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Abstract

New complexes of copper(ll) with azo compound$ B&-amino-2-(aryl

diazenyl)phenol (HL) are prepared and investigated by elemental asslysnolar
conductance, IR'H-NMR, UV-Visible, mass, ESR spectra, magnetic spsbility
measurements and thermal analyses. The complexesadn square planar structure and
general formula [Cu(l)(OAc)].H.O. Study the catalytic activities of Cu(ll) compés
toward oxidation of benzyl alcohol derivatives tarlmonyl compounds were tested using
H,0O, as the oxidant. The intrinsic binding constantg @ the ligands (HL) and Cu(ll)
complexes 1-4) with CT-DNA are determined. The formed compouhdse been tested for
biological activity of antioxidants, antibacterialgainst Gram-positive S(aphyl ococcus
aureus) and Gram-negative E6cherichia coli) bacteria and yeas€andida albicans.
Antibiotic (Ampicillin) and antifungal against (Gtoimazole) and cytotoxic compounds
HL,, HL,, HLz and complex (1) showed moderate to good acti\gbirestS. aureus, E. coli
and Candida albicans, and also to be moderate on antioxidants and texigstances.
Molecular docking is used to predict the bindingween the ligands with the receptor of
breast cancer (2a91).

Keywords: Azo compoundCu(ll) complexes; DNA binding; Biological activityfhermal
analysis.
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1. Introduction

It has already been a number of organic dye$ied innovations of our day-to-
day life. Azo dyes are hardly organic compoundsdégradable because of its high
stability to light and resistant to microbial aktacThe greater part of the azo
compounds are a class of synthetic aggravates #rat continuously getting
consideration in experimental exploration [1,2]. cAzlyes can supply a complete

rainbow of colors; therefore they have tremendomportance as dyes and also as



pigments for a long time [3]. Azo dyes are gengraynthesized by the reaction of
primary aromatic amines by diazotization and coupliwith phenol or secondary
aromatic amines. In fact, about half of the dyesthe industry are also compounds,
which are mostly prepared from diazonium salts6]j4 Azo compounds as organic
dyes have attracted considerable attention dtleetoapplications [7,8].

Azo dye compounds coordinate with metal ions ddpam the nature of the metal,
their valence, the number of donor atoms within ligand, the type of chelating rings
formation and pH of the reaction medium. It is kmothat azo dye compounds and their
metals complexes are known to be involved in a remalb biological reactions, such as the
inhibition of DNA, RNA, synthesized protein, nitrelg fixation and carcinogenesis [9-11].

Herein, we describe the synthesis and charactenzaf 5-amino-2-(aryldiazenyl)
phenol (HLy) and their Cu(ll) complexes by different spectaysc techniques. Calf thymus
DNA-binding activity of the ligands and copper(dpmplexes were studied by absorption
spectra. Catalytic oxidation of benzyl alcoholidatives to the corresponding carbonyl
compounds in presence of the formed complexes udj@y as oxidant was studied. The

optimal bond lengths and bond angles has beentigatsd and calculated.

2. Experimental
2.1. Materials

3-Aminophenol obtained from Aldrich Chemidaompany was used without any
further purification. Aniline (99.5%), 4-derivagg anilines (alkyl: Cki(96.0%), CI (98.0%)
and NQ (97.0%); and copper acetate (CuOAgH from Sigma.All other used chemicals
and solvents were of analytical reagent grade.

2.2. Synthesis of the ligands and their complexes
2.2.1. Synthesis of the azo dye ligands (Hk)

The ligands of 5-amino-2-(aryldiazenyl) pberiHL,) were prepared by dissolving
aniline or itsp-substituted derivatives (10 mmol) in conc,S&, diazotized compound
below -5 ° C in an ice - salt bath with sodium aiér solution (0.8 g 0.10 mmol and 30 mL
distilled H,O). Diazonium salt was coupled with an alkalineusoh of 3- aminophenol (1.0
g 0.10 mmaol) in 20 ml of ethanol. The precipitat@swiltered and dried after through rinsing
with water and ethanol mixture. The crude produas wecrystallized from ethanol and the
microcrystals were obtained in a yield of 94-98™%be resulting formed ligands (Fig. 1) are:

HL1= 5-amino-2-p-methyl phenyl diazenyl) phenol.
HL, = 5-amino-2-(phenyldiazenyl) phenol.

HL3 = 5-amino-24p-chlorophenyl diazenyl) phenol.
HL,= 5-amino-2-p-nitro phenyl diazenyl) phenol.



2.2.2. Synthesis of Cu(ll) complexes (1-4)

Copper(ll) complexes were prepared (Fip.a2cording to the general procedures
described by El-Sonbati et al. [8,12]. A stoichaint amount of the desired ligand (0.02
mol) in ethanol (20 mL) was added dropwise to a &titanol solution (20 mL) of
CuOAc.H0 (0.01 mol) and the reaction mixture was refluk@db hours. The solution was
concentrated and the microcrystalline solid sepdratvhich was isolated by filtration,
washed with hot ethanol, ether and dried in a vacdoyer over anhydrous CaCl

2.2.3. DNA binding experiments

Binding characteristics of ligands and CNA complexes have been studied using
electronic absorption spectroscopy. The stock mmudf CT-DNA was prepared in 5 mM
Tris-HCI/50 mM NaCl buffer (pH=7.2), which a ratad UV absorbance’s at 260 and 280
nm (AgsdAzso) Of ca. 1.8-1.9, showing that the DNA was adedydtee of protein [13, 14].
Furthermore, the fixation was dictated by UV absode at 260 nmeE 6600 M* cmi?)
[15]. Electronic absorption spectra (200-700 nm)revearried out using 1 cm quartz
cuvettes at 28C by fixing the concentration of ligand or complgx00x10®> mol L) with
a gradual increase in the concentration of CT-DNA3@x10* mol LY). The intrinsic
binding constant Kof the compound with CT-DNA was determined usihg following
equation [8,16]:

[DNA]/ (ex=€r) = [DNA]/ (ep—€5) + 1/ Ko(eaex)

Where [DNA] is the concentration of CT-DNA in bgsairs,e, is the extinction coefficient
observed for the 4d[compound] at the given DNA concentration, is the extinction

coefficient of the free compound in solution aegdis the extinction coefficient of the
compound when fully bond to DNA. In plots of [DNAdi—<;) versus [DNA], K is given

by the ratio of the slope to the intercept.

2.2.4. Catalytic oxidation of alcohols by Cu(ll) canplex
The complex [Cu@)(OAc)] H.O (0.0064 g, 0.01 mmol) was dissolved in DMF (2 mL)

and HO (10 mL), then benzyl alcohol (2 mmol) was adaeth stirring for 30 min.
Hydrogen peroxide (2.3 mL, 30%, 10 mmol) was thédea dropwise and reaction mixture
was irradiated ultrasonically for further 30 mirheh reduced in vacuum. The carbonyl
compound extracted by diethyl ether (3x10 mL)efdid through a bead of silica gel and
dried over anhydrous MgSO The produced benzaldehyde were quantified as 2,4-

dinitrophenylhydrazone derivative.

2.2.5. Biological Studies

2.2.5.1 Antioxidant activity screening assay ABTS ethod
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For each of the investigated ligands (Hand their complexes, 2 mL of 2,2zino-bis
(3-ethylbenzthiazoline-6-sulphonic acid (ABTS) wan (60 uM) was added to 3 mL
MnO; solution (25 mg/mL) in 5 mL aqueous phosphate lgtdution (pH 7, 0.1 M). The
mixture was shaken, centrifuged, filtered, andaherage absorbance of the resulting green
blue solution at 734 nm was adjusted to aboutCc&. Then, 50 ul of 2 mM solution of test
compound in spectral grade MeOH / phosphate bifferl) was added. The absorbance
measurement at 734 nm decrease in color intensisyexpressed as percentage of inhibition
[17].

2.2.5.2 Antibacterial activity

Chemical compounds were individually testgdiast a gram positiveSaphylococcus
aureus), gram negativeHscherichia coli) bacteria and yeas€Céndida albicans). 1 mg of
each compound was dissolved in 1 mL DMSO and thatiso was placed in petri dish
containing a sterilized Whatman filter paper (5 @&nd media nutrient agar (beef extract 3
g meat + peptone 5 g and 20 g agar) seeded witlieited microorganisms. The petri
dishes were incubated at 35°C and the inhibitionegzowere recorded after 24 h. Each
treatment was replicated three times. The antibattactivity of standard antibiotic
(ampicillin) and antifungal (colitrimazole) was alsecorded using the same procedure as
above at the same concentration and solvents. ThetBsty index for the complex was

calculated by the formula as follows:

% Activity index = Zone of inhibition by test compound (diameter)

Zone of inhibition by standard (diametre)x 100

2.2.5.3. Antitumor activity

The cell lines hepatocellular carcinorttdePG-2) and mammary gland breast cancer
(MCF-7)were used to determine the inhibitory effects ahpounds on cell growth using 3-
[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazoliurbromide (MTT) assay. Solutions of
MTT, dissolved in medium or balanced salt soluti@nthout phenol red, are yellowish in
color. Mitochondrial dehydrogenases of viable cellsave the tetrazolium ring, yielding
purple formazan crystals which are insoluble ineays solutions. Cell lines were cultured
in with 10% fetal bovine serum. Antibiotics adde@re/ 100 units/ml penicillin and 100
pg/mL streptomycin at 37 in a 5% CQincubator. The cell lines were seeded in a 96-well
plate at a density of 1.0xi@ells/well for 48 h under 5% GOAfter incubation, the cells
were treated with different concentration of compasiand incubated again for 24 h. After
24 h of drug treatment, 20 pL of MTT solution wakded from concentrations range 1.56-
100 pg/mL and incubated for 4 h. Dimethyl sulfox{@VSO) in volume of 100 ul is added
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into each well to dissolve the purple formazan fedmThe colorimetric assay is measured
and recorded at absorbance of 570 nm using a pater (EXL 800). The relative cell
viability percentage was calculated as (A570 cateed samples/A570 of untreated sample)
x 100 [18].

2.2.6. Molecular docking

Docking calculations were carried out using DockBerver. The MMFF94 force
field was used for energy minimization of ligandsletule using Docking Server. Gasteiger
partial charges were added to the ligand atoms.-péder hydrogen atoms were merged,
and rotatable bonds were defined.

Docking calculations were carried out on 2a91 -GMNALING PROTEIN,
TRANSFERASE, MEMBRANE PR protein model. Essentigdiogen atoms, Kollman
united atom type charges, and solvation parameters added with the aid of AutoDock
tools.  Affinity (grid) maps of 20x20x20 A gridbts and 0.375 A spacing were generated
using the Autogrid program. AutoDock
Parameter set- and distance-dependent dielectntifuns were used in the calculation of
the van der Waals and the electrostatic terms, eotsely.

Docking simulations were performed usihg tamarckian genetic algorithm (LGA)
and the Solis & Wets local search method. Inpasition, orientation, and torsions of the
ligand molecules were set randomly. Each dockingesrment was derived from 10
different runs that were set to terminate afteraximum of 250000 energy evaluations. The
population size was set to 150. During the seaschranslational step of 0.2 A, and
guaternion and torsion steps of 5 were applied2p-

2.2.7. Analytical techniques

2.2.7.1. Infrared spectroscopy (IR)

IR spectra (KBr discs, 4000-400 ci) by recorded in Jasco FTIR-4100
spectrophotometer.

2.2.7.2*H- Nuclear magnetic resonance spectroscopyH- NMR)
The'H- NMR spectra were recorded by Bruker WP 300 MKing DMSO-¢ as a

solvent containing TMS as the internal standard.
2.2.7.3. UV-Visible spectroscopy

UV-Visible spectra were recorded by Perkim&l AA800 spectrophotometer Model
AAS.



2.2.7.4. Magnetic susceptibility measurements
Magnetic susceptibility measurements has hdentified at room temperature on the
balance of the magnetic susceptibility Johnson iMgttusing mercury Hg[Co(SCHN)as
calibration.
2.2.7.5. Thermogravimetric analysis (TGA)
TGA of the ligands and copper complexes ewearried out using Shimadzu
thermogravimetric analyzer under nitrogen atmosphéth a heating rate of % / min at
a temperature ranging from room temperature u@°g.
2.2.7.6. Microanalysis
Elemental microanalyses of the compoundsGp H, and N were determined on
Automatic Analyzer CHNS Vario ELIIl, Germany. Theayses were repeated twice to
check the accuracy of the analyzed data. The metdkent in the complexes was estimated
by standard methods [12].
2.2.7.7. X-ray diffraction analysis
X-ray diffraction analyses of the powder foroh Cu complexes were performed [23] at
room temperature by a Philips X-ray diffractometquipped with utilized monochromatic
Cu K, radiation § = 1.540598 A). The X-ray tube voltage and curreate 40 kV and 30

MA, respectively.

2.2.7.8. Molecular structure investigations

The molecular structures of the investigatempounds were optimized by HF method
with 3-21G basis set. The molecules were builhwiie Perkin EImer ChemBio Draw and
optimized using Perkin EImer ChemBio 3D softwaré][2
2.2.7.9. ESR measurements

ESR measurements of powdered samples were recardedm temperature using an
X-band spectrometer utilizing a 100 kHz magnetieldfi modulation with diphenyl
picrylhydrazyle (DPPH) as a reference material. Tdmnductance measurement was

achieved using Sargent Welch scientific Co., SkdkicUSA.

3. Results and discussion

The 'H NMR spectrum of HL was recorded in DMSOgdsolution using TMS as
internal standar@ig. S1) The compound under investigation show a signall&t00 ppm,
which can be assigned to the phenolic —OH groupoprwith integration equivalent to one
proton. The compound shows a group of multipleaigrcorresponding to the aromatic
protonss5.95-6.35 an®7.35-7.80 ppm. Also, the spectrum show a singke ét62 ppm (s;
2H, NH,) due to the two protons of amino grouppHposition to the N=N group. The ligand

show a signal a$12.45 ppm, which may be attributed to the presesfcmtramolecular
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hydrogen bond between the phenolic —OH group ofrtbeety in HL, and the azodye group.
on addition of DO the intensities of both OH and Nidrotons significantly decreagEig.
S1(b)) The peak at (10.30/12.45) ppm, which is due &ehchangeable hydrogen-bonded
hydroxyl (OH) proton, disappears upon exchange Wi® and can be associated with the—
OH proton involved in intramolecular hydrogen borgliwith the azodye nitrogen atom
[25].

Analytical data indicates that the diazo coupliagation between 3- aminophenol and
aniline or its p-substituted derivatives occurs in 1 : 1 molar rata the product form well
defined complexes with Cu(OAc2H,O. Formation of the complexes can be represented by
the following equation.

Cu(OAcyr.2H,O + Hl4 — [Cu(Li-4)(OAC)]HO + CHCOOH

Formulation of the complexes (1-4) has been basetth@r elemental analytical data,
molar conductance, magnetic susceptibility datadiffdrent spectroscopic techniques. The
results are consistent with 1 : 1 metal:ligandctmmetry Table 1). The azo dye ligands
and their complexes are soluble in all common dmaolvents, non-hygroscopic. The
conductance measurements, recorded forMGsolutions of the complexes in DMSO show
that copper(ll) complexes are non-electrolytes. dderthe one acetate in copper(ll)
complexes are in the coordination sphere and corfirby analytical data.

The values of the yield (%) and the melting poir& eelated to the nature of tpara
substituent as they increased according to theviadlg order:p-(NO, > Cl > H > CH).
This can be attributed to the fact that the chafjectively increased due to the electron
withdrawing substituent (H{), while it decreased by electrons donating charact HL;,
HL3 and HL, ligands. This is in accordance with that expedtedh Hammett's constant
(67) as shown inKig. S2(a,b) correlate the yield (%) and melting point valweth o7, it

is clear that all these values increase with irsirgg".

3.1. IR spectra

The IR spectra of the complexes are compared Wabke of the free ligands (IHLn
order to determine the coordination sites that fm@yinvolved in chelation. These peaks,
such as those of OH, N=N, and bJldre expected to be involved in chelation. Thatjpws
and/or the intensities of the peaks are expectée tthanged upon chelation. On examining
these spectra by comparison with the free ligamtg can conclude the following, all
complexes under investigation exhibib#COO) is observed at 1585 ¢nandv(COO) at
1400 cm' apart from the skeletal vibrations of the ligan@iee separation between these

two frequenciesXv = 185 cnt) adequately supports bidentate coordination ofait®tato



group [8]. The broad bangO-H) water is absent in the spectrum of the ligétd,), but is
present in the complexes3t85-3360 crit [8,26] (Fig. S3)

The IR spectra of the ligands (k)Lexhibit a broad medium intensity band ranging
from 3100-3500 cm with peak centered at ~3370+12 trwhich can be assigned to the
stretching vibration of phenolic (O-H) group [8]h& disappearance of th€O-H) phenolic
and a medium intensity bands at 1260-1220 can be attributed to(C-O) vibration of C-
O-H group [7,27], supports the contribution thabtpn displacement from the phenolic —
OH groups through the metal ion forming a bond lb@tween the oxygen of the phenolic
group and the metal ion. A band appearing at let66 assigned tw(N=N) is shifted to
lower frequency on complex formation by 8-17 tmshowing that the coordination through
one of the azo nitrogen atom [8]. New bands ircathplexes at 580-624 and 407-470"tm
are assigned ta(Cu-O) andv(Cu-N), respectively. Thes(NHy) in all ligands under

investigation still lie at the same position in gpectra of the complexes.

3.2. Mass spectra

The electron impact mass spectra of ligandgjHind its complex (3) are recorded and
investigated at 70 eV of electron energy. It isiobs that, the molecular ion peaks are in
good agreement with their suggested empirical féeras indicated from elemental analyses
(Table 1). The mass spectra fragmentation mode of tgantd Hlg shows the exact mass
of ligand is 247.5 corresponding to the formulgHzoN3OCI and mass of its complex
387.28 corresponding to the formula GuisN3O,Cl as shown inFig. S4(a and b)
respectively. The ion of ligand m#&Z247.5 undergoes fragmentation to a stable peakzt
= 219.5 by losing N atoms (structuré) as shown inFig. 3. The loss of Cl leads to the
fragmentation with m/z= 184 (structurell). The loss of NH atoms leads to the
fragmentation with m/z 168 (structuréll ). A breakdown of the backbone of kligand
gives the fragmen(V). The mass spectrum fragmentation modes of complesh@ws the
m/z=387.046 and undergoes fragmentation to stabl®za=214.5 by losing $O, Cu, OAc
and ONH (structurdl) as shown irFig. 4. The loss of Mleads to fragmentation with m#&

186.5 (structurdl ). A breakdown of the backbone of comptaxes the fragment@ll).
3.3. X-ray diffraction

The X-ray diffraction (XRD) patterns for the powdeiorm of complexes
[Cu(L1)(OAC)H20 (1) and [Cu(k)(OAC)]H20 (4) are presented ifig. 5. The XRD show
many diffraction peaks which confirm the polycrysite phase while the complex
[Cu(L2)(OAC)] H20 (2) is amorphous/polycrystalline mixture phaskee Bverage crystallite
size €) and The dislocation densit§)(can be calculated from the XRD pattern according

following equation [23]:
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where) is wavelength of X-ray radiation (1.540598 A),i&a constant taken as 0.95 for
organic compounds arf8l; is full width at half maximum of the referencefdaction peak
measured in radians afdis the angle of diffraction. The calculated valoé< are found
241 and 270 nm for complex (1) and complex (4)peesvely. The calculated values of
are found to be 1.72x £p1.37x 1@ nm? for complexes (1) and (4), respectivelfhe
diffraction peaks in powder spectra are indexed tedlattice parameters are determined
with the aid of CRYSFIRE computer program [28]. Toygimum indexed Miller indices,
(hkl), for complexes under investigation are determiogdsing CHEKCELL program [29]
and presented ifig. 5. The calculatedattice parameters which are a, b,acp andy in

addition to crystal system and space group arespted inTable 2

3.4. Thermal analyses

Thermal analysis by the TGA techniques has prowdzktvery useful in determining
the crystal water content in complexes and thegmgage of loss of masses of the ligands
and their thermal stability. The experimental resgshowed that the thermal decomposition
of ligands (HLl)) and their Cu (ll) complexes included two and éhrmain steps,
respectively. The determined temperature rangestendorresponding percent mass losses
are given infable S1 (Figs. S5 and S6).

HL, ligand shows two decomposition steps, the firagstoccur in the temperature
range 30-342C is attributed to loss of a part of the ligandgH&N,) (Found50.31 % and
Calc. 52.42%). The second stage in the temperatunge 342-806C loss of a part of the
ligand GHgNO (Found 49.69% and Calc. 47.57%). The determiesgberature ranges and
the corresponding percent mass losses are giveabie S1

All Cu (ll) complexes (1-4) showed TG curves in teenperature range ~30-400 °C
loss of outer HO molecule followed by loss of GBOO molecule. The third stage is
related to loss of the part of ligand. The finaligiw losses are due to the decomposition of

the rest of the ligand and metal oxides residiable 3).

3.5. Thermodynamic parameters for thermal degradabns

The thermodynamic activation parameters of decortipnprocesses of the ligands
(HL1, HL,, HL3 and HLy) and their Cu (lI) complexesl,(2, 3 and4) namely activation
energy (E), enthalpy AH'), entropy AS), and Gibbs free energy change of the
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decomposition A4G') are evaluated graphically by employing the Cdatifern [30] and
Horowitz-Metzger [31] methods and drown of Coatséfeen (CR) and Horowitz-Metzger
(HM) of the ligands (HL) and their Cu(ll) complexes (1-4Figs. 6 and 7, respectively.
The calculated values of ,FA, AS*, AH* and AG* for the decomposition steps for ligands
and complexes are summarizedTiable 4. According to the kinetic data obtained from
TGA curves, the negative values of activation gnasAS* indicate more ordered activated
complexes than the reactants. It was found thathtemal stability of the metal complexes
was higher than that of the ligands.
3.6. Molecular structure

Molecular structures for ligands (kjLand their complexes are shown kig. 8.
Molecular structures (HOMO & LUMO) are presented Rig. S7. Selected geometric
parameter bond lengths and bond angles are tabulat€ables S2-S5 and 5-8or the
ligands HL, and their complexes, respectively. The HOMO-LUM@rgy gap AE) is an
important stability index which is applied to deygltheoretical models for explaining the
structure and conformation barriers in many molacslystems. The calculated quantum
chemical parameters are givenTiable 9, global electrophilicitym, global softness$ and
additional electronic charge, amiNna, have been calculated [8]. It seems that the
electronegativity ) of complexes higher than ligands and electromeiyat(y) of ligands
increase from HLto HL, andalso electronegativity of complexes increased. Thais be
attributed to the fact that the effective chargaeéased due to the electron withdrawpig

substituent (Hk.and HL;) while it decreased by the electrons donatingaittar of (HL).

3.7. Molecular docking

Breast cancer rates gradually increased since ##®slin many industrialized
countries. HER2 is a member of the epidermal grofattior receptor (EGFR / ERBB)
family. Amplification of this oncogene has been whoto play an important role in the
development and progression of some aggressive tyfplereast cancer. In recent years, the
protein biomarker becomes important goal of treatnfer about 30% of breast cancer
patients [32].

Results of docked ligands were analyzed tigh2a91 as shown fig. S8 (A and C).
The results showed a possible arrangement betwggemds (HL,) and receptor (2a91). The
docking study showed a favorable interaction betwegands Hl, and the receptor 2a91l
and the calculated energy is listedTiable S6andFig. S8 (A and C)for receptor 2a91,
respectively. According to the results obtainethis study, HB plot curve indicate that, the
ligands HL, binds to the protein with hydrogen bond interawsioand decomposed
interaction energies in Kcal/mole were exist betwelke of ligands H} with (2a91)
receptor as shown iRig. 9 andTable S7 The ligands (Hk) have a great affinity (pkfor
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(2a91) receptor as shown irable S6 The calculated efficiency is favorable where Ki
values estimated by AutoDock were compared withedrmental K values, when available,
and the Gibbs free energy is negative. Also, basedhis data, we can propose that
interaction between the (2a91) receptor and thentlg (HLs) is possible. 2D plot curves of
docking with ligands (H}) are shown irFig. SQ Binding energies are most widely used as
mode of measuring binding affinity of a ligands.ushdecrease in binding energy due to
mutation will increase the binding affinity of tlegodye ligands toward the receptor. As the
electron density on azo dye group decrease theirmprd our ligands with the receptor
(2a91) increase, (HL> HL3z> HL, > HL1). The characteristic feature of azo dye ligands wa
represented in presence of several active sitatablafor hydrogen bonding. This feature
gives them the ability to be good binding inhib#do the protein and will help to produce
augmented inhibitory compounds. The results comidnalso that, the azo dye ligands

derived from 3-aminophenol is efficient inhibitdr2a91.

3.8. Magnetic measurement and electronic spectra

The room temperature magnetic moment valugs per copper ion for the complexes
were 0.93-1.99 BM range which may suggest a sqplargar structure [33]. The observed
magnetic moments of the complexes are consistetit the presence of single unpaired
electron [34,35]. The electronic absorption speofrghe ligands and its copper complexes
were measured at room temperature in DMF solutidhs. electronic absorption spectra of
the ligands display one electronic absorption ie thnges 22222-21460 ¢mwhich are
assigned to n Tt and intraligandt— 1t transitions, respectively. The electronic specfra
the copper (II) complexes display two electronis@ption bands in the ranges 17915-
17430 and 19300-20410 €massignable to the transitioBig—>A1g and “Bi—°E,
indicating the possibility of a square planar coexels. These spectral features support the
square planar geometry around copper (Il) centg}. [Additional bands are present in the
high-energy region are assignable to{OCu) and (N=N— Cu) charge-transfer transitions
[36]. These spectral features are in agreement With other square planar copper(ll)
complexes [37].

3.9. ESR spectra

To obtain further information about the stereoclstryiand the site of the metal
ligand bonding and to determine the magnetic icteoa in the metal complexes. ESR
spectral assignments of the Cu (lI) complexes alwitly the spin Hamiltonian and orbital
reduction parameters are summarizedable 10 The ESR spectra of the complexes (1-3)
have been studied to provide information abouthyygerfine and super hyperfine structures
to elucidate the geometry and the degree of covalefthe metal-ligand bon@he spectra

of the complexes (1-3) show typical axial behawh slightly different g and g values.
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The various Hamiltonian parameters have been @tlifor these complexes (1-3)
(Table 10. The ESR spectra of copper(ll) complexes exhiakmlly symmetric g-tensor
parameters with @ g7 > 2.0023 indicating that the copper site has.g.dground state,
characteristic of square planar geometry and gxglimmetric [38]. It has been reported
that g value of copper(ll) complexes can be used as suneaf the covalent character of
the metal-ligand bond. If the value is more thaB, 2he metal-ligand bond is essentially
ionic and the value less than 2.3 is indicative@falent character [39]. The present ESR
results show that;gs lower than 2.3 in this case suggesting thatcthgper (Il) complexes
are covalent in nature [40]. Also the trengd > g5 > g., observed for these complexes
indicate that the unpaired electron is most likelyhe d..y, orbital of the copper(ll) ion and
are characteristic for the axial symmetry [41]abkial symmetry, the g-values are related to
the G-factor by the expression G F-@/(g--2) = 4. According to Hathaway and Billing
[41], if the value of G is greater than 4, the exuhe interaction between copper (ll) centers
in the solid is negligible, whereas when it is ldssn 4, a considerable exchange interaction
exists in the solid complex. The calculated G val(@ble 10 lie within the range 3.90 —
5.44 for the copper (Il) complexes (1-3). This supphe absence of exchange coupling
between copper (Il) centers in the solid state.[42je f is taken as in indication for the
stereochemistry of the copper (II) complexes. Addithas suggested this ratio may be an
empirical indication of the tetrahedral distortiohthe square planar geometry. The values
lower than 135 ci are observed for square planar structures ane thiger than 150 cm
for tetrahedral distortion complexes. The values tfite complexes under investigation,
Table 10 showed that all complexes associated with a sqolanar ligand field around the
copper(ll) centers.

Molecular orbital coefficientg® (a measure of the covalence of the in-ptan
bonding between a copper 3d orbital and the om)ihdp® (covalent in-plant-bonding)
was calculated [43-48], which may be regarded aasore of covalence of the in-plase
bonding, in-planer-bonding and our of planebonding, respectively. The value @f= 1.0
indicates complete ionic character, whereas 0.5 denotes 100% covalent bonding, with
the assumption of negligible small values of thertap integral. According to Hathaway
[49,50], the calculated values ofiiK K?; and K, Table 11, showed that K~ Ky~ 0.77 for
pure in-planes-bonding and KK < Kg for in-planen-bonding, while for out of plane-
bonding K > Kp. In all the Cu(ll) complexes, it is observed tKat< Kpwhich indicates the
presence of significant in-plamebonding. The values of bonding parameigrsand p? <
1.0 indicate significant in-plane-bonding and in plane-bonding. It was found that the

values ofp? o g and Gof Cu(ll) complexeg(1-3) gy, Ay x10* cm* and p? values are
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dependent of the substituents effect of gkosition of the ligand and can be order@$¢Cl
>H > CH) as shown irFig. 10
3.10.Catalytic oxidation of alcohols
Copper (ll) complexes have been well ingzdgd in catalyzing the selective
oxidation of alcohols to aldehydes in the past dedal,52]. Compared to the other transition
metal compounds, copper catalysts are commerdiadlypensive, easily to be prepared and
handled. Although some Cu(l)/Cu(ll) salts and thesmposites [53] have shown good
catalytic activity towards such reactions, the damation compounds of copper with various
ligands are mostly investigated because of thebddly the steric hindrance, the stability and
the redox properties of these catalysts could biyeadjusted by the ligands used [54-56].
However, catalytic methods based on transition Iseteed stringent reaction
conditions and high cost of the ligand, or have disadvantages like long reaction time and
high temperature. Therefore, the development otta, inexpensive, simple and green
chemical process for oxidation is still needed. WAfe interested in the use of hydrogen
peroxide, since it is cheap and sufficiently enniment-friendly to be used on a commercial
scale. Herein, we investigate the catalytic oxafabf benzyl alcohol by the catalyst system,
[Cu(L.)(OAC)|H.O/H,O, at room temperature. As a typical reaction prooedwxidation
experiments have been performed as follows: 10 noh80% HO, was added drop wise to
the solution of the complex (0.01 mmol) and alcof@dimmol) in a mixture of DMF and 4@
as solvents and the reaction mixture irradiatecsidnically for 0.5 h. The color of the reaction
mixture changes from brown to green; this is prdpdhne to coordination of the alcohol to the
copper (1) ion.
However, oxidation of benzyl alcohol in 80% withriaver frequency (TOF) 10.6'h
The catalytic oxidation of benzyl alcohol as a moslgbstrate has been performed in the
absence of [Cu@)}(OAc)] H2O and in the presence of some other co-oxidakés NialQ,
K>$,0s, NaBrQ; and NaOCI instead of @, and gave very low yield of benzaldehyde (less
than 5%). This is probably due to the formatiorthed solid precipitates NakDK,SO,, NaBr
and NaCl, respectively, which remain at the endhaf reaction and make the workup, is
difficult. We conclude that the use of [CyJ{OAC)]H0 is preferred catalyst for oxidation of
benzyl alcohol to benzaldehyde. The mechanism isf rédmaction could be explained on the
basis of the catalytic cycle shown below. Hydrogenoxide oxidizes the produced Cu(l) ion
to Cu(ll) ion again which in turn oxidizes the ramag benzyl alcohol. This catalytic cycle
continue till all the substrate is completely camgd. The novelty in this technique towards
this complex has not been tested before for thialytéc oxidation reaction in addition, this
catalytic system is good for catalytic oxidationtbése compound since (1) it works at room
temperature, (2) the yield is comparable to otlaalgtic systems, (3) the work-up is simple

and (4) reaction time is short.
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Cu(l
H0, 20 Benzaldehyde
Co-oxidant &  Substrate
H.0 Benzyl alcohol
2 cu(ll)

3.11. Biological studies
3.11.1. ABTS antioxidant activity

The antioxidant activities of azo ligands and itetah complexes were evaluated by in vitro
methods in order to compare the results. The ettalugtudy was carried out with different
concentrations of ligand and metal complexes andrb& acid was used as a standard.

By comparing the results obtained of antiaxit of the azo ligand compounds reported
in this study compounds HLHL, , HL; and complex (1) showed high antioxidant activity
the sequence HL> HL, > HL3 > HL4 according to decreasing of electronegativity an a
group (Table 11). Also we found that copper complex of ligand,H& the only complex which
increase the antioxidant activity than its ligand.

3.11.2. Antibacterial activity

The diseases caused by microbial infectioeseva serious menace to the health of
human being and often have connection to some daliseases when the body system gets
debilitated. Developing antimicrobial drugs and mtaining their potency in opposition to
resistance by different types of microorganismwel as a broad spectrum of antibacterial and
antifungal activities were of major concerns ofei@gh in this area.

Antimicrobial activity of the synthesized mmpounds were screened witro against
gram positive and gram negative bacterial and atyega comparison with control drugs
ampicillin as an antibacterial agent and colitaola as an antifungal agent, by the agar
diffusion technique [57,58]. Biological evaluatiamvitro revealed that compounds HIHL,,
HL3; and complex (1) exhibited moderate to slight iftbity action activity against
Saphylococcus aureus and Escherichiacoli. The rest of compounds showed slight to no
sensitivity at all to the tested microorganismsnpéex (1) showed good activity agairist
coli with zones of inhibition 13 mm and activity index 54.2% and compound Hlalso
showed moderate activity with zone 16 mm and dgtimdex of 72.7 % Table 12.

Compounds HL, HL,, HLszand complex (1) exhibited antifungal activity agh C.
albicans with inhibition zones of 4,11,13 and 7 mm andwist index of 15.4%,42.3% 50%
and 26.9%, respectively. By investigating the at@on in the antimicrobial activities of the
tested compounds it was revealed that the pres#r€ke NO, in some compounds such asHL
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and HL, may be result moderate activities against testedomrganisms when compared with

standard compounds.
3.11.3. Cytotoxic

In view of the biological activity of azo dye cplaxes, we firstly evaluated the ability

of 3-aminophenol derivatives to inhibit cancer ggtbwth against Hepatocellular carcinoma
liver (HCC). In our experiments, half maximal iblory concentration (I§) values
(compound concentration that produces 50% of astly) were calculated. For comparison
purposes the cytotoxicity of Fluorouracil (5-FU)dathe free ligand as well as the metal
complexes was evaluated under the same experimeptaditions. The Ig of the
complexes are higher than that of ligands, andethsrno synergist effect with the
complexation with the metal. A slight decrease ©fylis observed only for the [Cu{L
(OAC)]H,O complex against MCF-7. Therefore, the chelatibthe free ligand with metal
ion is essential for anticancer activities of thesenplexes. Importantly, it should be
emphasized that Cu(ll) complexes exhibits conslderaell growth inhibition activity
against human liver hepatocellular carcinoma Hep@3 similar to that of 5-FU (7.9 lg/ml)
for HePG2. These gratifying results are encouragsfurther screening imtro. Therefore,
its further biological evaluation iwitro as well as studies of mechanism of action is
necessary.

Cytotoxic and antitumor activity of ligands (k) and its metal complexes were tested
against (HePG2) and MCF-7cell line was detectedding different concentrations of the
tested compounds (1.56, 3.125, 6.25,12.5, 25,560 gd@ml) and viability cells (%) were
determined by the colorimetric method [59,60].

The results revealed that all tested comgsumave cytotoxic and antitumor activity
against the breast carcinoma cell line.,HHL; ligands and complex (1) were found to
exhibit potent anticancer activity which have teetactivity than complex (4). hable 13
values of IGydecrease activity of compounds increased agaiaduthor and we can apply
as anti-tumors drugs against tumors. The reshlbsvn inFig. S10 and Fig. 1lrevealed
that all tested compounds have cytotoxic and anttuactivity against the breast carcinoma

cell line and human liver hepatocellular carcinomit superiority.

3.12. DNA binding studies

Absorption titration studies is one of the mostvensally methods used to study the
binding modes linking DNA compounds [61,62]. Theepblic -OH group of the ligands
may enhance their affinity towards DNA binding thgh formation of hydrogen bonding.
Absorption titration experiments were performedhwitked concentrations of the ligands
HL, and Cu(ll) complexesl{4) (40 uM) while gradually increasing concentration of DNA

in 25 °C at 442, 488, 439 and 453 nm for the ligaftdlL,), respectively and 466, 453, 454
15



and 456 nm for Cu(ll) complexe%-4), respectively. The absorption spectra of thegamnlils
and Cu(ll) complexes with increasing concentratdrCT-DNA in the range800-600 nm
are shown irFig. S11 and Fig. 12respectively.

Upon the addition of increasing amount of CT-DNAsignificant hyperchromic
effect was observed accompanied by a moderate hdtl f 2—-3 nm, indicative of
stabilization of the DNA helix. These spectral @weristic suggest that the ligands and
complexes bind either to the external contact edetatic binding or to the major and minor
grooves of DNA. Moreover, this hyperchromic effeah be explained on the basis of these
two phenomena. The intrinsic binding constanty @ all the ligands (HE) and Cu(ll)
complexes1-4) with CT-DNA were determined using Eq. 2 [63].

The values of Kobtained from the absorption spectral techniqudidands (HLs)
were calculated as 2.68x103.05 x10, 3.52 x10 and 4.62 x10 M, respectively.
The K, values obtained from the absorption spectral teckenfor Cu(ll) complexesif4)
were calculated as 3.06 x¥104.85x16, 5.97x10 and 8.62 x1DM™, respectively. The
binding constant of the complexek4) are comparatively higher than that of the ligands
(HL,) due to formats six ring. The higher values & Hinding constant of the ligands HL
and HL; are due to the presence of electron withdrawinggNG and ClI, respectively, as

shown inFig. 13

Conclusions

The structures of Cu (ll) complexes of ligands (HL,) were confirmed by elemental
analyses, IR'H- NMR, X-ray, molar conductance, mass spectrathrdmal analysis data.
It was found that the electron density on azo dyeig decrease the bending of our ligands
with the receptor (2a91) increase, (HLHLsz> HL,> HL;) and the results confirmed also
that, the azo dye ligands derived from 3-aminophén@fficient inhibitor of 2a91. The
comparison of cytotoxicity indicated that the coexgs (1) and (3) showed much lowegdC
values for HePG2 with cell line and also complefdgsand (2) lower 16 values for MCF-
7 as well as Hg, HL3 ligands and complex (1) were found to exhibitgmbtanticancer
activity which have better activity than compld). By comparing the results obtained of
ABTS antioxidant activity of the azo ligand compads reported in this study compounds
HL,, HL, , HLs and complex (1) and found that copper complexgaind HL; is the only
complex which increase the antioxidant activityrthis ligand and the binding constant of
the complexeslt4) are comparatively higher than that of the ligaftdk,) due to formats
six ring. The higher values of the binding constainthe ligands HL and HL; are due to
the presence of electron withdrawing groups. Catalgxidation of alcohols to the
corresponding aldehydes using Cu complexes wasestudThe synthesized compounds

have antibacterial activity against the Gram-puesitbacteria:Staphylococcus aureus and
16



also against the Gram-negative bactdfscherichia coli andCandida albicans and this is

may be due to the presence of electron withdrawmgps (NQ and Cl).
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Table 1.Physical properties and elemental analysis da@ugil) complexesi-4).

Yield o Exp. (Calc.) %
Compound % M.p."C c H N

4898 | 3.89 | 11.23

[Cu (L)(CAC) HO (1) | 70 235 | 4911) | (4.09) | (11.46)
4755 | 343 | 11.63

[Cull)(OAIHO (2) | 88 | 243 | 47 65) | (369) | (11.91)
[Cu (L3)(OACc)] H:0 (3) 64 260 43.23 2.89 10.65
(43.41) | (3.10) | (10.85)

84 | >300 | 4207 | 2.88 | 13.69

[Cu (L)(OAC) HO (4) (42.26) | (3.02) | (14.09)
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Table 2.Crystal data for complexes (1 and 4)

Complex (1) (4)
Space group p2 p21
Crystal System triclinic monoclinic
Unit-cell dimensions
a i 16.5670 20.2460
b A 11.1560 18.8100
ch 8.4430 15.1780
o’ 93.99 90.00
B° 98.22 99.88
Y° 89.43 90.00
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Table 3. Thermal analysis data of Cu Il) complexes

Temperature range (°C) TG weight loss .
Complext Cu % Assignments
Found (Calc.)
30-140 4.79 (4.91) Outer ,B molecule
1 140-314 17.65 (16.09)|] GBOO
314-800 30.44 (32.46)| AN,
>800 47.16 (46.79) | #HeN + CuO
30-424 21.94 (21.84)| Outer,@ molecule + CHCOO
2 424-800 30.92 (29.78)| &HsN,
> 800 47.08 (48.64)| 46N + CuO
30-109 3.26 (4.65) Outer ,B molecule
3 109-397 16.29 (15.24)| GBOO
397-795 49.59 (49.74)| E7NsClI
>795 30.84 (30.61) | 4FH3+ CuO
30-251 7.07 (4.52) Outer ,B molecule
251-377 20.68 (22.39) | CH;CO+ NGO
4 377-800 24.31 (22.64) | CgH4N
>800 48.02 (50.69) | CsHsN,O + CuO

Rlumbers as given in Table 1.
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Table 4. The thermodynamic activation parameters of decaitipo processes of the

ligands and their Cu(ll) complexes

Temp. range ki) Correlation
Compound (°C) Method E, A -AS* AH* AG* coefficient
(kJ mol™) (s (@ mol* K*) |(kJ mor™) | (kJ mol™) (n
140-342 CR 814 | 8.02x10 | 136x10° 771 | 1.47x16 0.95338
L HM 89.9 1.38x10 | 113 x10° 85.6 1.44 x16 0.92419
' 342-806 CR 408 | 236x10° | 266 x10° 33.7 | 2.59 x18 0.99916
HM 46.8 | 149x16 | 250 x10° 39.7 | 2.52x16 0.99932
124298 CR 81.42 | 2.24x16 | 1.27x10° 78 1.40 x16 0.98318
HL HM 91.3 7.94x10 | 9.77 x10* 87.3 1.35 x16 0.96551
’ 98-80 CR 21.8 | 2.55x10° | 284 x10° 15 2.49 x16 0.9999
HM 29.9 104 x10° | 2.72x10° 23 2.47 x16 0.99959
86312 CR 65.7 5.32x10 | 1.77 x10° 61.7 1.46 x16 0.99158
HM 72.4 9.91x10 | 1.34 x10° 68.5 1.32 x16 0.98151
HL
’ 312-803 CR 25.8 2.10x16 | 1.90x10’ 189 | 1.77x16 0.99831
HM 36.3 3 x10t 2.63 x1¢° 29.4 2.48x10 0.99289
119-172 CR 111 1.98x10° | 1.23x16 107 1.12 x16 0.99717
HM 131 5.52x10* | 3.45x16 128 1.13 x16 0.97945
HL,
172-355 CR 77.1 8.68x10 | 1.55x16 72.6 | 1.56x16 0.999
HM 86.7 2.48x10 1.27 x16 82.2 1.51 x16 0.99472
140-205 CR 90.1 2.93x16 | 8.62 x16 86.4 1.25 x16 0.98087
. HM 96.3 2.78x10 | 6.75x16 92.6 1.23 x16 0.97456
205.952 CR 195 2.21x16° | 1.02 x16 191 1.40 x16 0.9886
HM 195 4.09 x13® | 1.07 x16 190 1.37 x16 0.9946
153.281 CR 58.3 4.88x16 | 1.78 x18 54.2 1.42 x16 0.99724
) HM 66.3 952 x1¢ | 1.54 x16 62.2 1.38 x16 0.98846
282-424 CR 75.5 7.37x10 1.77 x16 70.3 1.81 x16 0.98731
HM 85.5 8.87 x1d | 1.56 x16 80.3 1.78 x16 0.97902
110-237 CR 32.2 1.81x16 | 2.45x16 27.8 | 157x16 0.99768
5 HM 42.2 6.94 x1G | 2.14 x16 37.8 1.51 x16 0.99126
937795 CR 50.9 129x16 | 2.52x16 43.7 | 2.63x16 0.99003
HM 66.1 2.44 x16 | 2.27 x16 58.9 2.57 x16 0.98077
149-251 CR 60.6 1.66 x1d | 1.68x16 56.7 1.36 x16 0.98038
A HM 69.3 4.08x10 | 1.41x16 65.4 1.32 x16 0.98361
251306 CR 181 1.05x10° | 3.75x16 176 1.55 x16 0.98253
HM 191 2.41 x168° | 6.36 x 16 187 1.52 x16 0.98304

®;umbers as given in Table 1.
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Table 5.Selected geometric parameters for comligx

Bond lengths (A)

Bond angles )

C(22)-H(37) 1.115
C(22)-H(36) 1.116
C(22)-H(35) 1.116
C(17)-H(34) 1.114
C(17)-H(33) 1.113
C(17)-H(32) 1.114
C(16)-H(31) 1.105
C(15)-H(30) 1.103
C(13)-H(29) 1.103
C(12)-H(28) 1.104
N(7)-H(27) 1.049
N(7)-H(26) 1.049
C(5)-H(25) 1.104
C(2)-H(24) 1.104
C(1)-H(23) 1.103
C(9)-C(16) 1.353
C(15)-C(16) 1.342
C(14)-C(15) 1.343
C(13)-C(14) 1.343
C(12)-C(13) 1.342
C(9)-C(12) 1.353
O(21)-Cu(18) 1.812
O(19)-Cu(18) 1.806
C(20)-C(22) 1.534
C(20)-0(21) 1.246
0(19)-C(20) 1.581
N(10)-Cu(18) 1.315
O(8)-Cu(18) 1.804
C(14)-C(17) 1.51
N(11)-C(3) 1.276
N(10)-N(11) 1.272
C(9)-N(10) 1.282
C(4)-0(8) 1.37
C(6)-N(7) 1.268
C(6)-C(1) 1.341
C(5)-C(6) 1.342
C(4)-C(5) 1.347
C(3)-C(4) 1.353
C(2)-C(3) 1.346
C(1)-C(2) 1.341

H(37)-C(22)-H(36) 102.932
H(37)-C(22)-H(35) 102.878
H(37)-C(22)-C(20) 103.558
H(36)-C(22)-H(35) 112.767
H(36)-C(22)-C(20) 116.185
H(35)-C(22)-C(20) 116.037
C(22)-C(20)-O(21) 166.695
C(22)-C(20)-O(19) 78.599
0(21)-C(20)-O(19) 88.097
H(34)-C(17)-H(33) 107.859
H(34)-C(17)-H(32) 108.471
H(34)-C(17)-C(14) 110.001
H(33)-C(17)-H(32) 107.168
H(33)-C(17)-C(14) 112.506
H(32)-C(17)-C(14) 110.692
H(30)-C(15)-C(16) 119.197
H(30)-C(15)-C(14) 119.854
C(16)-C(15)-C(14) 120.948
C(15)-C(14)-C(13) 117.732
C(15)-C(14)-C(17) 121.702
C(13)-C(14)-C(17) 120.566
H(29)-C(13)-C(14) 119.401
H(29)-C(13)-C(12) 119.441
C(14)-C(13)-C(12) 121.158
H(31)-C(16)-C(9) 120.364
H(31)-C(16)-C(15) 117.479
C(9)-C(16)-C(15) 122.156
H(28)-C(12)-C(13) 117.038
H(28)-C(12)-C(9) 121.005
C(13)-C(12)-C(9) 121.95
Cu(18)-0(21)-C(20) 109.607
Cu(18)-0(19)-C(20) 95.938
O(21)-Cu(18)-0(19) 66.357
0(21)-Cu(18)-N(10) 121.366
O(21)-Cu(18)-O(8) 118.765
0(19)-Cu(18)-N(10) 117.501
0(19)-Cu(18)-0(8) 115.706
N(10)-Cu(18)-O(8) 110.646
C(16)-C(9)-C(12) 116.034
C(16)-C(9)-N(10) 120.465
C(12)-C(9)-N(10) 123.47
Cu(18)-N(10)-N(11) 112.469
Cu(18)-N(10)-C(9) 115.689
N(11)-N(10)-C(9) 114.831
H(27)-N(7)-H(26) 119.653
H(27)-N(7)-C(6) 120.166
H(26)-N(7)-C(6) 120.182
N(7)-C(6)-C(1) 120.193
N(7)-C(6)-C(5) 120.387
C(1)-C(6)-C(5) 119.417
Cu(18)-0(8)-C(4) 105.712

25




H(25)-C(5)-C(6)
H(25)-C(5)-C(4)
C(6)-C(5)-C(4)
C(3)-N(11)-N(10)
O(8)-C(4)-C(5)
0O(8)-C(4)-C(3)
C(5)-C(4)-C(3)
N(11)-C(3)-C(4)
N(11)-C(3)-C(2)
C(4)-C(3)-C(2)
H(24)-C(2)-C(3)
H(24)-C(2)-C(1)
C(3)-C(2)-C(1)
H(23)-C(1)-C(6)
H(23)-C(1)-C(2)
C(6)-C(1)-C(2)

119.66
118.323
122.015
126.372
119.785
122.116
118.072
122.521
117.543
119.927
120.366
118.547
121.084
120.837
119.697
119.466
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Table 6.Selected geometric parameters for comgx

Bond lengths (A)

Bond angles )

C(21)-H(34) 1.115
C(21)-H(33) 1.116
C(21)-H(32) 1.116
C(16)-H(31) 1.104
C(15)-H(30) 1.103
C(14)-H(29) 1.103
C(13)-H(28) 1.103
C(12)-H(27) 1.105
N(7)-H(26) 1.049
N(7)-H(25) 1.049
C(5)-H(24) 1.104
C(2)-H(23) 1.104
C(1)-H(22) 1.103
C(9)-C(16) 1.354
C(15)-C(16) 1.342
C(14)-C(15) 1.34
C(13)-C(14) 1.34
C(12)-C(13) 1.342
C(9)-C(12) 1.354
0(20)-Cu(17) 1.812
O(18)-Cu(17) 1.806
C(19)-C(21) 1.534
C(19)-0(20) 1.246
O(18)-C(19) 1.581
N(10)-Cu(17) 1.315
O(8)-Cu(17) 1.804
N(11)-C(3) 1.276
N(10)-N(11) 1.272
C(9)-N(10) 1.283
C(4)-0(8) 1.37
C(6)-N(7) 1.268
C(6)-C(1) 1.341
C(5)-C(6) 1.342
C(4)-C(5) 1.347
C(3)-C(4) 1.354
C(2)-C(3) 1.346
C(1)-C(2) 1.341

H(34)-C(21)-H(33) 102.884
H(34)-C(21)-H(32) 102.93
H(34)-C(21)-C(19) 103.568
H(33)-C(21)-H(32) 112.759
H(33)-C(21)-C(19) 116.054
H(32)-C(21)-C(19) 116.165
C(21)-C(19)-O(20) 166.692
C(21)-C(19)-O(18) 78.594
0(20)-C(19)-O(18) 88.098
H(30)-C(15)-C(16) 120.055
H(30)-C(15)-C(14) 119.71
C(16)-C(15)-C(14) 120.235
H(29)-C(14)-C(15) 120.42
H(29)-C(14)-C(13)  120.4
C(15)-C(14)-C(13) 119.178
H(28)-C(13)-C(14) 119.798
H(28)-C(13)-C(12) 120.092
C(14)-C(13)-C(12) 120.109
H(31)-C(16)-C(9) 121.038
H(31)-C(16)-C(15) 116.964
C(9)-C(16)-C(15) 121.992
H(27)-C(12)-C(13) 117.416
H(27)-C(12)-C(9) 120.458
C(13)-C(12)-C(9) 122.125
Cu(17)-0(20)-C(19) 109.608
Cu(17)-0(18)-C(19) 95.937
0(20)-Cu(17)-O(18) 66.357
0(20)-Cu(17)-N(10) 121.518
0(20)-Cu(17)-O(8) 118.968
O(18)-Cu(17)-N(10) 117.426
O(18)-Cu(17)-O(8) 115.497
N(10)-Cu(17)-O(8) 110.553
C(16)-C(9)-C(12) 116.339
C(16)-C(9)-N(10) 123.359
C(12)-C(9)-N(10) 120.27
Cu(17)-N(10)-N(11) 112.381
Cu(17)-N(10)-C(9) 115.713
N(11)-N(10)-C(9) 114.911
H(26)-N(7)-H(25) 119.644
H(26)-N(7)-C(6) 120.165
H(25)-N(7)-C(6) 120.191
N(7)-C(6)-C(1) 120.206
N(7)-C(6)-C(5) 120.37
C(1)-C(6)-C(5) 119.421
Cu(17)-0(8)-C(4) 105.642
H(24)-C(5)-C(6) 119.666
H(24)-C(5)-C(4) 118.319
C(6)-C(5)-C(4) 122.012
C(3)-N(11)-N(10) 126.329
0(8)-C(4)-C(5) 119.779
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O(8)-C(4)-C(3)
C(5)-C(4)-C(3)
N(11)-C(3)-C(4)
N(11)-C(3)-C(2)
C(4)-C(3)-C(2)
H(23)-C(2)-C(3)
H(23)-C(2)-C(1)
C(3)-C(2)-C(1)
H(22)-C(1)-C(6)
H(22)-C(1)-C(2)
C(6)-C(1)-C(2)

122.12
118.073
122.503
117.562
119.926
120.365
118.549
121.083
120.836
119.698
119.466
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Table 7.Selected geometric parameters for comg8)x

Bond lengths (A)

Bond angles )

C(22)-H(34)
C(22)-H(33)
C(22)-H(32)
C(16)-H(31)
C(15)-H(30)
C(13)-H(29)
C(12)-H(28)
N(7)-H(27)
N(7)-H(26)
C(5)-H(25)
C(2)-H(24)
C(1)-H(23)
C(9)-C(16)
C(15)-C(16)
C(14)-C(15)
C(13)-C(14)
C(12)-C(13)
C(9)-C(12)
0(21)-Cu(18)
0(19)-Cu(18)
C(20)-C(22)
C(20)-0(21)
0(19)-C(20)
N(10)-Cu(18)
O(8)-Cu(18)
C(14)-CI(17)
N(11)-C(3)
N(10)-N(11)
C(9)-N(10)
C(4)-0(8)
C(6)-N(7)
C(6)-C(1)
C(5)-C(6)
C(4)-C(5)
C(3)-C(4)
C(2)-C(3)
C(1)-C(2)

1.115
1.116
1.116
1.104
1.103
1.103
1.105
1.049
1.049
1.104
1.104
1.103
1.353
1.342
1.341
1.341
1.342
1.354
1.812
1.806
1.534
1.246
1.581
1.315
1.804
1.726
1.276
1.272
1.283
1.371
1.268
1.341
1.342
1.347
1.354
1.346
1.341

H(34)-C(22)-H(33) 102.89
H(34)-C(22)-H(32) 102.933
H(34)-C(22)-C(20) 103.571
H(33)-C(22)-H(32) 112.758
H(33)-C(22)-C(20) 116.067
H(32)-C(22)-C(20) 116.144
C(22)-C(20)-0(21) 166.69
C(22)-C(20)-O(19) 78.595
0(21)-C(20)-O(19) 88.095
H(30)-C(15)-C(16) 119.351
H(30)-C(15)-C(14) 120.549
C(16)-C(15)-C(14) 120.1
C(15)-C(14)-C(13) 119.331
C(15)-C(14)-CI(17) 120.29
C(13)-C(14)-CI(17) 120.378
H(29)-C(13)-C(14) 120.644
H(29)-C(13)-C(12) 119.416
C(14)-C(13)-C(12) 119.939
H(31)-C(16)-C(9) 120.956
H(31)-C(16)-C(15) 116.977
C(9)-C(16)-C(15) 122.061
H(28)-C(12)-C(13) 117.394
H(28)-C(12)-C(9) 120.377
C(13)-C(12)-C(9) 122.229
Cu(18)-0(21)-C(20) 109.609
Cu(18)-0(19)-C(20) 95.934
0(21)-Cu(18)-0(19) 66.353
0(21)-Cu(18)-N(10) 121.535
O(21)-Cu(18)-O(8) 119.302
0(19)-Cu(18)-N(10) 117.441
0(19)-Cu(18)-0(8) 115.25
N(10)-Cu(18)-O(8) 110.43
C(16)-C(9)-C(12) 116.318
C(16)-C(9)-N(10) 123.394
C(12)-C(9)-N(10) 120.256
Cu(18)-N(10)-N(11) 112.3
Cu(18)-N(10)-C(9) 115.66
N(11)-N(10)-C(9) 115.033
H(27)-N(7)-H(26) 119.643
H(27)-N(7)-C(6) 120.168
H(26)-N(7)-C(6) 120.188
N(7)-C(6)-C(1) 120.197
N(7)-C(6)-C(5) 120.376
C(1)-C(6)-C(5) 119.424
Cu(18)-0O(8)-C(4) 105.557
H(25)-C(5)-C(6) 119.663
H(25)-C(5)-C(4) 118.32
C(6)-C(5)-C(4) 122.015
C(3)-N(11)-N(10) 126.247
0(8)-C(4)-C(5) 119.778




O(8)-C(4)-C(3)
C(5)-C(4)-C(3)
N(11)-C(3)-C(4)
N(11)-C(3)-C(2)
C(4)-C(3)-C(2)
H(24)-C(2)-C(3)
H(24)-C(2)-C(1)
C(3)-C(2)-C(1)
H(23)-C(1)-C(6)
H(23)-C(1)-C(2)
C(6)-C(1)-C(2)

122.134
118.061
122.483
117.57

119.938
120.365
118.558
121.074
120.836
119.695
119.469
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Table 8.Selected geometric parameters for comiipx

Bond lengths (A) Bond angles {)

C(21)-H(36) 1.115 | H(36)-C(21)-H(35) 102.887
C(21)-H(35) 1.116 | H(36)-C(21)-H(34) 102.938
C(21)-H(34) 1.116 H(36)-C(21)-C(19) 103.571
C(16)-H(33) 1.105 | H(35)-C(21)-H(34) 112.764
C(15)-H(32) 1.104 H(35)-C(21)-C(19) 115.992
C(13)-H(31) 1.104 H(34)-C(21)-C(19) 116.212
C(12)-H(30) 1.105 C(21)-C(19)-O(20) 166.676
N(7)-H(29)  1.049 C(21)-C(19)-O(18) 78.602
N(7)-H(28) 1.049 | 0O(20)-C(19)-O(18) 88.076
C(5)-H(27) 1.104 | C(14)-N(22)-O(24) 123.214
C(2)-H(26) 1.104 | C(14)-N(22)-O(23) 123
C(1)-H(25) 1.103 | 0(24)-N(22)-0(23) 113.783
C(9)-C(16) 1.352 H(32)-C(15)-C(16) 117.135
C(15)-C(16) 1.343 H(32)-C(15)-C(14) 121.05
C(14)-C(15) 1.347 C(16)-C(15)-C(14) 121.814
C(13)-C(14) 1.346 C(15)-C(14)-C(13) 116.425
C(12)-C(13) 1.343 C(15)-C(14)-N(22) 121.646
C(9)-C(12) 1.352 C(13)-C(14)-N(22) 121.929
0(20)-Cu(17) 1.812 H(31)-C(13)-C(14) 121.047
O(18)-Cu(17) 1.806 H(31)-C(13)-C(12) 117.29
C(19)-C(21) 1.534 C(14)-C(13)-C(12) 121.663

C(19)-0(20) 1.246 H(33)-C(16)-C(9) 120.722
O(18)-C(19) 1.581 H(33)-C(16)-C(15) 117.066
N(10)-Cu(17) 1.315 C(9)-C(16)-C(15) 122.202
O(8)-Cu(17) 1.804 H(30)-C(12)-C(13) 117.568
C(14)-N(22) 1.258 H(30)-C(12)-C(9) 120.088

N(11)-C(3) 1.276 C(13)-C(12)-C(9) 122.344

N(10)-N(11) 1.272 | Cu(17)-O(20)-C(19) 109.61
C(9)-N(10) 1.283 | Cu(17)-O(18)-C(19) 95.93
C(4)-0(8) 1.37 | 0O(20)-Cu(17)-O(18) 66.366
C(6)-N(7) 1.267 | O(20)-Cu(17)-N(10) 121.17
C(6)-C(1) 1.341 | O(20)-Cu(17)-O(8) 118.263
C(5)-C(6) 1.341 | O(18)-Cu(17)-N(10) 117.75
C(4)-C(5) 1.347 | O(18)-Cu(17)-O(8) 116.576
C(3)-C(4) 1.353 | N(10)-Cu(17)-O(8) 110.492

C(2)-C(3) 1.346 C(16)-C(9)-C(12) 115.522
C(1)-C(2) 1.341 C(16)-C(9)-N(10) 123.561
N(22)-0(24) 1.314 C(12)-C(9)-N(10) 120.888

N(22)-0(23) 1.314 | Cu(17)-N(10)-N(11) 112.325
Cu(17)-N(10)-C(9) 115.509
N(11)-N(10)-C(9) 115.015
H(29)-N(7)-H(28) 119.628
H(29)-N(7)-C(6) 120.176
H(28)-N(7)-C(6) 120.196
N(7)-C(6)-C(1) 120.17
N(7)-C(6)-C(5) 120.367
C(1)-C(6)-C(5) 119.46
Cu(17)-0(8)-C(4) 105.75
H(27)-C(5)-C(6) 119.676
H(27)-C(5)-C(4) 118.331
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C(6)-C(5)-C(4)
C(3)-N(11)-N(10)
O(8):C(4)-C(5)
0O(8)-C(4)-C(3)
C(5)-C(4)-C(3)
N(11)-C(3)-C(4)
N(11)-C(3)-C(2)
C(4)-C(3)-C(2)
H(26)-C(2)-C(3)
H(26)-C(2)-C(1)
C(3)-C(2)-C(1)
H(25)-C(1)-C(6)
H(25)-C(1)-C(2)
C(6)-C(1)-C(2)

121.99

126.356
119.825
122.097
118.049
122.458
117.551
119.982
120.379
118.563
121.054
120.851
119.704
119.445
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Table 9.Calculated quantum chemical properties for thenliga(HL,) and their

complexed
Compound EHOMO ELUMO AE b4 mn [} Pi S (0] ANmax
€eVv) | (eV) | (eV) | (eV) | (eV) | eV ]| (eV) (ev)*! (eV)
HL ; -3.061| -1.841] 1.220 2.451 0.610 1.689 -2.4h1 0.819%.924 4,018
1 -5.002 | -2.944, 2.058 3.973 1.029 0.972 -3.9[73 0.4867.670 3.861
HL -3.218 | -1.838] 1.380 2.528 0.690 1.449 -2.528 0.12%4.631 3.664
2 -5.023 | -2.947| 2.076 3.985 1.038 0.963 -3.985 0.4827.649 3.839
HL 5 -2.733| -1.836] 0.89Q0 2.285 0.450 2.2p9 -2.285 1.11%.818 5.094
3 -4.968 | -2.946| 2.022 3.957 1.011 0.989 -3.957 0.4957.744 3.914
HL 4 -5.479| -1.850, 3.629 3.665 1.8]15 0.5b1 -3.665 0.2763.700 2.020
4
-5.595| -4.502| 1.093 0.547 1.880 -5.049 0.91%3.3189 9.238

5.04|9

Numbers as given in Table 1.
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Table 10.ESR spectral assignment for Cu(ll) complexes (1-3)

compleX | gy g | Ga | G | o | B° [ AX10*] f | K5 | K% | K?
1 2.223|2.059| 2..113| 3.90| 0.69| 0.76| 183 122/ 0.585] 0.645| 0.625
2 2.230| 2.050| 2.110| 4.77/0.75| 0.78| 163 135/ 0.606| 0.634| 0.625
2.121| 5.44 0.76| 0.80| 157 144| 0.612| 0.625| 0.621

3 2.262| 2.050

Numbers as given in Table 1.
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Table 11. ABTS antioxidant activity assay of the klligands and their Cu (Il) complexes

Compound Absorbance of inhibition (%)
samples
Control of ABTS 0.520 0

Ascorbic-acid 0.057 89.0
HL 1 0.069 86.7

HL » 0.056 89.2

HL 5 0.057 89.0

HL 4 0.110 78.8

1 0.067 87.1

2 0.333 36.0

3 0.334 35.8

4 0.383 26.3

fumbers as given in Table 1.
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Table 12. Antibacterial and antifungal activity data of tihgainds (HL,) and complexe%

E. coli S aureus C. albicans
Diameter Diameter Diameter
Compound | of | % | of | % | CCRSE
(mg\ml) inhibition | Activity | inhibition | Activity e 0 y
zone index zone index inhibition index
(mm) (mm) zone (mm)
HL1 7 29.2 10 454 4 154
HL» 11 45.8 16 72.7 11 42.3
HL3 10 41.7 13 59.1 13 50.0
HL,4 2 8.3 8 36.4 - -
1 13 54.2 12 54.5 7 26.9
2 - - 6 27.3 - -
3 - - 3 13.6 - -
4 - - - ] - ]
Ampicillin 24 100 22 100 - -
Colitrimazole - - - - 26 100

*Numbers as given in Table 1.
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Table 13.Cytotoxic activity of HL, ligand and their complex&against human tumor cells.

SR |—I|r<la I\D/grg Cytotoxicity IC sq (H’\g/llénllz)_7

Fluorouracil (5-FU) 7.910.24 5.6+0.13
HL 1 11.0+0.94 19.7+1.18

HL , 8.84+0.68 9.0+0.65

HL 3 9.7£0.76 13.5+1.34

HL 4 11.9+1.13 46.2+4.11

1 11.9+1.05 17.7+1.40

2 58.1+£3.97 85.1+5.52

3 46.1+3.86 90.5+6.36

4 74.0+4.89 97.3+6.27

Numbers as given in Table 1.
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NaN H2504 + Z
RO NH; CCHT R@— N=NCI
0-5 °C

Diazonium Salt

HO

alkaline solutio
0-5 °C NH,
N NH,
< > /
R N
\\
H—O

R= -CHs (HL 1), -H (HL ), -Cl (HL 3) and —NO; (HL 1)

Fig. 1. Structures of the investigated ligan#h_(,).
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N NH,
4
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2
cu—©

Fig. 2. Formation of the complex ligands.
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Fig. 3. Fragmentation patterns of kiligand.
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Fig. 4. Fragmentation patterns of [Cuj(OAc)]H.O complex.
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Copper(l1) complexes of azo amino phenol are prepared and characterized
Quantum chemical parameters of copper(ll) complexes of azo amino phenol
are calculated

The activation energies of the degradation of the Cu(ll) complexes are

caculated



