 and 25,641, 26,6 6 6 

m 

−1 regions assignable to 3 A 2g → 

3 T 1g (F) and 

3 A 2g → 

3 T 1g (P) tran- 

itions, respectively. Their ligand field parameters (D q , B & β) were 

alculated and found within the normal range of octahedral cen- 

ered by Ni(II) ion [14] . The value of υ (9267 &10,615 cm 

−1 , re-
1 
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Fig. 5. MEP of (A)H 2 L, (B)[C u (H 2 L) 2 (SO 4 )], (C)[Cu(H 2 L)(OAc) 2 ] (D)[N i (H 2 L)C l 2 (H 2 O)].H 2 O, (E)[C o (H 2 L)C l 2 (H 2 O)], (F) [Ni(HL) 2 (H 2 O) 2 ] and (G) [Co(HL) 2 (H 2 O) 2 ]. 
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C

pectively) was also calculate. The magnetic moment values were 

.98 and 3.23 BM, respectively, for outer orbital octahedral ar- 

angement. As known, no significant information could be esti- 

ated from either the magnetic moment or the electronic transi- 

ions in Cu(II) complexes, to discriminate its structural forms. UV–

is spectra of [Cu(H 2 L) 2 (SO 4 )] and [Cu(H 2 L)(OAc) 2 ] complexes (Fig. 

S) showed characteristic bands at 17,391 and 16,0 0 0 cm 

−1 as- 

igned to 2 E g → 

2 T 2 g transition, in octahedral configuration which 

ust be distorted according to Jahn-Teller effect [38] . 
p

8 
.4. ESR-spectra 

Electron Spin Resonance analysis is an essential tool for param- 

gnetic compounds and was executed for the two Cu(II) complexes, 

o estimate Hamiltonian factors (g & f) [39] and to confirm their 

ctahedral configuration (Fig. 4S). Hyperfine splitting ( S = 1/2, 

 = 3/2) that depends on resolving microstates in D 4h symmetry 

m l = 3/2, 1/2, −3/2 & −1/2), was fairly noticed in the two spectra. 

onsequently, field vector (g) can be calculated while anisotropic 

arameters couldn’t estimate except the parallel one (A // ), due to 
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A Horowitz-Metzger Method 
mooth feature of hyperfine ( Table 3 ). Hamiltonian parameters cal- 

ulated ( Table 3 ) agree perfectly with that reported for octahedral 

onfiguration with 

2 A 1 g (d X 
2 - Y 

2 ) ground term. Due to complex for- 

ation, g-vectors (g // > g ⊥ > 2.0023) were shifted from that of free 

lectron (2.0023) according to spin-orbital coupling ( λ= −828). The 

nteraction factor (G) was estimated to evaluate the degree of in- 

eraction between centers in adjacent particles and obtained from 

his relation; G = (g // −2.0 023)/(g ⊥ −2.0 023). 

With respect to [Cu(H 2 L) 2 (SO 4 )] complex, the value of G = 3.5,

loses to normal value (4) which reflects insignificant interaction 

etween copper centers in neighboring particles. While, the sec- 

nd complex the value of G = 6.3, reflects the absence of any 

nteraction between copper centers [40] . Furthermore, tetrahedral 

istortion index ( f = g // /A // ) was calculated according to parallel 

nisotropic parameter (A // x10 −4 ). The two values were higher than 

35 which coincide with octahedral geometry values. Moreover, 

he in-plane bonding factors as σ -bonding ( α2 ) and π-bonding 

 β2 ), were also estimated from these relations; α2 = (A // /0.036) + (g // 
2.0023) + 3/7(g ┴ - 2.0023) + 0.04 and β2 = (g // −2.0023)E/( −8 λ
2 ) [41] . The two values were appeared close to unity, which indi- 

ates the ionic property of new M-L bonds. 

.5. SEM, TEM and XRD analyses 

To investigate topography of surface for two selected complexes 

i. e., Fig. 5S), SEM technique photographs the powdered samples, 

o identify morphology, particle shape, crystallinity and chemical 

omposition [42] . Energetically stimulated electrons were acceler- 

ted to interact solid surfaces and then generate various signals to 

ick up the targeted 2-D images (Fig. 5S). The micrographs dis- 

layed the particles with irregular broken ice rock-like which ac- 

ompanied with fine micrometer-sized grains that randomly dis- 

ributed over such ice rock structures [42] . 

TEM technique was implemented by using beam of electrons to 

enetrate solid specimens of [Cu(H 2 L) 2 (SO 4 )] and [Cu(H 2 L)(OAc) 2 ] 

omplexes ( Fig. 3 ). This enables to capture fine-details in solid 

amples as the high homogeneity of [Cu(H 2 CHNH) 2 (SO 4 )] complex 

urface with particulate sizes of 30 - 40 nm range. While, the sur- 

ace of second complex appeared with high aggregation for tiny 

articles till reach to size range from 60 to 90 nm [42] . 

XRD patterns of [Cu(H 2 L)(OAc) 2 ] and [Cu(H 2 L) 2 (SO 4 )] com- 

lexes (i.e.) were obtained to estimate the features of lattice dy- 

amic ( Fig. 4 ). This was carried out by using FWHM method 

43] due to nano-crystallinity nature appeared in patterns. Re- 

arding the pattern of [Cu(H 2 L) 2 (SO 4 )] complex, 2 θ , d -spacing ( ̊A),

WHM ( β) and intensity (I) were calculated [44] to be 21.94 °, 
.048, 0.23 and 530, respectively. In addition, the particulate size S 

nm) is found to be 64.14 nm. While and regarding [Cu(H 2 L)(OAc) 2 ] 

omplex pattern, 2 θ , d -spacing ( ̊A), FWHM ( β) and intensity (I)

ere calculated [45] to be 21.95, 2.493, 0.222 and 311, respectively. 

n addition, the particulate size S (nm) is found to be 66.45 nm. 

Unit-cell for crystal packing system of the two Cu(II) complexes, 

as demonstrated by using VESTA package [46] (Fig. 6S) to recog- 

ize the type of atomic arrangement inside the lattice. The style 

f simple repeated unit for the two complexes seems to be face- 

entered cubic unit. This is based on presence of lattice point 

metal) in corners of cubic-cell as well as other centered in each 

ace. This property was appeared perfect with [Cu(H 2 L)(OAc) 2 ] 

nit-cell, while the other complex appeared with indefinite pack- 

ng system. 

.6. Thermogravimetric analysis 

TGA curve of [Ni(H 2 L)Cl 2 (H 2 O)].H 2 O complex was obtained (Fig. 

S), to confirm presence of coordinating and hydrating water 
9 
olecules. The plausible degradation behavior was detailed in Ta- 

le 1S. The first step exhibited removal of hydrated water molecule 

elow 100 °C by 4.1% weight loss. While the coordinating one 

as removed in the second step beside Cl 2 molecule at 234–347 °C 

ange by19.8% weight loss. The reaming part of coordinating lig- 

nd was degraded upon other two successive steps till 532 °C, the 

ehavior in third step was schematically presented ( Scheme 2 ). In 

hich, the residual part was recorded and the weight percentage 

16.6%) closes to NiO formula. 

.6.1. Thermo-kinetic parameters 

As known, the thermogravimetric analysis stages are kinetically 

ontrolled and we could estimate kinetic and thermodynamic pa- 

ameters. These parameters are essential to characterize thermal 

ecomposition behavior along the applied temperature range. So, 

he decomposition rate which is a relation between k(T) and f( α) 

as as follow; 

d α

dt 
= k ( T ) f ( α) (1) 

In which, α is a fraction decompose at time t, f( α) is a con- 

ersion function and k(T) is a function dependent on temperature. 

hese functions are of Arrhenius type (2). 

 = A e −E ∗/ RT (2) 

In which, R is the gas constant (J mol −1 k −1 ), then by using re-

ation 2 as a function of relation 1, such relation could being ob- 

ained (3); 

d α

dt 
= 

(
A 

ϕ e −E ∗/ RT 

)
f ( α) (3) 

In which, β is a linear heating rate (dT/dt), T o is the starting 

emperature and T = T o + βt . As we know that, several decompo- 

ition processes have been exhibited first order reaction. Therefore, 

e assumed n = 1 and based on that the integration of previous 

quation leads to this relation; 

n (1 − α) = − A 

β

T ∫ 
T 0 

Exp(− E a 

RT 
) dT 

Accordingly, it is possible to interpret the data obtained by inte- 

ral method, to determine kinetics of degradation process (A&E a ). 

n the above equation, the integral in the right-hand side has no 

ignificant solutions and many approximations are commonly ap- 

lied. Therefore, we used two variable methods as Coats-Redfern 

47] and Horowitz-Metzger [48] that differ in resolving way, for 

ssertion. 

A Coats-Redfern 

The relation used by Coats-Redfern is; 

n[ 
g(α) 

T 

2 
] = ln 

(
AR 

βE 

)
− E 

RT 

In which, g( α) = 1-(1- α) 1-n /1-n if n � = 1 and g( α) = -ln(1- α) if

 = 1, 

R is the gas constant. The correlation coefficient (r) could being 

omputed by using least square method under variable n values 

 n = 0.33, 0.50, 0.66 and n = 1.00), through a relation between 

n[g( α)/T 2 ] and 1/T for the complex as shown (Fig. 8S). The value 

n) which gave best fit ( r ≈ 1) was selected as the order parameter 

or decomposition step under consideration. The kinetic parame- 

ers (E a & A) were obtained from slope of straight line ( = E a /R)

nd the intercept which equal pre-exponential factor (A) and the 

ata were displayed (Table 2S) 
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Fig. 6. Interaction profile for most synthesizes towards 6va5 protein. 
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These are the Horowitz-Metzger relations that used; 

n [ − ln (1 − α)] = 

E a 
θ

R T s 
2 

( n = 1 ) 

n 

[
1 − (1 − α) 

1 −n 

1 − n 

]
= ln ( 

AR T s 
2 

β
) − E a 

R T s 
+ 

E a 
θ

R T 2 
( n � = 1 ) 

In which, θ= T -Ts, Ts is the final stage temperature, T is the tem-

erature consistent to the weight loss. The straight line obtained 

Fig. 9S) from the relation between left hand side in the first equa- 

ion (at n = 1 as applied) and θ , then the slope is E a /RT s 
2 which

sed to estimate activation energy (Table 3S). 
A Thermodynamic Parameters 

10 
After calculating kinetic parameters, �S, �H, A, E a and �G 

ere the thermodynamic indexes calculated from the following 

imple relations; �H = E – RT, �S = R ln h A /K b T and �G = �H

T �S (Table 3S). 

Finally, we could conclude the following remarks; 

1) The kinetic parameters estimated showed better correlation 

t n = 1. 2) High activation energy values (E a ) reveal high stabil-

ty of such complex [49] . 3) Negative sign of �S values, indicates 

ore ordered activated complex than the incident reactants and 

he degradation process is nonspontaneous [50] . 4) Positive sign of 

H values, indicates the endothermic characteristic of decomposi- 

ion stages. 5) Positive sign of �G values, indicates the high free 

nergy of degraded moiety than that of initial compound, which 
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Table 5 

Interaction parameters within docking complexes towards selected DNA-proteins. 

Compounds Proteins ligand Receptor Interaction Distance( ̊A) E(Kcal/mol) S(energy score) 

1) H 2 L 6va5 O12 NH2 ARG 1490 (A) H-acceptor 2.98 −3.6 −5.5133 

1kzy O12 O12 

O12 

N SER 116 (A) N GLY 117 (A) NH1 

ARG 282 (A) 

H-acceptor H-acceptor 

H-acceptor 

3.07 3.34 3.01 −3.3 −1.4 −1.9 −5.5948 

2) Cu(II)- H 2 L 6va5 O12 N15 

C18 

OE2 GLU 1598 (A) O ARG 1595 (A) 

CB GLU 1598 (A) 

H-donor H-donor 

H-acceptor 

2.59 3.11 3.82 −12.0 −4.6 −0.9 −5.3695 

1kzy O11 O GLY 262 (B) H-donor 3.21 −0.9 −5.7821 

3) Ni(II)- H 2 L 6va5 O17 OE2 GLU 1543 (A) ionic 2.61 −7.6 −6.1810 

1kzy O81 N21 OG SER 96 (B) OG SER 96 (B) H-donor H-donor 3.15 3.27 −4.1 −1.5 −4.9872 

4) Ni(II)- Bis(HL) 6va5 N38 O83 

O83 

OE2 GLU 1567 (A) OE2 GLU 1567 

(A) OE1 GLU 1567 (A) 

H-donor H-donor ionic 3.18 2.68 3.27 −10.6 −7.3 −7.0 −6.5028 

1kzy O83 O83 OE2 GLU 258 (B) O GLY 262 (B) H-donor H-donor 2.74 2.75 −12.1 −8.3 −6.9501 

5) Co(II)- H 2 L 6va5 —- —- —- —- —- −5.6262 

1kzy O18 N22 OE2 GLU 258 (A) O GLY 262 (A) H-donor H-donor 2.78 3.06 −12.7 −2.9 −5.1828 

6)Co(II)- Bis(HL) 6va5 O83 O83 OE1 GLU 1567 (A) OE1 GLU 1567 

(A) 

H-donor ionic 2.56 2.56 −13.9 −8.2 −6.7757 

1kzy O83 O83 OD1 ASP 208 (B) OD1 ASP 208 (B) H-donor ionic 2.60 2.60 −17.9 −7.8 −7.037 
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ncreased successfully from step to another. Also, due to increasing 

 �S (-ve) from step to another which led to override �H values 

50] . 

.7. Conductometric measurements 

.7.1. Determination of complex stoichiometry 

Although this research was focused on the coordination features 

n solid complexes, but the complex formed in solution offers in- 

eresting data may help in discussing their solid state. Conducto- 

etric measurements were done over freshly prepared solutions 

rom Co(OAc) 2 ·4H 2 O and hydrazide ligand (H 2 L), to identify their 

inding behavior in solution state. Both of Co(II) ion and the lig- 

nd were mixed in DMF/methanol (5%) at 290.15 K, to estimate 

onstants of association (K A ) and formation (K f ) beside their Gibbs 

ree energy values ( �G A & �G f ). Both in absence and presence 

f H 2 L ligand, the values of specific conductance (K s ) were deter- 

ined with different Co(II) ion concentration. So and by using this 

quation; 
m 

= (K s -K solv ) K cell × 10 0 0/C, the molar conductance 

 
m 

) values were computed [51] . Where, K s and K solv are the so-

ution and solvent specific conductance, respectively, while, K cell is 

he cell constant ( = 0.99) and C is the Co(II) concentration (M, 

ol/L). At infinite dilution, the limiting molar conductance ( 
o ), 

as obtained for Co(II) ion free from ligand (zero concentration) 

Table 4S). A relation drawn between 
m 

and ligand /metal con- 

entration [L/M] (Fig. 10S), leads to extract molar ratio for complex 

ormed through intercept point between the two lines [51] . The 

ormed L: M ratio was 2:1, which surprisingly matches that formed 

n the solid state. 

.7.2. Determination of association and formation constants 

The association constant for the complex formed between 

o(II) and H 2 L ligand could being estimated from this equation; 

 A = 
0 
2 ( 
0 - 
m 

) / 4C m 

2 2 γ ± 
m 

3 S (Z) [52] . Where, C m 

, S (Z) and

±are the molar concentration of Co(II) ion, Fuoss-shedlovsky fac- 

or (strong electrolytes = 1) and activity co-efficient, respectively. 

oreover, Gibbs free energy of association ( �G A ) can be obtained 

rom the following relation; �G A = -RT ln K A , notice; R is the gas

onstant and T is the absolute temperature. Also, the formation 

onstant for the complex formed (K f ) was estimated from the fol- 

owing equation; K f = 
m 

- 
obs /( 
obs - 
ML )[L]. Where, 
obs and 

ML are the molar conductance of solution during titration and 

or the complex formed, respectively. In addition, Gibbs free en- 

rgy of formation ( �G f ) can be obtained by the following relation; 

G f = -RT lnK f. Thus, the constants either for association (K A , �G A )

r formation constants (K f and �G f ) were calculated and displayed 

 Table 4 ). The data suggested 1:2 molar ratio between Co(II) and 
11 
igand in 5% MDF/methanol solution. Such molar ratio agrees in- 

erestingly with that formed in solid state. This indicates its high 

tability without competition with other ratios expected with plen- 

iful presence for ligand. Gibbs free energy values calculated ap- 

eared lower which points to the spontaneity of complexation re- 

ction as usual. 

.8. Geometry optimization 

.8.1. Common properties 

Materials Studio package was applied through DMOL3 program 

nd DNP basis set [20] , to optimize structural forms of Schiff base 

igand and its Co(II), Ni(II) and Cu(II) complexes. The structural 

orm yielded for H 2 L ligand (Fig. 11S) showed Cis-orientation for 

(16), O(11) and O(13) centers, which enables them for coordina- 

ion with metal ions without twisting around the bonds or strain. 

lso, some bond angles in the ligand as C(8)-O(11)-H(12), C(8)- 

(9)-C(14), O(13)-C(14)-N(15), N(15)-N(16)-C(17), suffer changes af- 

er complexation. The structural forms of complexes displayed 

ond angles centered by metal atom up to 90 ° and 180 ° which 

ssigned to d 

2 sp 

3 or sp 

3 d 

2 hybridization in octahedral configura- 

ion. Also, the bond lengths of C(8)-O(11), O(11)-H(12), C(14)-O(13), 

(15)-H(30), N(15)-N(16) and C(17)-H(31) appeared elongated than 

hat in free ligand. This is a normal feature for each bond has an 

tom coordinating with central metal ion [53] . 

The HOMO and LUMO images (Fig. 12S) were demonstrated 

ver the optimized forms, to discriminate electronic distribution in 

unctional groups. The two orbitals appeared localized over naph- 

hohydrazide moiety in free ligand. The appearance of these or- 

itals not changed strongly after complexation, the feature in all 

omplexes are close to each other and their coverage is far from 

entral metal surrounding [54] . 

.8.2. Energy content of optimized forms 

Energy minimization strategy is based on running the program 

ill reach the most fitted stabilized configuration, in which the 

inimum energy content was obtained. Energy of, binding, forma- 

ion, spin polarization, kinetic, electrostatic, exchange - correlation 

nd the overall atomic, were computed beside the dipole moment 

nd E HOMO & E LUMO (Table 5S, Fig. 13S). High stability was re- 

arked with all complexes particularly [Cu(H 2 L)(OAc) 2 ] (3) and 

Ni(HL) 2 (H 2 O) 2 ] (6). This is based on reduced energy gaps (E LUMO -

 HOMO ) than that of free ligand as well as their lower energy con- 

ents. Consequently, the relationship between structure and activ- 

ty, could being estimated based on dipole moment and frontier 

nergy gaps ( � = E LUMO - E HOMO ). According to dipole moment 

alues, Ni(II)-Bis(HL), Co(II)-Bis(HL) and Cu(II)-Bis(H L) complexes, 
2 
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eveal the lower values which is a promising feature in biological 

ctivity, because of high lipophilicity [55] . While, the energy gap 

as a direct relation with the activation energy values that affects 

n the complex-activity during catalytic applicability. 

.8.3. MEP maps 

Molecular Electrostatic Potential maps (MEP) enable us to dif- 

erentiate electron density over the functional groups ( Fig. 5 ). 

lectrons-rich or electrons-poor zone could being discriminated 

ver the whole molecule, to design the favorable attack mecha- 

ism. Nucleophilic, electrophilic and neutral features were calori- 

etrically displayed by red, blue and green colors, respectively. It 

s easily to notice nucleophilicity of O(11), O(13) and N(16) centers 

n the free ligand. These atoms were the coordinating sites which 

ppeared by the same nucleophilic feature in all complexes but im- 

roved in Cu(II) and Ni(II) complexes due to M → L charge transfer 

54] . 

.9. Biological simulation studies 

.9.1. Pharmacophore profile 

To build interactive environment which leads to recognize vir- 

ual interaction for tested compounds with biological systems as 

ell as create pharmacophore quires to reach analogues drug, 

harmit link must be used. This docking approach was done ac- 

ording to type of ligand-based via grid-based, to indicate the in- 

eraction ability of each tested compound with 1kzy and 6va5 as 

DB proteins. The two proteins selected for this study belong DNA 

nd their assignments were exhibited in Scheme 1S. As we know, 

he controlling of DNA in pathogenic-cells, is a significant target 

or treatment due to the role of DNA in growth. 

Such in-silico way showed significant interactions with 6va5 

rotein ( Fig. 6 ) which exceeded than that with other protein (1kzy, 

ig. 14S). The complexes Ni(II)-Bis(HL) and Co(II)-Bis(HL) exhib- 

ted a very good occlusion in 6va5-grooves which yielded a perfect 

nteraction in between. This interaction was carried out by high 

umber of H-bonds as, H-donor (H-don = 5), H-acceptor (H-acc = 6), 

cidic (H-acid = 0) and basic (H-based = 1) with the two complexes. 

oreover and it is worthy to note that, pharmacophore query was 

un through MolPort drug library [55] to obtain drug-like that 

howed effective interaction with 6va5 and 1kzy proteins. The drug 

odel (No: MolPort-007–588–377) that showed activity towards 

va5 protein ( Scheme 3 ) nears to tested hydrazide, was obtained. 

ts Room-Mean-Square deviation (RMSD), which measures the av- 

rage distance between the atoms inside the ligand and protein 

eceptors, is very low (0.012) to a favorable extent. Also, the drug 

odel (No: MolPort-0 0 0–734–772) showed activity towards 1kzy 

rotein ( Scheme 3 ) nears to tested ligand, was obtained. Its Room- 

ean-Square deviation (RMSD) is relatively low (0.198) [56] . 

.9.2. Molecular docking approach 

Molecular operating environmental docking-module (MOE) was 

sed to simulate what happened inside pathogenic-cell after treat- 

ent by these new compounds, what is the interaction features 

owards DNA. This simulation technique is strongly recommended 

y drug designing industry, according to high credibility of result- 

ng data which throw a shadow on the preferable design for tar- 

eted drug. The activity of new compounds was tested versus to 

va5 and 1kzy proteins, to measure the extent of DNA- control- 

ing, as the first target of chemotherapy. Pharmacophore profile es- 

imated in the previous step, gave the probability for these com- 

ounds to be succeeded in controlling DNA-proteins and high anal- 

gist with known drugs. Whereas, this docking tool gives all inter- 

ction details between the tested compounds and target proteins, 

hich conducts to evaluate their potential drug behavior ( Table 5 , 
12 
igs. 7 , 15S-17S). The docking processes consumed variable times 

rom case to another till reach the most stable docking poses [57] . 

All interaction patterns obtained (Figs. 8, 15S-17S) are only for 

rue docking poses in which the lengths of H-bonding formed 

gree with defined limit ( ≤ 3.5 Å). Consequently, the Scoring val- 

es were the measurable limit for effectiveness of tested com- 

ounds towards the chosen proteins (6va5 & 1kzy). The compar- 

tive view for the data yielded from docking study, leads to the 

ollowing significances; 

1 The scoring energy values with all studied compounds were ap- 

peared moderate, except Co(II)-Bis(HL) and Ni(II)-Bis(HL) com- 

plexes with the two proteins, their values appeared high(from 

−6.5028 to −7.037). This predicts the biological effectiveness of 

the two complexes in controlling pathogenic cell-DNA. 

2 The ligitional sites were O11, 12, 17, 18, 81 & 83 and N15, 21, 

38 & 22 that interacted with protein pockets through allosteric 

H-donor or H-acceptor, mainly. 

3 The interacting receptors and dummies were the following 

amino acid residues; ARG1490, 1595, 282; SER116, 96; GLU117, 

1598, 1543, 1567, 262, 258 and ASP208. 

4 The polar receptors that appeared as a pink circle were inter- 

acting as backbone or side chain, while the nonpolar receptors 

(green circle) were completely absent from all interaction types 

(Figs 15S & 16S). 

5 The ligand exposure surface was appeared lower with most in- 

teracting compounds towards 6va5 protein. While, such surface 

was appeared broad in interaction patterns with 1kzy protein. 

This denotes the high degree of unsaturation for interacting 

sites which could make extra bonding with 1kzy receptors. This 

observation harmonized with the appearance of proximity con- 

tour (dotted line surrounds the compound) (Figs 15S & 16S). 

6 The inhibition superiority of Co(II)-Bis(HL) and Ni(II)-Bis(HL) 

complexes that strongly concluded, may refer to presence of 

Bis-ligand which offer doublet donor numbers which capable 

for extra binding with protein-pockets [58] . This behavior was 

predicated in previous part (3.8.2) from molecular modeling re- 

sults. 

7 The energy content appeared lower to preferable limit with the 

two reported complexes till −17.9 and −12.1 Kcal/mol, respec- 

tively ( Table 5 ) [58] . 

8 Broad electrostatic surface of docking proteins ( Figs. 7 & 17S), 

that observed with most complexes, indicates well penetration 

for such complexes inside DNA-grooves that obtained from he- 

lix deterioration during interaction. 

.10. Biological application 

.10.1. Antimicrobial activity 

Three microbial strains used in this investigation were Staphy- 

ococcus aureus ( G + ve), E. coli (G-ve) and Candida albicans (fungi). 

hey were commercially available from Microbiology laboratory of 

ational organization for drug control and research (NODCAR). This 

n-vitro assay was performed for all new compounds (Fig. 18S) to 

ssess their antimicrobial efficiency. Significant effectiveness was 

he general feature remarked with compounds 5, 6 and 3 . This 

s according to the measured inhibition diameter zones as well 

s the activity index. This feature matches by acceptable extent 

ith structural activity relationships reported, which indicates the 

ipophilicity of these compounds. Lipophilcity points to the ease of 

enetration in sebaceous membrane around the cell and then the 

irect attack with biological systems was happened [59] . Theoret- 

cally, we did not expect activity for compound 3 due to its high 

ipole moment value (11.526 Debye). But the in-vitro results indi- 

ate its high activity, this may be due to any unknown mechanism 

appened inside the cell and stimulate its activity [60] . 
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Fig. 7. Molecular surfaces for docking patterns obtained between synthesizes and 6va5 protein. 

Scheme 2. The decomposition path in 3rd in TGA curve of the complex. 
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.10.2. Antioxidant and cytotoxicity of new compounds 

The antioxidant property of all compounds was examined 

y ABTS assay [61] , to evaluate the magnitude of success in 

vercoming free radicals that initiates cancer cell - proliferation. 

xcellent antioxidant activity index (83.4%) was recorded with 

Ni(HL) 2 (H 2 O) 2 ] ( 6 ) complex which closer to the reference drug it-

elf (ascorbic-acid) (Table 6S). This property of compound 6 may 

efer to its surprisingly lower dipole moment or polarity that con- 

luded from computational study. Such pushed the compound to 

cquire electrons from surrounding and capable for trapping free 

adicals. Whereas, the free ligand exhibited mild antioxidant activ- 

ty (57.23%), while the activity of other compounds seems ignored. 

Cytotoxic property of the ligand and its complexes was ex- 

mined against Hepatocellular carcinoma cell line (HepG2). This 

creening was compared with 5-fluorouracil (5-FU) as a positive 
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Scheme 3. drug-like conformers for H 2 L ligand with 6va5 (A) and 1kzy (B) proteins. 

Table 6 

Cytotoxicity (IC50) of H 2 L and 

its metal complexes on HepG2 

cell line. 

Compound IC50(μg/ml) 

5FU 2.6 

1 3.6 

2 7.9 

3 7.4 

4 10.2 

5 9.3 

6 8.7 

7 2.9 
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ontrol (reference) to obtain a broad view about their inhibition 

eatures [61] . IC 50 values were evaluated and tabulated ( Table 6 ). 

he values reflect the superiority of compound 7 (2.9 μg/ml) in its 

ntitumor behavior which compatible with that of standard drug 

2.6 μg/ml). While, the free ligand takes the second order in its in- 

ibition activity by IC 50 value = 3.6 μg/ml [62] . Consequently, the 

wo compounds may have distinguished future in fighting this dis- 

ase. 

Finally it easily to remark that, the chemical features and activ- 

ty of complexes are changed strongly by changing the conjugated 

nions in metal salts used to form complexes, even with the same 

igand. 

. Conclusion 

New hydrazide complexes were prepared by green strategy 

rom CuSO 4 , Cu(OAc) 2 , NiCl 2 ·6H 2 O, Ni(OAc) 2 ·4H 2 O, CoCl 2 ·6H 2 O and

o(OAc) 2 ·4H 2 O salts, to assert on the changes in their characteris- 

ics according to different anions. The ligand behaved as a neu- 

ral or monobasic through bidentate or tridentate binding mode 

owards the metal ions within different molar ratios (1: 1 or 1:2, 

:L). This suggestion was confirmed from analytical and spectro- 

copic studies that implemented for characterization. Conducto- 

etric measurements were used to calculate the association and 

ormation constants for Co(II)-ligand complex which formed by 1:2 

olar ration. Material studio package was used to optimize the 

tructural forms and then confirms the mode of bonding through 

he changes observed in bond lengths and angles. Drug-likeness 

pproach was applied to discover pharmacophore profile within 

olPort drug-library. Two drugs were discovered as analogues 

or the tested compounds in the activity towards DNA proteins 

6va5 and 1kzy). This outcomes were confirmed and elaborated by 

ther in-silico way as MOE-docking. The data point to Co(II)-Bis(HL) 

nd Ni(II)-Bis(HL) complexes as the most favorable inhibitors that 

ould control DNA of pathogenic cells. Finally, antimicrobial, an- 

ioxidant and antitumor activity were tested for all compounds 
14 
nd Ni(II)-Bis(HL) complex showed excellent antioxidant property, 

hile Co(II)-Bis(HL) complex showed superior cytotoxicity towards 

iver cancer cells. Finally, the whole characteristics of complexes 

ere changed by changing conjugated anions, even with the same 

igand. 
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