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ABSTRACT

Two new Cu(ll) Schiff base complexes, [Cu(DIO4), (1) and [Cu(LpNOs]JNO3 (2) of Schiff
base ligand (L = 4,5,9,13,14-pentaaza-benzo[b]hepylen) were synthesized and characterized
by elemental analyses (CHN), FT-IR, Uv-Vis and ootidity measurements. Nano-structure
compounds of the comple® (vere prepared by sonochemicd) &nd solvothermald) methods.
The new nano-structures were characterized by sognelectron microscopy, X-ray powder
diffraction, IR spectroscopy and elemental analy3ée thermal stability of bulk complexes and
nano-sized particles3(and 4) were studied by thermal gravimetric (TGA) and défeial
scanning calorimetry (DSC) analyses. CuO nano-pkasi were obtained by calcination of the
nano-structure complexes at 450 °C. The comparaleetrochemical studies show that the
copper complexes give quasi-reversible reductioocess in CHCN solution. The free Schiff
base and its metal complexes have been screenadhtibacterial activities and the result show
that the metal complexes are more active thamets $chiff base ligand.
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INTRODUCTION

Schiff bases are considered as a very importass a& organic compounds which have wide
application in many biological aspects. Some Sdbeffes were reported to posses antibacterial,
antifungal and antitumor activities [1-2]. The ts#gion metal complexes with Schiff bases as
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ligands are of paramount scientific interest, doetheir multiple implications [3].These
complexes play important role in the developingcobrdination chemistry related to catalysis
and enzymatic reactions, magnetism and moleculzritactures as well as for liquid-crystal
technology [4-5]. 1,10-Phenanthroline-5,6-dioneofpdis a versatile ligand for the assembly of
metal organic materials. There are several readortain be used directly as a bis-chelating
ligand, and be prepared starting from an alreadyptexed phenanthroline. The diketone
functionality can also easily be transformed toeotbhelating groups such as a diamine or a
dioxime. Moreover, it is also a versatile organitkér that can form bridges through amine
condensation or a combination of coordination aokdensation [6]. 1,10-Phenanthroline-5,6-
dione is a chelate ligand containing an o-quinoidiaty which has many interesting
characteristics. Many condensation reactions betwe® o-quinoid moiety of pdon and a
diamine group have been reported [7]. 5,6-Diamifid®1 phenanthroline (phen-diamine) is
particularly important in that it can either dirgdbridge two metal centers or be condensed with
a variety of ortho-quinones to form addition detives. For example, the useful bridging ligand,
tetrapyrido[3,2-a:2',3",2"-h:2" 3"'-j|phenazifpphz), is readily formed upon condensation of
phen-diamine with 1,10-phenanthroline-5,6-dione e(pdione) [8]. These reactions are
important in biological systems because they anecial steps in biosynthesis, cellular
biochemistry, metabolism, pharmacology and medici@epper Schiff base complexes are
amongst the most versatile catalysts known for erggjon reactions. The role played by copper
ions in the active sites of a large number of nh@pabteins has stimulated efforts to design and
characterize copper complexes as models for arhattderstanding of biological systems. [9].
Macroscopic properties of materials strongly dependoth the size and the morphologies of
the microscopic particles they are made up fromis T especially true for materials with
morphological features smaller than a micron ideast one dimension, which is commonly
called nano-scale materials, or simply nanomaterlal these materials the ratio of surface area
to volume is vastly increased when compared to @amg@s with larger grain sizes and quantum
mechanical effects such as the “quantum size gffieegin to play a significant role. These
effects only play a minor role when going from nwad¢o micro dimensions, but become
increasingly important when reaching the nanomesiee range [10]. Thus synthesis and
characterization of nano-structures with differguarticle sizes and morphologies are very
important both from the viewpoint of basic scielasawell as for technological applications [11].
Nanoparticles have attracted great interest inntegears because of their unique chemical and
physical properties, which are different from thadesither the bulk materials or single atoms.
Nano-materials have potential applications in olgiteonics, catalysis, and ceramics and so on
[12]. Among these materials metal oxide nanopatsiere of technological importance for solar
cells, chemical sensors and liquid crystal displ§}®-14]. CuO, as an important p-type
semiconductor with a narrow band gap (1.4 eV), re®ived great attention owing to its
important properties and widespread applicatior®d. [Metal complexes built from metal ions
and polydentate organic ligands have been growidlyaim recent years owing to their potential
applications. So far, however, the studies on gmheses of nano- or microscaled structures
with metal complexes as precursors have been épssted. Especially, much fewer studies on
the preparation of CuO nanomaterials have beewmeed on copper complexes. The way using
copper complexes as precursors may be helpful tupulkate the purity and morphology, and
optimize the properties of CuO nanomaterial [12)eDo the outbreak of the infectious diseases
caused by different pathogenic bacteria, the ssisnare searching for new antibacterial agents.
In the present scenario, nanoscale materials hmerged up as novel antimicrobial agents
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owing to their high surface area to volume ratid #re unique chemical and physical properties
[15-16]. In recent years, the use of inorganicraitiiobial agents has been attracted interest for
the control of microbes. The key advantages ofgaoic antimicrobial agents are improved
safety and stability, as compared with organicraiatiobial agents [16-17]. This work deals with
the synthesis and characterizations of new copgercoOmplexes of Schiff base ligand
(4,5,9,13,14-pentaaza-benzo[b] triphenylen). Namees particles as well as bulk compounds
were prepared using sonochemical and solvotherraliods. The antibacterial activity of Schiff
base and its copper (ll) complexes are reportednsigahe three gram-positive bacteria:
Streptococcus pyogenes (RTCC 1949japhylococcus aureus (RTCC 1118)d Bacillus
anthracis(RTCC 1036)Microorganisms were cultured on Muller- Hintoraagnedium.

EXPERIMENTAL SECTION

Material and Physical mesur ments

All reagents and olefins were purchased from Meanohl Fluka and used as received without
further purification. Solvents used for reactionsrgvpurified and dried by conventional method
[18]. Copper (ll) perchlorate hexahydrate were pased from Aldrich. 1, 10-Phenanthroline-5,
6-dione was prepared according to the reported addtt®]. The Schiff base ligand (4,5,9,13,14-
pentaaza-benzo[b] triphenylen) was synthesizedrdoup to the literature [20]. Caution: The
perchlorate salts reported here are potentialljosiyge and, therefore, should be handled with
care.

Elemental analyses (carbon, hydrogen and nitrofgerihe compounds were determined with an
Elementar CHN Analyzer Vario El lll. Infrared (FT)Rpectra were recorded using KBr discs
on a Shimadzu FT-IR model Prestige 21 spectromktelting points were determined using an
electrothermal apparatus and were uncorrected.UNWis spectra in 200-900 nm range were
obtained in CHCN on a Perkin-Elmer lambda 25 spectrophotometdre Tonductivity
measurements were carried out in acetonitrile imnrotemperature using a Metrohm
conductometer instrument. TGA were carried out ddeitler-Toledo TGA 851e at a heating
rate of 10 °Cmift under a nitrogen atmosphere. The DSC thermogedrtiee compounds were
obtained on a Mettler-Toledo DSC 822e module, whies calibrated with indium metal (T =
156.6 + 0.3,AH = 28.45 + 0.61 JY. Samples of 2-5.8 mg in solid form were placed in
aluminium pans (4Qul) with a pierced lid, and heated or cooled at ansmte of 10 °Cmih
under nitrogen flow. Cyclic voltammmograms (CVs)rev@btained using an Autolab modular
electrochemical system (Ecochimie, Ulterecht, Thethidrlands) equipped with a PGSTAT 20
module and driven by GPES (Ecochimie) in conjunctiath a three- electrode system and a
personal computer for data storage and processingAg/Ag Cl (Saturated KCI)/ 3M KCI
reference electrode, a Pt wire (counter electraa®) a glassy carbon working electrode,
(Metrohm 0.0314 cf) were employed for the electrochemical studies.ltaviometric
measurements were performed at room temperaturacieonitrile solution with 0.1 M
tetrabutylammonium perchlorate as the supportiregctedlyte. An ultrasonic generator (Dr.
Hielscher UP400 S ultrasonic processor) equippeld an H22 sonotrode with diameter 22 mm,
operating at 24 kHz with a maximum power output46D W, was used for the ultrasonic
irradiation. The ultrasonic generator automaticadlgjusts the power level. X-ray powder
diffraction (XRD) measurements were performed usiihilips diffractometer manufactured by
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X’pert with monochromatized CuKradiation. The nano-sized complexes were chataeter
with a scanning electron microscope (SEM) (PhiXhs30) with gold coating.

Preparation of copper complexes

General procedure: To an ethanol solution (5 mLjnetal salt (copper perchlorate or nitrate)
(0.5 mmol), an ethanol solution (10 mL) of L (0.283 1 mmol) was added. The resulting
solution was refluxed for 2 h. The resultant caotbselution was left at room temperature. The
product was removed by filtration, washed with egblbsolute ethanol and recrystalized from
methanol or acetonitrile and dried in vacuo.

[Cu(L)21(ClO4)2 (1)

Yield: 0.22 g (53%). Anal. Found fors@;sCuChbN;00g: C, 49.37. H, 2.24. N, 16.95. Calcd: C,
49.29. H, 2.18. N, 16.90. m.p: 267 °C. FTIR (KBsa)i 3079, 1645, 1610, 1586, 1080, 625'cm
A= 252 pS. UV-VisXmadnm): 698, 372, 357, 306, 296, 272.

[Cu(L)2NO3NO3 (2)

Yield: 0.15 g (58%). m.p: 247°C. CHN. Found fos8:sCuN;,O¢: C. 54.20, H. 2.45, N. 22.33.
Calcd: C. 54.15, H. 2.41, N. 22.28. IR (KBr): 302655, 1608, 1588, 1494, 1360, 1112, 820
cmt A= 110 uS. UV=VisXmna/nm): 716, 373, 356, 306, 296, 272.

Preparation of [Cu(L)2](ClO,), (3) nanoparticles by sonochemistry method

10 ml of a 0.1 M solution of Cu(CKp6H,O in EtOH were positioned in a high-density
ultrasonic probe, operating at 24 kHz with a maxmpower output of 400 W. In to this
solution 10 ml of a 0.2 M solution of the ligandidas added dropwise. The obtained precipitates
were filtered off, washed with methanol and theniedir in air. Anal. Found for
C34H1sCUChbN10Og: C, 49.34. H, 2.24. N, 16.94. Calcd: C, 49.292H8. N, 16.90. m.p: 267 °C.
IR (KBr disc): 3078, 1645, 1610, 1586, 1080, 625'cm

Preparation of [Cu(L)2](ClO4)2 (4) nanorods by solvother mal method

Cu(CIlQy)2.6H,0 (0.185 g, 0.5 mmol) and ligand (L) (0.283 g, 1 ohinwere dissolved in 15 ml
EtOH (15 ml). The solution was charged into a Trefioed stainless steel autoclave and heated
at 150°C for 24h. After the autoclave was cooledhediately to room temperature, the product
was filtered and dried and characterized. Anal.ngofor G4H1sCuChbN;Og: C, 49.35. H, 2.23.

N, 16.96. Calcd: C, 49.29. H, 2.18. N, 16.90. n267 °C. IR (KBr disc): 3078, 1645, 1610,
1586, 1080, 625 cth

Antibacterial activity test of ligand and complexes

The in vitro activity test was carried out using thell method [21]. The potency of components
was determined against the three Gram-positiveebactStreptococcus pyogendRITCC
1949), Staphylococcus aureugRITCC 1113) andBacillus anthracis (RITCC 1036).
Microorganisms (obtained from enrichment culturetioé microorganisms in 1 ml Muller-
Hinton broth, incubated at 37 °C for 12 h) weretweld on Muller- Hinton agar medium. The
inhibitory activity was compared with that of stand antibiotic, such as gentamicine (ig).
After drilling wells on medium using a 6 mm corkrbo 100 uL of solution from different
compounds were poured into each well. The platee wecubated at 37 °C overnight. The
diameter of the inhibition zone was measured tonderest millimeter. Each test was carried out
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in triplicate and the average was calculated fhibiion zone diameters. A blank containing
only methanol showed no inhibition in a preliminaegt. The micro-dilution broth susceptibility
assay was used for the evaluation of minimal inbrigiconcentration (MIC). After incubation at
37 °C for 24 h the first tube without turbidity waketermined as the minimal inhibitory
concentration (MIC).

RESULTSAND DISCUSSION

The ligand 4,5,9,13,14-pentaaza-benzo[b] triphenylg), has been obtained by [1+1]
cyclocondensation between 1,10-phenanthroline-mBedand 2,3-diaminopyridine. The ligand
L readily reacts with Cu(%)nH,O (X= CIO,;, NOs, n= 6 and 3, respectively) in ethanol to
produce the corresponded copper (1) complexeslpad @) (Fig. 1). The complexes were
characterized by elemental analyses (CHN), UV-FBR spectroscopy and molar conductivity.
These complexes were found to be fairly solublm@thanol, acetonitrile, DMF and DMSO and
display good stability in the air at room temperatu

| A
N_ _N _N
| N ~ (Clo,),
ZNN | SN
Pz
1)
I\ ONO,
NN, /N\|/N NN
| P Cu NO,
NN |\N/ \N N NP
=

2
Figure 1: Suggested structure of the Cu (I1) complexes

The infrared spectra of free ligand and their cames recorded in the region 4000-400"cm
The spectra data for the complexes confirm theicyaature of the ligands in their metal
complexes and show a band at 1646-1657, attributable to the imine groups, and no bands
due tov(C=0) vibrations. The spectra exhibit medium baatl$609—1612 cthas expected for
the ring vibrations of the coordinated phenantneland 1585-1588 chvibration as expected
to pyridine [22]. The FT-IR spectra of all complexsompared with of the ligand, indicates that
the v(C=N) band at 1602 crhis shifted to higher frequency by 7-10 ¢rin the complexes,
indicating that the ligand are coordinated to thetahions through the nitrogen atom of the
phenanthroline group [22]. The IR spectra for tleechlorate complexes showed absorptions
attributable to the perchlorate ions at approxifyate85 and 625 cih[23]. The lack of splitting

of these bands suggests that the perchlorate aarensot coordinated [22]. CompleR) (show
bands in 1494 cth(v1), 1360 cni (vs), 1112 cn (v2), and 820 crl (ve) regions indicating the
coordination of nitrate group [24,25]. The sepamtdf ~134 crit betweenvy & vs indicates
unidentate coordinating nature of nitrate group.[2bthe complexZ) an intense band at 1384
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cm® attributable to ionic nitrate, is also present][ZBhe molar conductivity data at room
temperature show 1:2 and 1:1 electrolytic natunesdmplex L) and @), respectively [27].

The absorption spectroscopic behaviour of compoyibdand @) were studied in CECN. All

of the complexes exhibit three absorption band85&-270 nm and 320-380 nm, due to the
ligand centredi—n* transitions or charge transfer (CT) transitio@8][ The appearance of broad
absorption band at 698 in the spectrum of the cexfl)) which are assigned to d-d transitions,
suggests that the coordination geometry at the Ineetacould be distorted from square planer
[29]. In complex ) observed absorption band at 716 nm can be askignsquare pyramidal
geometry around the metal centre [24, 30]. Nanactires of(1) were obtained by both
ultrasonic irradiation3) and solvothermaklj in an ethanolic solution, respectively. IR spaaif
the nano-structures are indistinguishable. ObtaikB® data show that XRD pattern of bulk
compound 1) is the samdn comparison with the XRD pattern of complex @) and (4)
prepared by the sonochemical and solvothermal mdsthcespectively. The obtained data
indicates that the compounds obtained by both hlgdrmmal and sonochemical processes as
bulked complex are an amorphous phase. The sizheoparticles is 48-56 nm, which is in
agreement with that observed by scanning electricrostopy (Fig. 2).

"W&

i Aeev wpoth Wi ———+—g U
VR0V Qi 9 Wt 31 Cu-Sol & &

Figure 2: SEM images of nanoparticles (3) (top) and nanorods 4 (bottom) as produced by ultrasound
irradiation and solvothermal respectively
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Thermal decomposition of the nano-sized particleglpin air at 450 °C produced CuO nano-
structures. Fig. 3 shows the SEM image of the Cabrstructures.

v v

Y

Oiiee

FigS: EM image of CuO n pticlasprepared b Ivothermal

Fig. 4 shows the X-ray diffraction (XRD) pattern thfe prepared CuO nano-structures. CuO
nano-structures have shown the most crystallingtyalise of the existence of sharp peaks in the
XRD pattern. The phase purity of the as prepare® Gano-structures is completely obvious
and all diffraction peaks are perfectly indexedtite monoclinic CuO phase with the lattice
constants comparable to the reported data (JCPD$1D4). No characteristic peaks of
impurities are detected in the XRD pattern. Thealdleming of the peaks indicated that the
particles were of nanometer scale.

Counk
1500 4CUO.SD 111

1000

311

Position ["2 Theta]
Figure 4: XRD pattern CuO nanoparticles prepared by solvother mal
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Cyclic voltammograms (CVs) of the complexd3 and @) were recorded in acetonitrile and
with 0.1 M tetrabutylammonium perchlorate as suppgrelectrolyte in the potential range -2 to

+0.1V. Typical CVs of {) are shown in Fig. 5.
400
300 +
200 -
100 -
D -
-100 -
-200 -
-300 -
-400 -
-500 T T T
-2 -1.5 -1 -0.5 0

I(pA)

Figure 5: Cyclic voltammograms of a 10° M solution of (1) in acetonitrile, in presence of 0.1 M
tetrabutylammonium per chlorate (TBAP), using working electrode: glassy-carbon, reference el ectrode:
Ag/AgCI; auxiliary dectrode: platinum wire, scan rate 100 mV.

Upon sweeping the voltage to oxidizing potentiaks complex 1) undergoes one electron quasi-
reversible AE, = 280 mV) redox process (Table 1) which can beilaed to the Cl/Cu" couple
(E=-0.45 V, E=-0.73 V). Anodic and cathodic peak#£0.71 V and E -0.95 V) is observed
at nearly the same potential value as the correpgriigand and may be due to irreversible
redox process of the ligand.

Table 1: Electrochemical data for copper (I1) complexesin CH;CN solution

Complex Ee(V) Ex(V)  AEA(MV)  infipc  Ei’

@) -0.453 -0.733 280 0.89 -0.59
) - -0.660 - - -

®) -0.447 -0.725 278 0.89 -0.59
() -0.450 -0.729 279 0.89 -0.59

°AE, = EpcEpa at scan rate 100 mV
®Data from cyclic voltammetric measurements; B calculated as average of anodigEand cathodic (F) peak
potentials = E1/2= 1/2 (R+Eyo)

Obviously the separation betweEpincreases as the scan rate increases and tiarisoteristic

of a quasi-reversible system. There is a lineatigiship between the cathodic and anodic peaks
currents and the square root of the scan ndf® (n the 100-450 mVs range (Fig. 6). This
behavior is typical for an electron transfer precesntrolled by diffusion. The complg®)
exhibited one irreversible reduction peak relae€d'/Cu reduction (&= -0.66 V) in addition

to the ligand peaks.
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Figure 6: Plot of anodic and cathodic currentsvs. the square root of sweep rate (v?) for (1) complex.

To examine the thermal stability of the nano-sizsinplexes and the corresponded bulk
complex, thermal gravimetric analyses (TGA) andedéntial scanning calorimetry (DSC)
analyses were carried out between 25 and 850 “@static atmosphere of nitrogen. Enthalpy
changes and decomposition temperatures of Sche#f bigand and related copper (lI) complexes
are tabulated in Table 2. The TGA data indicate tte complex 1) start decomposition at 285
°C. There is no mass loss up to 200°C, indicatheg either water or solvent molecules are
absent in this complex. On the base of DSC obtante#d, nano-sized comples)(start to
decompose at 232.48 °C. Detectable decompositiotheofnano-complex of [Cu(k])(ClOy).
starts about 45 degree (Table 2) earlier than dhats bulk counterpart, probably due to the
much higher surface to volume ratio of the nanediparticles as more heat is needed to
annihilate the lattices of the bulk compounds.

Antibacterial activities (zone of growth inhibitioand minimal inhibitory concentrations) of

Schiff base ligand, their related complexes andageitine (as a standard compound) are shown
in Table 3. The organisms used in the present figa®n includedStreptococcus pyogenes
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(RITCC 1940),Staphylococcus aurey®ITCC 1885)andBacillus anthracis(RITCC 1036) as
gram-positive bacteria.

Table 2: Thermoanalytical (enthalpy changes and decomposition temper atures) results of free Schiff base
ligand and related Cu(l1) complex

Complex  T4C°) AHYJgh)  TL(°C)
&) 277.95 28.51 285
) 309.06 63.63 315
©) 232.48 53.64 240
@) 233.06 59.23 242

¢ Data obtained from first DSC cycle.
Data obtained from TGA; 10 °C mirunder N gas

The obtained data reflect that the free Schiff Has® moderate activity in comparisasith S.
pyogenesandS. aureusand good activity towardB. anthracis The complex(1) is moderately
active (inhibitory zones >15mm) against two gransippee bacteria. The collected results in
Table 3 indicated that the compléR is weakly active again€®. pyogeneéinhibitory zones <
15 mm). The complex2) has better activity tharfl) against three tested bacteria. The
antibacterial activities of both nano complex@s4) are similar with complex?2); this is
probably because of diminishing of the size of ipkatin complexeg3-4) in comparison with
complex(1).

Table 3: Antibacterial activities (zone of growth inhibition and minimal inhibitory concentrations) of Schiff
base ligand and copper (11) complexes and gentamicine (as a standard compound)

Microorganism

Method corwp?(;r&n ds Stereptococcs Baci!lus Staphylococcus
Pyogenes (+) anthrcis (+) aureus (+)
L 16 25 17
Growth Inhibitory zone () 13 20 20
[mm] ) 18 25 25
3) 18 25 25
(4 18 25 25
Standard Gentamicine 13 32 13
o o L 25 12.5 25
Minimum |nh|t_)|t0ry ) 50 25 25
concentration

(mg/mI)(MIC) 2 25 12.5 12.5
(€)] 25 12.5 12.5
(4 25 12.5 12.5

The antibacterial activities values for the fredi8dase ligand are lower than those found for
the complex2). It appears that the coordination of metal iofsthiff base ligand increases the
antibacterial activity of the corresponded Schiffsé. The activity of comple2) may be
explained on the basis of chelation theory; chetatieduces the polarity of the metal atom
mainly because of partial sharing of its positiverge with the donor groups and possible
electron delocalization within the whole chelategri Also, chelation increases the lipophelic
nature of the central atom which subsequently fitsrpermeation through the lipid layer of the
cell membrane [31]. The antibacterial results shibweat all of the synthesized compounds
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exhibit most activity against th&.aureusin comparison with standard antibiotic and amdrey t
complexes, the complex€2-4) were found to be relatively active towards thrested gram-
positive bacteria. The quantitative assays gave MilDes in the region 12.5-50 mgh(Table
3), that confirmed the above obtained results.

CONCLUSION

Cu(ll) forms complexes of composition [Cugl(ClO,), (1) and [Cu(L}NO3]NO3 (2) where L is
the Schiff base ligand of 4,5,9,13,14-pentaaza-t@hzriphenylen. Nano-sized of complexes
(3) and (4) were obtained by both solvothermal and ultrasoniadiation, respectively and
characterized by common physicochemical as welKRB and SEM techniques. Calcination
under air atmosphere of comple® produces nano-sized particles of CuO. The antobiel
activities show that the free Schiff base ligand hederate activity against three gram positive
bacteria. The complex2 has good activity against three gram-positivetdrge while has
moderate activity again§treptococcupyogenesThe complex?) shows better activity against
all tested bacteria in comparison with free Schiétse ligand and gentamicine, except against
Bacillus anthracign which gentamicine shows relatively better atyivThis study demonstrates
that the coordination compounds may be suitableupsers for the preparation of nano-scale
materials. The sonochemistry method may have saidansages such as: it takes place with
shorter reaction times and produces better yield.
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