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Synthesis of new N'- cyclohexylidene-3-hydroxy-2-naphthohydrazide (H,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,~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
Keywords: acetate salts, while a neutral with metal chloride or sulfate salts. Such coordination modes were ap-
Green synthesis peared through bidentate or tridentate towards central metals within different molar ratios (1: 1 or 1:2,
Dft M:L). Conductometric study was performed for Co(ll) complex to estimate the complex stoichiometry
Conductometry and either formation or association constants, in solution state. DMOL3 program was used via DFT/B3LYP
Biological activity method to optimize the studied compounds and to obtain essential quantum parameters. Consequently,
E};:gfgiiﬁﬁgems 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 -000-734-772 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.

bivalent metal ion complexes were prepared by a green strategy
from 4-aminoantipyrine- based ligand and exhibited effective bind-

1. Introduction

Recently, a class of azomethine-based ligands was gained a
wide interest due to its chelating ability via multiple coordination
modes with transition metal ions as well as their distinguish ap-
plications [1]. Also, all hydrazide-based ligands could being effec-
tively synthesized by so simple condensation reaction [2]. Different
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ing with calf-thymus DNA [3]. A series of Cu(ll)-hydrazide com-
plexes were prepared and exhibited a significant intrinsic binding
with DNA and anti-inflammatory activity [4]. Macrocyclic Ni(Il) and
Co(Il) complexes were prepared and effectively used as a catalyst
for CO, reduction [5]. The ligand prepared from propanehydrazide
and was used to synthesize bivalent metal ion complexes by green
way and most of complexes exhibited biological activity [6]. Sali-
cyladehyde derivative was used to prepare Schiff base ligand and
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3-hydroxy2-naphthohydrazide
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Ni(II), Co(Il) & Cu(Il) complexes of theN'-cyclohexylidene-3-hydroxy-2-
naphthohydrazidewere synthesized by ball milling as a green approach
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Scheme 1. The suggested products for performed reactions concerning ligand preparation and its metal complexes.

after characterization its was used to isolate Cu(Il) and Ni(Il) com-
plexes [7]. Green synthesis of 4- and 6-coordination number from
Pd(II), Ni(Il) and Cu(Il)-Schiff base complexes, was executed. An-
timicrobial, antioxidant or antitumor activity was investigated for
all synthesizes and most of them exhibited promising results [8].
Polymeric metal ion complex was investigated as a catalyst to-
wards the decomposition of H,0, [9]. Cu(Il), Ni(Il) and Co(II)-Schiff
base complexes were prepared and characterized, then used as
a catalyst for cyclohexane-oxidation by using hydrogen peroxide

[10]. New Co(lII), Ni(Il) and Cu(Il)-hydrazide complexes were pre-
pared and exhibited antitumor activity [11]. In addition, Zn(Il) and
Cd(Il) complexes were synthesized from new Schiff base deriva-
tive and intensive theoretical studies were executed [12]. It is wor-
thy to mention that, the chemical synthesis caused many envi-
ronmental problems in which the researchers tried to make their
synthesis without hazardous. Consequently, the preparation in ab-
sence of solvent as a green protocol, is the aim already applied
in many publications by using Ball-milling technique [[3], [6]]. A
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Fig. 2. Mass spectrum of H,L.

perfect grinding for reactants (metal salt & ligand) by Ball-milling
without solvent, leads to facile complexation that noticed firstly
by changing the color away from initial compounds. The purity
of complexes was evaluated by TLC after washing solid complexes
many times by a suitable solvent [[8], [12], [13]]. Proceeding from
all mentioned studies and in continuation for our work [13-19],
we planned to synthesize new hydrazide derivative. Then and after
characterizing the ligand, it was used to synthesize new complexes
from CuSOyq, CU(OAC)z, NiC12-6H20, Ni(OAC)2°4H20, COC12°6H20
and Co(OAc),*4H,0 salts. The preparation of complexes was car-
ried out in absence of solvent as a green approach. This variation
in conjugated anions (Cl~-, SO,~2 &0Ac~), aims to differentiate the
binding modes as well as the whole properties, accordingly. All
complexes were investigated by available analytical, spectral and

theoretical techniques. Conductometric study was executed in so-
lution for selected complex. To predicate drug-like property as well
as the inhibition activity of new compounds, pharmacokinetics and
MOE-docking simulation, were performed, respectively. Finally, var-
ious in-vitro assays were executed for comparative evaluation and
rank their activity.

2. Experimental steps
2.1. Reagents used for synthesis steps
3-Hydroxy-2-naphthoic acid hydrazide and cyclohexanone were

obtained from Sigma & Aldrich as BDH and used to prepare
hydrazide ligand. CuSO4, Cu(OAc),, NiCl,-6H,0, Ni(OAc),-4H,O0,
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Table 1
Important IR-spectral bands in H,L and its metal complexes.
Compound; symbole v(OH) naphthoic U(NH) v(C=0) v(C =N) v(C = N*) v(C-0) naphthoic v(C-0) enolic  v(M-0) v(M-N)
1)H, 3274 3142 1644 1624 - 1271 - - -
2)[Cu H,L)2(S04)];Cu(Il)- Bis(H,L) 3432 3266 1636 1607 - 1272 - 532 423
3)[Cu(H,L)(OAc), ];Cu(Il)-H,L 3560 3270 1633 1606 - 1272 - 518 420
4)[Ni(H,L)Cl,(H,0)].H,0; Ni(Il)-HoL 3245 3150 1634 1608 - 1273 - 530 420
5)[C0(H2L)C12(HZO)] Co(IT)-H,L 3243 3149 1638 1606 - 1273 - 525 410
6)[Ni(H (HZO)Z]; Ni(II)-Bis(HL) 3426 - - 1596 1639 1244 1168 523 420
7)[Co(HL)(H20),]; Co(II)-Bis(HL) 3427 - - 1593 1636 1242 1157 522 410
Table 2
Magnetic moments, electronic transitions and ligand field parameters.
Compound Her, (BM.)  Band position (cm~')  Dq (cm~') B (cm™') B vy Uy
[Ni(H,L)CI;(H,0)].H,0  2.98 15,106; 25,641 937 852 0.88 1.63
[Ni(HL) 2(H2 )21 3.23 16,667; 26,666 1066 761 073 1.75
[Co(H2L)Cly(H,0)] 5.12 14,550; 18,316 793 835 0.86 2.15
[Co(HL);(H20),] 491 14,814; 17,391 767 767 079 215
[Cu(H2L)2(S04)] 1.97 17,391 - - - -
[Cu(H,L) OAc)z] 2.01 16,000 - - - -

CoCl,-6H,0 and Co(OAc),-4H,0 were the salts used to prepare se-
ries of complexes. Glacial acetic acid, ethanol, DMSO (Dimethyl sul-
foxide) and DMF (Dimethylformamide) were extra-pure and used
without preliminary treatments. These former chemicals were pur-
chased from Merck.

2.2. Synthesis stage

2.2.1. Synthesis of hydrazide ligand

Firstly the ligand was prepared from reaction of 3-hydroxy-2-
naphthoic acid hydrazide (0.01 mol; 3.06 g) and cyclohexanone
(0.01 mol; 1.04 g), in 20 ml glacial acetic acid. This mixture
was refluxed and stirred for 3 h to complete aimed condensa-
tion reaction. The solid precipitate was filtered off then recrys-
tallized by using ethanol and dried over CaCl, in vacuum desic-
cators (Scheme 1). Yellow crystals obtained, M.P. 235 °C; Analyti-
cal data (Cy7H1g0,N5), C (%): 72.12 (Calcd.72.33), H(%): 6.48 (Calcd.
6.39). IR (KBr-disk) (Fig. 1S); 1644, 1624, 3142 and 1271 cm~! for
v(C = 0), v(C = N), v(NH) and v(C-0)paphthoic, respectively. Also,
TH NMR spectrum (DMSO-dg, Fig. 2S) of the ligand exhibited the
following signals; § (ppm): 1.52-1.57 (m, 6H, -CH,CH,CH,- of cy-
clohexanone); 2.37-2.43 (m, 4H, 2 -CH,- ortho-position for C = N
in cyclohexanone); 7.32-7.95 (m, 5H, Ar-H); 8.57 (s, 1H, Ar-H);
11.27 (s, 1H, NH), 11.58 (s, 1H, OH). 3C NMR spectral data were
typed on the graph (Fig. 1) for simplicity. Mass spectrum (Fig. 2);
m/z (ppm) = 283.29 (5.22%) assigns to [M*+1] for C;;H30,N,
(M.W. = 282.34). These analyses confirm the formula suggested for
the ligand which abbreviated by H,L in this article based on pres-
ence of two labile hydrogen atoms in OH and NH-C = O groups,
which may be ionized.

2.2.2. Synthesis of complexes

Equi-molar amounts from the ligand (2 mmol, 0.565 g) and
each metal salt as follow; CuSO4 (0.319 g), Cu(OAc), (0.245 g),
NiCl,-6H,0 (0.475 g), Ni(OAc),-4H,0 (0.498 ¢g), CoCl,-6H,0
(0.476 g) and Co(OAc),-4H,0 (0.498 g) were mixed in Ball-milling
and grinded till complete complexation. The purity of products was
tested by TLC after washing many times by EtOH. This test was
carried out after dissolving the ligand in EtOH and each complex
in DMSO solvent. A spot was taken from each solution and put in
a thin layer chromatography plate. Then the plate was put in the
mobile phase (petroleum ether: ethyl acetate, 3:1). The complex
spot migrated over the plate by different retention factor (RF) than
the ligand, which indicates its purity. Such facile synthesis step

was applied to produce the aimed complexes which then analyzed
to know their chemical formulae.

Analytical data; Found (Calcd.)

Green solid complex (M. P. 280 °C); [Cu(H,L),(SO4)]
(CuC34H360gN,4S, MW.= 724.28); C(%) 56.52 (56.38); H(%) 5.09
(5.01); Cu(%) 8.84 (8.77); SO4 (%) 13.30 (13.26). Green solid
complex (M. P. 284 °C); [CU(HzL)(OAC)zl (CUC22H2706N2, MW.=
479.01); C(%) 54.52 (55.16); H(%) 5.06 (5.68); Cu(%) 13.78(13.27).
Green solid complex (M. P>300 °C); [Ni(H,L)Cl,(H,0)].H,0
(NiCy7H204 NyClp MW.=447.97); C(%) 46.19 (45.58); H(%) 5.04
(4.95); Ni(%) 13.21 (13.11); CI(%) 16.00 (15.83). Green solid complex
(M. P. >300 °C); [Ni(HL);(H20),] (NiC34H3506N4 M.W.= 657.38);
C(%) 62.05(62.12); H(%) 5.72(5.83); Ni(%) 8.91(8.93). Brown solid
complex (M. P>300 OC); [CO(HzL)Clz(Hzo)] (COC]7H2003N2C12,
MW.= 430.20); C(%) 47.59(47.46); H(%) 4.53(4.69); Co(%)
13.64(13.70); Cl(%) 16.40(16.48). Brawn solid complex (M. P.
>300 °C); [Co(HL),(H,0),] (CoC34H350gN,4, M-W.= 657.62); C(%)
62.75(62.09); H(%) 5.94(5.82); Co(%) 8.96(8.96)

2.3. Analytical techniques

The complexes were synthesized using ball milling. A con-
tainer filled with 10 cm3 stainless steel, double-walled tube, and
two stainless steel balls make up the Retsch MM2000 swing mill
(12 mm diameter and 7 g weight). At room temperature, ball-
milling was performed at 20,225 Hz, 100 Hz, for 1/2 hour. Perkin-
Elmer 2400 CHN Elemental Analyzer was used to extract the per-
centages of elements (carbon, hydrogen, and nitrogen). Also, com-
plexometric titration and gravimetric analysis were used to de-
termine the metal content and conjugated anion (Cl~ or SO4~2)
[14]. JENWAY model 4070 Conductance Bridge was used to record
conductance measurements (in DMSO). The IR and NMR spectra
were obtained from JASCO FT-IR-4100 spectrophotometer (400-
4000cm~!) and Burker (500 MHz). Unicam spectrophotometer was
used to scan the dissolved samples (in DMSO) to obtain UV-
Vis spectra, while the balance of Johnson Matthey was used to
determine magnetic susceptibility. The mass spectral analysis was
performed at 70 eV using an AEIMS 30 mass spectrometer with
a heating rate of 40 °C/min and a mass/charge scanning range
of 50-1000. At 25 °C, EPR spectra were obtained using Jeol JES-
RE1X spectrometer (9.435 GHz) and DPPH as a reference. Shi-
madzu Thermogravimetric Analyzer was used to derive TGA/DTG
curves (20-900 °C). Under nitrogen, the heating rate was 10 °C
min~!. On an X-ray diffractometer (GNR, APD2000PRO, Italy) with
a graphite monochromator, XRD patterns (10°<26 <90° rang) were
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ESR Data of the Copper (II) Complexes at Room Temperature.

Complex g g Ay *(em™!) G gl Ay a? B? Symm.
[Cu(HaL)(S04)] 225 207 159 35 141 075 086 O,
[Cu(HL)(OAC),] 221 206 162 63 136 072 063 O

A” * = A” x 1074,

34.02nm

B 33.49nm

100 nm

(A)

(B)

Fig. 3. TEM of (A) [Cu(H,L)(OAc),] and (B) [Cu(H;L);(SO4)] complexes.

obtained. Using Cu/Ka1 radiation, the scanning rate is 0.03° min—.
Joel JSM-6390 equipment was used to view SEM images. X-Ray En-
ergy Dispersive Spectroscopy

2.4. Preparations for conductometry

The ligand (H,L) solution (10~3 M) was prepared by dissolv-
ing 0.0282 g in 5% DMF/MeOH mixture. Also, Cu(OAc), solution
(104 M), was prepared by dissolving 0.0245 g in the same mix-
ture, 5% DMF/MeOH. Titrate 20 mL from Co(II) solution with ligand
solution (in burette). Sequentially, after adding each 0.2 mL ligand,
measure the conductivity value by using HANNA, H1 8819 N type
(cell constant = 1) (at 25 °C). Notice; the conductometer was at-
tached with digital thermometer and ultra-thermostat (Kottermann
4130).

2.5. Molecular modeling

Materials Studio package was applied through DMOL3 pro-
gram [20], to optimize all structural forms and estimate the quan-
tum parameters. Schiff base ligand and its complexes were struc-
turally configured by using DFT through exchange-correlation func-
tional method of Becke3-Lee-Yang-Parr (B3LYP) [21]. DNP ba-
sis set [22] of GGA in PBEPBE functionals [23]| as exchange-
correlation function, was the suitable one for energy minimization
that proceeded for optimization. Furthermore, the maps of electro-
static potential were performed over optimized structures by using
B3LYP/6-31 G (d) level.

2.6. Biological simulation studies

2.6.1. Pharmacophore

The interaction models were obtained for most new com-
pounds with two functional DNA-proteins (6va5 & 1kzy)(Scheme
1S). These proteins were PDB co-crystal forms which treated with

each compound after uploading on Pharmit link (http://pharmit.
csh.edu) [24]. Each interaction profile was achieved according to
ligand-based type and also the binding types such as, H-bond ac-
ceptor (H-acc), H-bond donor (H-don), basic (H-bas) and acidic (H-
acid), were counted. After that we started running for search in
MolPort drug-library which updated at 2020-oct-14, 21:12:10 and
includes 110,309,969 conformers for 7666,850 molecules [25]. This
Pharmacophore search aims to extract analogues drugs which al-
ready certified to confirm therapeutic feature of tested compound.

2.6.2. Molecular docking

Molecular Operating Environmental module (MOE, ver. 2018)
[26], is the program certified from drug industry which caused
a revolution in the field of drug designing. This docking process
simulates the behavior inside infected cell and put a respectable
answers for many questions. What happened inside the cell af-
ter treatment using the suggest drug what is the interaction fea-
tures with amino acids base-pairs, all of these question could be
answered. Two selected DNA-proteins (6va5 & 1kzy) in their co-
crystal forms were obtained from Protein Database [27] for dock-
ing purpose with new compounds. Such in-silico assay could being
started after doing several steps to orient both docking sides as the
suggested inhibitor (compound) and targeted protein. Inhibitor un-
der test must face energy minimization, render for atomic charges
and identifying potential energy value. Then open new database
and save the oriented structure as MDB format to be ready for
docking.

On the other hand, each protein must also being oriented
through many steps to be suitable for docking. Firstly remove the
water molecules attached with co-crystal, then put H-atoms over
selected receptors and dummies in agreement to MMFF-force field
[27]. Connect receptors, fix potential energy and then search for al-
losteric binding sites over protein helix and clarified the dummies.
Therefore, select MDB file and start the docking process which cov-
ers trials over 30 poses to reach the most stable one. These poses
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were controlled by London dG-scoring function which advanced
twice times by triangle-matcher [28]. Some of these poses are
completely unacceptable due to they yielded from un-preferable
clash between the compound and protein pockets. Each docking
process produced interaction parameters, docking patterns and in-
teraction molecular surfaces which they used to order the inhi-
bition efficiency of tested compounds. This according to H-bond
length which must agree with Van der Waals radii (< 3.5 A) as
well as the docking score values which estimated from this rela-
tion; docking Score (force fields)= - ((receptor interaction energy /
ligand) + ligand internal energy) [28].

2.7. Biological screening

2.7.1. Antimicrobial investigation

Agar well diffusion technique was applied in-vitro screening
that detailed in the supplementary file (Scheme 2S) [29]. Inhibi-
tion behavior of all synthesizes was examined towards Staphylococ-
cus aureus (G+ve), Escherichia coli (G-ve) and Candida albicans (fun-
gus). 100 pg/mL were the stock solution concentration that pre-

w“MW'LJJ l\wﬂwbmj \\\.,,«.»A«AWU\J\N“’“W) ’\wwj (WASTI
10 40 5

(A)

(B)

Fig. 4. XRD of (A) [Cu(H,L)(OAc);] and (B) [Cu(H,L),(S04)] complexes.

pared from each tested compound in DMSO solvent. Finally, after
implementing the steps presented (Scheme 2S), inhibition zones
were measured. Inhibition activity index (%) was estimated accord-
ing to reference drug (antibiotic ampicillin or antifungal Colitrima-
zole) by using this equation;%= (diameter of inhibition zone under
influence of tested compound |/ diameter of inhibition zone under
influence of standard) x 100

2.7.2. Anti-oxidant and antitumor activity

ABTS-assay was applied to test antioxidant efficiency of all
new compounds which typed briefly in Scheme 3S [30]. The
reagent used [2, 2-azinobis-(3-ethylbenzthiazoline- 6-sulphonic
acid), ABTS] in this study and the reference drug (L-ascorbic
acid) were purchased from Sigma & Aldrich. The mixtures pre-
pared must be shaken carefully, centrifuged and finally filtrated
off. The resulting greenish-blue color intensity of ABTS-radical
was measured (Acontrol) at A=734 nm. Then the absorbance (Atest)
was monitored after addition of 2 mM from the tested com-
pound (50uL) which prepared in spectroscopic grade solvent,
MeOH/buffer (1:1; v/v). The decay of color intensity is a measur-
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Formation constants and Gibbs free energies of formation for 2:1

DMF/Methanol at 290.15 K.
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(M/L) Co(Il)-(H,L) complex in

Nobs (em*>.0hm=")  [L] (Mobs=/'w) [L]

(Iw-Nobs) K Gt AG¢ (k J/mol)

92.44 5.70E-05 2.559E-05

93.20 6.55E-05 7.962E-05

93.75 7.44E-05 0.000130669
94.83 9.11E-05 0.000258183
95.24 9.92E-05 0.000322866
96.17 0.000139  0.000577112
96.92 0.000176  0.000857531
96.93 0.000189  0.000924489

4.970 194,178  -29,779  -29.779
4.208 52,790 —26,594  -26.594
3.658 27,980 —25,041 —25.041
2.580 9993 —22,523 —22.523
2.163 6697 —21,544 21544
1.237 2142 —18,756  —18.756
0.480 559 —15,470  -15.470
0.478 515 —15,268  —-15.270

\wy = 974 cm?.0hm™!, /\yy = 91.98 cm?.0hm~'.

able for scavenging activity for free radicals and the activity index
could be determined by this relation; [Aqcontrot)~ Agtest)/Acontrol)] X
100. Notice; ascorbic acid (vitamin c) was the positive control and
the blank solution was methanol/phosphate buffer (1:1) without
ABTS and tested compound.

The antitumor screening was performed for all compounds ver-
sus liver carcinoma cell line (HepG2) according to MTT method
[31] as schematically displayed in the supplementary file (Scheme
4S). The reagents used as well as the tumor cell line were avail-
able from holding company for biological reagents and vaccines
(VACSERA). For comparison, 5-fluorouracil was the positive con-
trol used and cell-viability percentage was estimated from this re-
lation; (As7q of tested samples/As;o of untreated sample) x 100).

3. Results and discussion
3.1. General properties

Co(Il), Ni(Il) and Cu(Il)-hydrazide complexes were prepared
from variable anionic salts (CI-, SO;~2 & OAc~), to examine the
impact of conjugated anion on the ligand coordination mode
as well as the whole features. The analytical and spectral data
verified variations in mode of coordination within the com-
plexes, which also appeared by two different stoichiometry as 1:1
and 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
Oohm~!cm?mol~! range, which agree with non-electrolytic prop-
erty [32]. This property may refer to the preferable coordination
ability of SO4,~2 & OAc~ anions. While, the complexes prepared
from chloride salts exhibited covalent and ionic presence of chlo-
ride ion, due to the high similarity between the two features (ionic
& covalence) for this anion.

3.2. Mode of coordination

IR- spectral analysis was carried out for the free ligand and
its complexes (Fig. 1S) to remark the changes on significant vi-
brational bands after complexation. Table 1 summarizes important
vibrations for functional groups, to extract the mode of bonding
within Co(Il), Ni(Il) and Cu(Il) complexes. v(C = 0), v(C = N),
v(NH) and v(C-0),aphthoic Vibrations were appeared at 1644, 1624,
3142 and 1271 cm!, respectively [33] in H,L ligand spectrum. The
shifts observed for these bands suggest either neutral or monoba-
sic feature with bidentate or tridentate binding mode. While, the
coordination number was elevated due to contribution of auxiliary
ligands (secondary) as water or anion molecules.

In [Cu(H,L),(S04)] and [Cu(H,L)(OAc),] complexes spectra, HoL
binds as a neutral bidentate ligand via carbonyl oxygen and azome-
thine nitrogen. This is due to lower shift of v(C = 0) and v(C = N)
vibrations in their spectra. Vibrational band of v(NH) kept more
or less un-shifted due to its ruling out from coordination. While,

non-coordinating OH group pushed shift in U(OH)paphenoic band to
higher wavenumber [34]. Acetate or sulfate group revealed two
bands at 1539, 1420 and 1444, 1250 cm~! which can be assigned
to asymmetric and symmetric vibrations, respectively. The gap be-
tween vas(0Ac) and vs(OAc) (A = 95 cm™!) indicates the biden-
tate nature of the group.

A neutral tridentate binding mode of H,L ligand was suggested
in [Ni(H,L)Cl,(H,0)].H,0 and [Co(H,L)Cl,(H,0)] complexes, ac-
cording to noticeable shifts in definite spectral bands. Azomethine
nitrogen, carbonyl oxygen and (OH);aphhoic Were the coordinating
centers with the two metal ions. This is based on lower shifted ap-
pearance of their vibrational bands. IR spectra of [Ni(HL),(H,0),]
and [Co(HL),;(H;0),] complexes, point to presence of mononega-
tive bidentate ligand. The ligand coordinates via azomethine nitro-
gen and enolized carbonyl oxygen (=C-0~) after ionization. This
suggestion is based on disappearance of both v(C = 0) and v(NH)
vibrations with instantaneous appearance of v(C = N*) and v(C-0)
vibrations [35] beside the lower shift of v(C = N) band.

Generally, the spectra of all complexes showed new bands at
lower wavenumber region which attributed to v(M-0) and v(M-N)
vibrations. Also, chelation yields five membered rings with central
metal atom and the coordination number was generally elevated
by secondary ligands (anion or H,0) till six. p(H,0) and pw(H,0)
vibrations were observed in the spectra of Co(Il) and Ni(Il) com-
plexes, at 860-871 and 761-783 cm~! region, respectively.

3.3. Electronic transitions and magnetic moments

UV-Vis spectroscopy is considered the most significant tech-
nique used to monitor electronic transitions inside chemical com-
pounds particularly transition metal ion complexes. This specifica-
tion is referring to the changes happened in d-orbitals under influ-
ence of ligand filed (Table 2). Such changes offer interesting tran-
sitions parallel to geometry of complexes and electronic configura-
tion of central metal [36]. UV-Vis spectra of [Co(H,L)Cl,(H,0)] and
[Co(HL),(H,0),] complexes (Fig. 3S) showed two bands at 14,550,
14,814 and 17,391, 18,316 cm~! respectively, which correspond re-
spectively to 4Tyy — 4Ay,(F) and 4T1g—4T14(P) transitions, in oc-
tahedral arrangement [37]. The ligand field splitting energy (Dg),
Racah parameters (B) and nephelauetic ratio (8) were estimated
(Table 2) and matched with that reported for octahedral Co(Il)
complexes [37]. The first transition which is always out of scan-
ning range, was also calculated (v;; 6767 &6815 cm~!) [36]. Fur-
thermore, their magnetic moment values (5.12 & 4.91 B.M.) add
another evidence for high-spin octahedral geometry.

UV-Vis spectra of [Ni(H,L)Cl,(H,0)].H,O and [Ni(HL),(H,0),]
complexes showed two bands at 15,106, 16,667 and 25,641, 26,666
cm~! regions assignable to 3Ay;—3T;4(F) and 3A;;—3Ty4(P) tran-
sitions, respectively. Their ligand field parameters (Dq, B & ) were
calculated and found within the normal range of octahedral cen-
tered by Ni(Il) ion [14]. The value of v; (9267 &10,615 cm™!, re-
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Fig. 5. MEP of (A)H,L, (B)[Cu(H,L);(S04)], (C)[Cu(H2L)(OAC) ] (D)[Ni(H2L)Cl2(H,0)].H0, (E)[Co(H,L)Cl, (H20)), (F) [Ni(HL)2(H;0);] and (G) [Co(HL);(H20);].

spectively) was also calculate. The magnetic moment values were
2.98 and 3.23 BM, respectively, for outer orbital octahedral ar-
rangement. As known, no significant information could be esti-
mated from either the magnetic moment or the electronic transi-
tions in Cu(Il) complexes, to discriminate its structural forms. UV-
Vis spectra of [Cu(H,L),(SO4)] and [Cu(H,L)(OAc),] complexes (Fig.
3S) showed characteristic bands at 17,391 and 16,000 cm~! as-
signed to 2Ey — 2T,g transition, in octahedral configuration which
must be distorted according to Jahn-Teller effect [38].

3.4. ESR-spectra

Electron Spin Resonance analysis is an essential tool for param-
agnetic compounds and was executed for the two Cu(Il) complexes,
to estimate Hamiltonian factors (g & f) [39] and to confirm their
octahedral configuration (Fig. 4S). Hyperfine splitting (S = 1/2,
I = 3/2) that depends on resolving microstates in Dy, symmetry
(my = 3/2, 1/2, —3/2 &-1/2), was fairly noticed in the two spectra.
Consequently, field vector (g) can be calculated while anisotropic
parameters couldn’t estimate except the parallel one (A;), due to
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smooth feature of hyperfine (Table 3). Hamiltonian parameters cal-
culated (Table 3) agree perfectly with that reported for octahedral
configuration with 2A;g (dx2-y2) ground term. Due to complex for-
mation, g-vectors (g,>g,>2.0023) were shifted from that of free
electron (2.0023) according to spin-orbital coupling (A=—828). The
interaction factor (G) was estimated to evaluate the degree of in-
teraction between centers in adjacent particles and obtained from
this relation; G = (g;,—2.0023)/(g. —2.0023).

With respect to [Cu(H,L),(SO4)] complex, the value of G = 3.5,
closes to normal value (4) which reflects insignificant interaction
between copper centers in neighboring particles. While, the sec-
ond complex the value of G = 6.3, reflects the absence of any
interaction between copper centers [40]. Furthermore, tetrahedral
distortion index (f = gy/A;) was calculated according to parallel
anisotropic parameter (A x10~4). The two values were higher than
135 which coincide with octahedral geometry values. Moreover,
the in-plane bonding factors as o-bonding («2) and m-bonding
(?), were also estimated from these relations; a?=(A;;/0.036)+(g,
—2.0023)+ 3/7(gL - 2.0023)40.04 and B2 = (g —2.0023)E/(-8A
a?) [41]. The two values were appeared close to unity, which indi-
cates the ionic property of new M-L bonds.

3.5. SEM, TEM and XRD analyses

To investigate topography of surface for two selected complexes
(i. e., Fig. 5S), SEM technique photographs the powdered samples,
to identify morphology, particle shape, crystallinity and chemical
composition [42]. Energetically stimulated electrons were acceler-
ated to interact solid surfaces and then generate various signals to
pick up the targeted 2-D images (Fig. 5S). The micrographs dis-
played the particles with irregular broken ice rock-like which ac-
companied with fine micrometer-sized grains that randomly dis-
tributed over such ice rock structures [42].

TEM technique was implemented by using beam of electrons to
penetrate solid specimens of [Cu(H,L),(SO4)] and [Cu(H,L)(OAc),]
complexes (Fig. 3). This enables to capture fine-details in solid
samples as the high homogeneity of [Cu(H,CHNH),(SO4)] complex
surface with particulate sizes of 30 - 40 nm range. While, the sur-
face of second complex appeared with high aggregation for tiny
particles till reach to size range from 60 to 90 nm [42].

XRD patterns of [Cu(H,L)(OAc);] and [Cu(H,L),(SO4)] com-
plexes (i.e.) were obtained to estimate the features of lattice dy-
namic (Fig. 4). This was carried out by using FWHM method
[43] due to nano-crystallinity nature appeared in patterns. Re-
garding the pattern of [Cu(H,L),(SO4)] complex, 26, p-spacing (A),
FWHM (8) and intensity (I) were calculated [44] to be 21.94°,
4.048, 0.23 and 530, respectively. In addition, the particulate size S
(nm) is found to be 64.14 nm. While and regarding [Cu(H,L)(OAc),]
complex pattern, 26, p-spacing (A), FWHM (8) and intensity (I)
were calculated [45] to be 21.95, 2.493, 0.222 and 311, respectively.
In addition, the particulate size S (nm) is found to be 66.45 nm.

Unit-cell for crystal packing system of the two Cu(Il) complexes,
was demonstrated by using VESTA package [46] (Fig. 6S) to recog-
nize the type of atomic arrangement inside the lattice. The style
of simple repeated unit for the two complexes seems to be face-
centered cubic unit. This is based on presence of lattice point
(metal) in corners of cubic-cell as well as other centered in each
face. This property was appeared perfect with [Cu(H,L)(OAc),]
unit-cell, while the other complex appeared with indefinite pack-
ing system.

3.6. Thermogravimetric analysis

TGA curve of [Ni(H,L)Cl;(H,0)].H,0 complex was obtained (Fig.
7S), to confirm presence of coordinating and hydrating water
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molecules. The plausible degradation behavior was detailed in Ta-
ble 1S. The first step exhibited removal of hydrated water molecule
below 100 °C by 4.1% weight loss. While the coordinating one
was removed in the second step beside Cl, molecule at 234-347°C
range by19.8% weight loss. The reaming part of coordinating lig-
and was degraded upon other two successive steps till 532 °C, the
behavior in third step was schematically presented (Scheme 2). In
which, the residual part was recorded and the weight percentage
(16.6%) closes to NiO formula.

3.6.1. Thermo-kinetic parameters

As known, the thermogravimetric analysis stages are kinetically
controlled and we could estimate kinetic and thermodynamic pa-
rameters. These parameters are essential to characterize thermal
decomposition behavior along the applied temperature range. So,
the decomposition rate which is a relation between k(T) and f(«)
was as follow;

do

— =k(T) f(x 1

i = kD@ (1)
In which, « is a fraction decompose at time t, f(«) is a con-

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

These functions are of Arrhenius type (2).

K= AefE*/RT (2)

In which, R is the gas constant (] mol~'k-1), then by using re-
lation 2 as a function of relation 1, such relation could being ob-
tained (3);

d A
(TC: = <¢JeE*/RT>f(0‘) (3)

In which, 8 is a linear heating rate (dT/dt), T, is the starting
temperature and T = To+ fSt. As we know that, several decompo-
sition processes have been exhibited first order reaction. Therefore,
we assumed n = 1 and based on that the integration of previous
equation leads to this relation;

T
In(1 - a) = —%/Exp(—g—;)dT
To

Accordingly, it is possible to interpret the data obtained by inte-
gral method, to determine kinetics of degradation process (A&E,).
In the above equation, the integral in the right-hand side has no
significant solutions and many approximations are commonly ap-
plied. Therefore, we used two variable methods as Coats-Redfern
[47] and Horowitz-Metzger [48] that differ in resolving way, for
assertion.

A Coats-Redfern

The relation used by Coats-Redfern is;

&) = ln(AR) E

T2 BE) RT

In which, g(a) = 1-(1-a)'™/1-n if n# 1 and g(a) = -In(1-a) if
n=1,

R is the gas constant. The correlation coefficient (r) could being
computed by using least square method under variable n values
(n = 0.33, 0.50, 0.66 and n = 1.00), through a relation between
In[g()/T2] 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
for decomposition step under consideration. The kinetic parame-
ters (E; & A) were obtained from slope of straight line (= E,/R)
and the intercept which equal pre-exponential factor (A) and the
data were displayed (Table 2S)

A Horowitz-Metzger Method
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Fig. 6. Interaction profile for most synthesizes towards 6va5 protein.

These are the Horowitz-Metzger relations that used;

E’
In[—-In(1-a)]= R (n=1)

1-(1-)'™"] ., ART?  E,  Ef
ln|: :|—ll'l( )—R—E-i-ﬁ(rlgé‘l)

1-n B

In which, 6=T-Ts, Ts is the final stage temperature, T is the tem-

perature consistent to the weight loss. The straight line obtained

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

tion (at n = 1 as applied) and 0, then the slope is E;/RTs2 which
used to estimate activation energy (Table 3S).

A Thermodynamic Parameters

10

After calculating kinetic parameters, AS, AH, A, E; and AG
were the thermodynamic indexes calculated from the following
simple relations; AH=E - RT, AS=RInh A [K, Tand AG = AH
-TAS (Table 3S).

Finally, we could conclude the following remarks;

1) The kinetic parameters estimated showed better correlation
at n = 1. 2) High activation energy values (E,) reveal high stabil-
ity of such complex [49]. 3) Negative sign of AS values, indicates
more ordered activated complex than the incident reactants and
the degradation process is nonspontaneous [50]. 4) Positive sign of
AH values, indicates the endothermic characteristic of decomposi-
tion stages. 5) Positive sign of AG values, indicates the high free
energy of degraded moiety than that of initial compound, which
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Table 5
Interaction parameters within docking complexes towards selected DNA-proteins.
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Compounds Proteins ligand Receptor Interaction Distance(A) E(Kcal/mol) S(energy score)
1) HyL 6va5 012 NH2 ARG 1490 (A) H-acceptor 2.98 -3.6 -5.5133
1kzy 012 012 N SER 116 (A) N GLY 117 (A) NH1 H-acceptor H-acceptor 3.07 3.34 3.01 -33-14-19 —5.5948
012 ARG 282 (A) H-acceptor
2) Cu(Il)- HpL 6vas 012 N15 OE2 GLU 1598 (A) O ARG 1595 (A) H-donor H-donor 2.59 3.11 3.82 -12.0 —-4.6 -0.9 -5.3695
C18 CB GLU 1598 (A) H-acceptor
1kzy 011 O GLY 262 (B) H-donor 3.21 -0.9 —5.7821
3) Ni(Il)- HoL 6vas 017 OE2 GLU 1543 (A) ionic 2.61 -7.6 -6.1810
1kzy 081 N21 OG SER 96 (B) OG SER 96 (B) H-donor H-donor 3.15 3.27 —-4.1 -15 —4.9872
4) Ni(II)- Bis(HL) 6va5 N38 083 OE2 GLU 1567 (A) OE2 GLU 1567 H-donor H-donor ionic 3.18 2.68 3.27 -10.6 -7.3 -7.0 —6.5028
083 (A) OE1 GLU 1567 (A)
1kzy 083 083 OE2 GLU 258 (B) O GLY 262 (B) H-donor H-donor 2.74 2.75 -12.1 -8.3 —6.9501
5) Co(Il)- H,L 6va5 —- —- — — — -5.6262
1kzy 018 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) 6vas 083 083 OE1 GLU 1567 (A) OE1 GLU 1567 H-donor ionic 2.56 2.56 -13.9 -8.2 -6.7757
(A)
1kzy 083 083 OD1 ASP 208 (B) OD1 ASP 208 (B) H-donor ionic 2.60 2.60 -17.9 -7.8 —7.037

increased successfully from step to another. Also, due to increasing
TAS (-ve) from step to another which led to override AH values
[50].

3.7. Conductometric measurements

3.7.1. Determination of complex stoichiometry

Although this research was focused on the coordination features
in solid complexes, but the complex formed in solution offers in-
teresting data may help in discussing their solid state. Conducto-
metric measurements were done over freshly prepared solutions
from Co(OAc),-4H,0 and hydrazide ligand (H,L), to identify their
binding behavior in solution state. Both of Co(Il) ion and the lig-
and were mixed in DMF/methanol (5%) at 290.15 K, to estimate
constants of association (K) and formation (Kf) beside their Gibbs
free energy values (AGy & AGy). Both in absence and presence
of H,L ligand, the values of specific conductance (Ks) were deter-
mined with different Co(Il) ion concentration. So and by using this
equation; Am =(Ks-Ksopy) Keen x 1000/C, the molar conductance
(Am) values were computed [51]. Where, Ks and K, are the so-
lution and solvent specific conductance, respectively, while, K. is
the cell constant (= 0.99) and C is the Co(ll) concentration (M,
mol/L). At infinite dilution, the limiting molar conductance (A,),
was obtained for Co(Il) ion free from ligand (zero concentration)
(Table 4S). A relation drawn between A, and ligand /metal con-
centration [L/M] (Fig. 10S), leads to extract molar ratio for complex
formed through intercept point between the two lines [51]. The
formed L: M ratio was 2:1, which surprisingly matches that formed
in the solid state.

3.7.2. Determination of association and formation constants

The association constant for the complex formed between
Co(Il) and H,L ligand could being estimated from this equation;
Ka = Ag? (Ag-Am) | 4Cm2 2y 4 Am3S(Z) [52]. Where, Cm, Sz and
y +are the molar concentration of Co(Il) ion, Fuoss-shedlovsky fac-
tor (strong electrolytes = 1) and activity co-efficient, respectively.
Moreover, Gibbs free energy of association (AG,) can be obtained
from the following relation; AGay= -RT In K4, notice; R is the gas
constant and T is the absolute temperature. Also, the formation
constant for the complex formed (K¢) was estimated from the fol-
lowing equation; K¢ = Am -Agps [(Agps -Amp)[L]. Where, Ay and
Ay are the molar conductance of solution during titration and
for the complex formed, respectively. In addition, Gibbs free en-
ergy of formation (AGs) can be obtained by the following relation;
AG=-RT InK; Thus, the constants either for association (Ka, AGp)
or formation constants (Kf and AGy) were calculated and displayed
(Table 4). The data suggested 1:2 molar ratio between Co(Il) and

1

ligand in 5% MDF/methanol solution. Such molar ratio agrees in-
terestingly with that formed in solid state. This indicates its high
stability without competition with other ratios expected with plen-
tiful presence for ligand. Gibbs free energy values calculated ap-
peared lower which points to the spontaneity of complexation re-
action as usual.

3.8. Geometry optimization

3.8.1. Common properties

Materials Studio package was applied through DMOL3 program
and DNP basis set [20], to optimize structural forms of Schiff base
ligand and its Co(Il), Ni(Il) and Cu(Il) complexes. The structural
form yielded for H,L ligand (Fig. 11S) showed Cis-orientation for
N(16), O(11) and O(13) centers, which enables them for coordina-
tion with metal ions without twisting around the bonds or strain.
Also, some bond angles in the ligand as C(8)-O(11)-H(12), C(8)-
C(9)-C(14), O(13)-C(14)-N(15), N(15)-N(16)-C(17), suffer changes af-
ter complexation. The structural forms of complexes displayed
bond angles centered by metal atom up to 90° and 180° which
assigned to d2sp? or sp3d? hybridization in octahedral configura-
tion. Also, the bond lengths of C(8)-0(11), O(11)-H(12), C(14)-0(13),
N(15)-H(30), N(15)-N(16) and C(17)-H(31) appeared elongated than
that in free ligand. This is a normal feature for each bond has an
atom coordinating with central metal ion [53].

The HOMO and LUMO images (Fig. 12S) were demonstrated
over the optimized forms, to discriminate electronic distribution in
functional groups. The two orbitals appeared localized over naph-
thohydrazide moiety in free ligand. The appearance of these or-
bitals not changed strongly after complexation, the feature in all
complexes are close to each other and their coverage is far from
central metal surrounding [54].

3.8.2. Energy content of optimized forms

Energy minimization strategy is based on running the program
till reach the most fitted stabilized configuration, in which the
minimum energy content was obtained. Energy of, binding, forma-
tion, spin polarization, kinetic, electrostatic, exchange-correlation
and the overall atomic, were computed beside the dipole moment
and Eyomo & Epumo (Table 5S, Fig. 13S). High stability was re-
marked with all complexes particularly [Cu(H,L)(OAc),] (3) and
[Ni(HL),(H;0),] (6). This is based on reduced energy gaps (E ymo-
Enomo) than that of free ligand as well as their lower energy con-
tents. Consequently, the relationship between structure and activ-
ity, could being estimated based on dipole moment and frontier
energy gaps (A = E yymo- E Homo)- According to dipole moment
values, Ni(II)-Bis(HL), Co(II)-Bis(HL) and Cu(II)-Bis(H,L) complexes,
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reveal the lower values which is a promising feature in biological
activity, because of high lipophilicity [55]. While, the energy gap
has a direct relation with the activation energy values that affects
in the complex-activity during catalytic applicability.

3.8.3. MEP maps

Molecular Electrostatic Potential maps (MEP) enable us to dif-
ferentiate electron density over the functional groups (Fig. 5).
Electrons-rich or electrons-poor zone could being discriminated
over the whole molecule, to design the favorable attack mecha-
nism. Nucleophilic, electrophilic and neutral features were calori-
metrically displayed by red, blue and green colors, respectively. It
is easily to notice nucleophilicity of O(11), O(13) and N(16) centers
in the free ligand. These atoms were the coordinating sites which
appeared by the same nucleophilic feature in all complexes but im-
proved in Cu(Il) and Ni(Il) complexes due to M—L charge transfer
[54].

3.9. Biological simulation studies

3.9.1. Pharmacophore profile

To build interactive environment which leads to recognize vir-
tual interaction for tested compounds with biological systems as
well as create pharmacophore quires to reach analogues drug,
Pharmit link must be used. This docking approach was done ac-
cording to type of ligand-based via grid-based, to indicate the in-
teraction ability of each tested compound with 1kzy and 6va5 as
PDB proteins. The two proteins selected for this study belong DNA
and their assignments were exhibited in Scheme 1S. As we know,
the controlling of DNA in pathogenic-cells, is a significant target
for treatment due to the role of DNA in growth.

Such in-silico way showed significant interactions with 6va5
protein (Fig. 6) which exceeded than that with other protein (1kzy,
Fig. 14S). The complexes Ni(Il)-Bis(HL) and Co(II)-Bis(HL) exhib-
ited a very good occlusion in 6va5-grooves which yielded a perfect
interaction in between. This interaction was carried out by high
number of H-bonds as, H-donor (H-don =5), H-acceptor (H-acc=6),
acidic (H-acid=0) and basic (H-based=1) with the two complexes.
Moreover and it is worthy to note that, pharmacophore query was
run through MolPort drug library [55] to obtain drug-like that
showed effective interaction with 6va5 and 1kzy proteins. The drug
model (No: MolPort-007-588-377) that showed activity towards
6va5 protein (Scheme 3) nears to tested hydrazide, was obtained.
Its Room-Mean-Square deviation (RMSD), which measures the av-
erage distance between the atoms inside the ligand and protein
receptors, is very low (0.012) to a favorable extent. Also, the drug
model (No: MolPort-000-734-772) showed activity towards 1kzy
protein (Scheme 3) nears to tested ligand, was obtained. Its Room-
Mean-Square deviation (RMSD) is relatively low (0.198) [56].

3.9.2. Molecular docking approach

Molecular operating environmental docking-module (MOE) was
used to simulate what happened inside pathogenic-cell after treat-
ment by these new compounds, what is the interaction features
towards DNA. This simulation technique is strongly recommended
by drug designing industry, according to high credibility of result-
ing data which throw a shadow on the preferable design for tar-
geted drug. The activity of new compounds was tested versus to
6va5 and 1kzy proteins, to measure the extent of DNA- control-
ling, as the first target of chemotherapy. Pharmacophore profile es-
timated in the previous step, gave the probability for these com-
pounds to be succeeded in controlling DNA-proteins and high anal-
ogist with known drugs. Whereas, this docking tool gives all inter-
action details between the tested compounds and target proteins,
which conducts to evaluate their potential drug behavior (Table 5,
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Figs. 7, 15S-17S). The docking processes consumed variable times
from case to another till reach the most stable docking poses [57].

All interaction patterns obtained (Figs. 8, 155-17S) are only for
true docking poses in which the lengths of H-bonding formed
agree with defined limit (< 3.5 A). Consequently, the Scoring val-
ues were the measurable limit for effectiveness of tested com-
pounds towards the chosen proteins (6va5 & 1kzy). The compar-
ative view for the data yielded from docking study, leads to the
following significances;

1 The scoring energy values with all studied compounds were ap-
peared moderate, except Co(Il)-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 011, 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.

3.10. Biological application

3.10.1. Antimicrobial activity

Three microbial strains used in this investigation were Staphy-
lococcus aureus (G+ve), E. coli (G-ve) and Candida albicans (fungi).
They were commercially available from Microbiology laboratory of
national organization for drug control and research (NODCAR). This
in-vitro assay was performed for all new compounds (Fig. 18S) to
assess their antimicrobial efficiency. Significant effectiveness was
the general feature remarked with compounds 5, 6 and 3. This
is according to the measured inhibition diameter zones as well
as the activity index. This feature matches by acceptable extent
with structural activity relationships reported, which indicates the
lipophilicity of these compounds. Lipophilcity points to the ease of
penetration in sebaceous membrane around the cell and then the
direct attack with biological systems was happened [59]. Theoret-
ically, we did not expect activity for compound 3 due to its high
dipole moment value (11.526 Debye). But the in-vitro results indi-
cate its high activity, this may be due to any unknown mechanism
happened 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.
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3.10.2. Antioxidant and cytotoxicity of new compounds

The antioxidant property of all compounds was examined
by ABTS assay [61], to evaluate the magnitude of success in
overcoming free radicals that initiates cancer cell-proliferation.
Excellent antioxidant activity index (83.4%) was recorded with
[Ni(HL),;(H,0),] (6) complex which closer to the reference drug it-
self (ascorbic-acid) (Table 6S). This property of compound 6 may
refer to its surprisingly lower dipole moment or polarity that con-
cluded from computational study. Such pushed the compound to
acquire electrons from surrounding and capable for trapping free
radicals. Whereas, the free ligand exhibited mild antioxidant activ-
ity (57.23%), while the activity of other compounds seems ignored.

Cytotoxic property of the ligand and its complexes was ex-
amined against Hepatocellular carcinoma cell line (HepG2). This
screening was compared with 5-fluorouracil (5-FU) as a positive
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Scheme 3. drug-like conformers for H,L ligand with 6va5 (A) and 1kzy (B) proteins.

Table 6
Cytotoxicity (IC50) of H,L and
its metal complexes on HepG2

cell line.

Compound 1C50(pug/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

control (reference) to obtain a broad view about their inhibition
features [61]. IC5q9 values were evaluated and tabulated (Table 6).
The values reflect the superiority of compound 7 (2.9 pg/ml) in its
antitumor behavior which compatible with that of standard drug
(2.6 pg/ml). While, the free ligand takes the second order in its in-
hibition activity by ICsq value =3.6 ng/ml [62]. Consequently, the
two compounds may have distinguished future in fighting this dis-
ease.

Finally it easily to remark that, the chemical features and activ-
ity of complexes are changed strongly by changing the conjugated
anions in metal salts used to form complexes, even with the same
ligand.

4. Conclusion

New hydrazide complexes were prepared by green strategy
from CuSQy4, Cu(OAc),, NiCl,-6H,0, Ni(OAc),-4H,0, CoCl,-6H,0 and
Co(OAc),-4H,0 salts, to assert on the changes in their characteris-
tics according to different anions. The ligand behaved as a neu-
tral or monobasic through bidentate or tridentate binding mode
towards the metal ions within different molar ratios (1: 1 or 1:2,
M:L). This suggestion was confirmed from analytical and spectro-
scopic studies that implemented for characterization. Conducto-
metric measurements were used to calculate the association and
formation constants for Co(ll)-ligand complex which formed by 1:2
molar ration. Material studio package was used to optimize the
structural forms and then confirms the mode of bonding through
the changes observed in bond lengths and angles. Drug-likeness
approach was applied to discover pharmacophore profile within
MolPort drug-library. Two drugs were discovered as analogues
for the tested compounds in the activity towards DNA proteins
(6va5 and 1kzy). This outcomes were confirmed and elaborated by
other in-silico way as MOE-docking. The data point to Co(II)-Bis(HL)
and Ni(II)-Bis(HL) complexes as the most favorable inhibitors that
could control DNA of pathogenic cells. Finally, antimicrobial, an-
tioxidant and antitumor activity were tested for all compounds
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and Ni(II)-Bis(HL) complex showed excellent antioxidant property,
while Co(Il)-Bis(HL) complex showed superior cytotoxicity towards
liver cancer cells. Finally, the whole characteristics of complexes
were changed by changing conjugated anions, even with the same
ligand.
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