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Abstract

New mono- , bi- and trinuclear metal complexes aflif, Mn(ll), Fe(lll),
Co(ll), Ni(l1), Cu(ll), Zn(ll), Cd(ll) and UQ(VI) with a new Schiff base ligand 3H;
((E)-2-hydroxy-N'-(4-(2-hydroxyphenyl)-4-oxobutanyidene) benzohydrazide ¢H)
have been synthesized. The ligand and its metalplex®s were characterized by
elemental analyses, IRH NMR, electronic, ESR and mass spectra, condigtamd
magnetic susceptibility measurements as well asnidleanalyses. The metal complexes
exhibited octahedral and tetrahedral geometricangements. Kinetic parameters,,(E
A, AH, AS andAG) of the thermal decomposition stages have beatua&ed using
Coats—Redfern equations. Structural parametershefsiynthesized compounds were
calculated on the basis of DFT level implementedtha Gaussian 09 program and
Hyperchem 7.52 and correlated with the experimetdith. The antimicrobial activity of

present compounds was screened against Gram—pds#oteria $taphylococcus aureus

andBacillus subtili3, Gram—negative bacteri&gImonella typhimuriurandEscherichia
coli), yeast Candida albicans and fungus(Aspergillus fumigatys The antitumor
activity of the ligand and its Ni(ll) and Cu(ll) ogplexes was investigated against HepG2

cell line.



Keywords. Polydentate Schiff base;Acetoacetylphenol; Mono-, bi- and trinuclear
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1. Introduction

A large number of 1,3-diacarbonyl compounds arehef great interest in the
synthesis of metal complexes with broad spectrumphairmaceutical activity [1,2]. 1,3-
diacarbonyl compounds are good precursors for yiméhesis of a diversity of Schiff
bases and hydrazones through reactions with atyasfeamines and hydrazines [3,4].
These ligands and their metal complexes have difteapplications in different fields
such as bioinorganic chemistry, material scienaglygsis, separation and encapsulation
processes, hydrometallurgy, formation of compouniis unusual properties and metal—
metal interactions [5-8]Metal complexes of thesBchiff bases have numerous applications
including antibacterial, antifungal [9—-1Hntitumor [12] anticonvulsant [13] anti-HIV [14]
and antiviral activities [15,16].They can be used as an efficient materials in the
polymerization reactions, functional dyes and pigtee medical and pharmaceutical
areas [17,18]. Several applications have beenectldr these complexes in chemical
analysis [19], absorption and transport of oxyge@] [and in pesticides [21]. There is
great interest about multi-dentate ligands bec#usie binding selectively can be altered
subtly by having the ligand enforce a specific spatrrangement of donor atoms [22].
The aim of work is to synthesize a new Schiff bdgand, ((E)-2-hydroxy-N'-(4-(2-
hydroxyphenyl)-4-oxobutan-2-ylidene) benzohydrazided its metal complexes with
chromium(lll), manganese(ll), iron(lll), cobalt(ll) nickel(ll), copper(ll), zinc(ll),
cadmium(ll) and dioxouranium(VI) ions. The struasirof the ligand and its metal
complexes were characterized by using elementalthadnal analyses, IRH NMR,
electronic, ESR and mass spectra in addition tonetig susceptibility and conductivity
measurements. Kinetic parameters of the thermabrdposition stages have been
evaluated using Coats-Redfern equations. Moleauladeling was carried out for the
ligand and its complexes and the results were ledec with the experimental data. The
antimicrobial activity of the ligand and its compés was screened against selected kinds
of bacteria and fungi. Finally, the antitumor aityi\f the ligand and its Ni(ll) and Cu(ll)

complexes was investigated against HepG2 cell line.



2. Experimental

2.1. Materials
o-Acetoacetylphenol and 2-hydroxybezohydrazied waepared following the

literature procedures [23, 24Metal acetates, metal indicators, EDTA disodiunt,sal
ammonium hydroxide and nitric acid were either BDHMerck chemicals. Organic

solvents were reagent grade chemicals and werewitigolit further purification.

2.2. Synthesis of ((E)-2-hydroxy-N'-(4-(2-hydroxyphenyl)-4-oxobutan-2ylidene)
benzohydrazide (HL).
The new Schiff base (Scheme 1) was prepared bygadehcetoacetylphenol (2

g, 11.22 mmol) dissolved in absolute ethanol (40 tol2-hydroxybezohydrazied (1.71g,
11.22 mmol) in absolute ethanol (40 mL). The reactnixture was stirred for 6 h and a
yellow precipitate is formed upon cooling the smatto room temperature. The product
was filtered off and washed with few amounts ofeti then diethylether, air-dried and
recrystallized from ethanol and the yield was 1.P#%). The analytical and physical

data of the ligand (Scheme 1) and its metal congslexe listed in Table 1.

2.3. Synthesis of the metal complexes

A hot 30 mL ethanolic solution of the metal saltswgradually added to the
solution of the ligand (40 mL) in 1:2 (L: M) molaatio. The mixture was heated under
reflux for 7 h during which the solid complex prgitated. The precipitate was filtered
off, washed with ethanol or methanol then diethlikee and finally air-dried and stored in
an evacuated desicator over anhydrous calcium idelofhe following representative

examples are given in details.

2.3.1. [(H3L)Ni(OAc)(H 20),].0.5C,Hs0H, 5

To 0.5 g (1.60 mmol) of the ligand dissolved thrBL ethanol, was added 0.797¢g
(3.20 mmol) of Ni(OAc)- 4H,0O dissolved in 30 mL ethanol with stirring. Thecgan
mixture was heated under reflux for 7 h. The priéaip was filtered off, washed with
ethanol then ether and finally air-dried. Yields @. (65%).



2.3.2[(H2L)(UO,)2(OAC),], 9

To 0.5 g (1.60 mmol) of the ligand dissolved thrBL methanol, was added
1.358g (3.20 mmol) of ULOAC),- 2HO dissolved in 30 mL methanol with stirring. The
reaction mixture was heated under reflux for 7 lme Precipitate was filtered off, washed
with methanal then ether and finally air-dried. Mie0.5 g (31%).

2.4. Analytical and physical measurements

Elemental analyses were carried out using Vari&lEmentar at the Ministry of
Defense, Chemical War Department in Egypt. Analysfethe metals followed the same
procedure as described previously. Analyses ofntie¢als followed decomposition of
their complexes with concentrated nitric acid. Teultant solution was diluted with
bidistilled water and filtered. The solution wagnhneutralized with aqueous ammonia
solution (except iron(lll) complexes) and the medals titrated with EDTA [25-27]. IR
spectra were recorded using KBr discs on FT IR Nic6700 spectrometer. Electronic
spectra were recorded as solutions in DMF or Nujallls on a Jasco UV-Vis
spectrophotometer model V-550 UV-Vi&H NMR spectra were recorded at room
temperature by using a Bruker WP 200 SY spectramBienethylsulfoxide, DMSO-g
was used as a solvent and tetramethylsilane (TM3)nainternal reference. The spectra
were extended from O to 18 ppm. The chemical skdjtare given down field relative to
TMS. D,O was added to every sample to test for the démtraif the samples. ESR
spectra of the complexes were recorded at an Ee¥800, Bruker company. However,
the mass spectra were recorded at 70 eV on a Gamatographic GCMSgp 1000 ex
Shimadzu instrument. The magnetic susceptibilityasneements were carried out at
room temperature using a magnetic susceptibilitarizzz of the type Johnson Matthey,
Alfa product, Model No. (MKI). Effective magneticaments were calculated from the
expressiontes = 2.828 §um.T)Y?B.M., where v is the molar susceptibility corrected
using Pascal’s constants for the diamagnetisml@itains in the compounds [28]. Molar
conductivities of 18 M solutions of the solid complexes in DMF were sw@ad on the
Corning conductivity meter NY 14831 model 441. The-DTG measurements were



carried out on a Shimadzu thermogravimetric analyzelry nitrogen atmosphere and a
heating rate of 20 °C/min using the TA-50 WS1 paogr

2.5. Antimicrobial activity

The standardized disc-agar diffusion method [29\88% followed to determine
the activity of the synthesized compounds agahessensitive organisn&aphylococcus
aureus (ATCC 25923) andBacillus subtilis(ATCC 6635) as Gram positive bacteria,
Salmonella typhimuriunfATCC 14028) ancEscherichia coliATCC 25922) as Gram
negative bacteria ar@andida albicans(ATCC 10231) andAspergillus fumigatusas
fungus strain. The antibiotic chloramphenicol waesdias reference in the case of Gram-
positive bacteria, cephalothin in the case of Greagative bacteria and cycloheximide in

the case of fungi.

2.6. Antitumor Activity
Cell toxicity was monitored on HepG2 cells by detming the effect of the test

samples on cell morphology and cell viability actog to literature method [31].

3. Results and discussion

The IR spectrum of the free ligand exhibited thcearacteristic bands at 3437,
1628 and 1558 cihthat may be assigned t(O-H), v(C=N) and v(C==0) +
v(C==C) groups, respectively (Table 2) [4,31].

Electronic spectral data of the ligand in DMF (T&l3)) displayed two bands at
34,843 and 23,041 ¢ The first band may be due tarfitransitions of the azomethine
linkage and the aromatic benzene ring. The secamt bmay be assigned toTth-
transitions of the C=0 group and/or charge transéasitions within the molecule.

'H NMR spectrum of the frd@and, dissolved in DMS@, presented in Figure 1,
showed two signals at 11.79 and 13.42 ppm, whicl beassigned to phenolic OH
protons, (Scheme 1). The two signals observed .881&nd 10.38 ppm may be assigned
to NH protons in tautomer | (Scheme 2). Signal ol at 2.21 may be assigned to

methyl protons. The aromatic protons were obseinethe range of 6.79-7.94 ppm.



Based on NMR spectral data, it was concluded tieatigand exists as tautomers | and |l
in solution.

The mass spectrum of the free ligand showed thecutar ion peak ain/z 312
confirming its formula weight (F.W 312.32). The mdsagmentation pattern, presented

in Scheme 3, supported the suggested structureefiand (Scheme 1).

3.2. Metal complexes

Reactions of the current ligand with Cr(lll), Mry(IFe(l1l), Co(ll), Ni(ll), Cu(ll),
Zn(ll), Cd(l) and UQ(VI) ions, in the molar ratio 1:2 (L: M), yieldedano-, bi- and
trinuclear complexes. The prepared complexes ablestat room temperature, non-
hygroscopic and insoluble in water and most commi@anic solvents. The elemental

analyses of the metal complexes agreed well witptoposed formulae (Table 1).

3.2.1. IR spectra

The IR spectral data of the metal complexes atedigh Table 2. The IR spectra
of the complexes were compared with that of the figand in order to resolve the
coordination sites that may be involved in chelatibhere are some guide peaks in the
spectrum of the ligand, which were helpful in aeimg this goal. Comparison of the IR
spectra of the metal complexes with that of the firgand revealed that the broad band
around 3437 cihwhich was assigned tgOH) stretching modes indH was observed in
the spectra of all complexes with higher broadriasthe range 3272-3470 émThis
influence was attributed to the effect of coordiorat of hydroxyl oxygen and/or
coordinated or uncoordinated water molecules aatstiwith the complexes. The
presence of coordinated or uncoordinated water cutde were confirmed by elemental
and thermal analyses. The band assign@d3o—-°) + v(¢~-C) at 1558 crit exhibits red
shift in the range 9- 37 chfor Cu(ll), UOx(II), Co(ll) Zn(ll), and Ni(ll)- complexes,
suggesting the participation of the carbonyl oxygerhelation [32]. However, Cr(lll),
Fe(lll), Mn(ll) and Cd(ll) complexes display a blshift to higher frequencies in the
range 5-10 cm. This might understanding in the light of HSAB r@asoft acid base)

concept, some metal ions prefer coordination witlygen centers and other favored



nitrogen coordinating centers. This interpretatsupported by the negative slope of
NC=0)versus v (M-O); v M-O = -1818.2 — 0.820C—=0, r =0.96, n = 5, excepfl|(2,
4 and?7) i.e., increasing the strength of M-O bond ordecoanpanied by elongation of

C=0 (decrease the bond strength according to Guts\éonds variation rules [33].

The azomethine groug(C=N) band which appeared as a medium peak at t628in
the spectrum of the ligand appeared at lower wawdeun for some complexes in the
range 22-54 cth Nevertheless3(C-N) deformation mode (1480 éhdisplays a red
shift in the range 7-56 cmfor all the complexes, except for Mn(ll)- and NI
complexes which has higher frequency 1496 and t499 respectively compared with
that of the free ligand. This approves in the pgrétion of the azomethine group of the
enol form (see Scheme 2) in chelation [34]. Thisssmuence confirmed by the linear
relationship of UC=N) with UM-N), vM-N = 1304.3 — 0.59MC=N, r =0.94, n = 6,
except 8, 5 and8). The negative slope emphasized that increasmdttN bond strength
go along with the bond weakness of C=N. Moreovee, new bands appeared in the
ranges 503-594 and 426-483 trthose assigned to(M-O) andv(M-N), respectively
[35-37].

Complexesl and 4 -7 showed new bands at (1687-1600) and (1389-1345) cm
which may be assigned tas{(COO) and vsyn{COO) of the acetate group. The
difference between the two bands indicates the ohemate nature of the acetate group
[38-40]. On the other hand, complex2sand 9 showed new bands characteristic for
vasyr{COQO") andvsyr{COO') of the acetate group in ( 1600 and 1601) an®gldnd
1497) cm’, respectively. The difference between the two bafi®4 crif) indicates a
bidentate fashion of the acetate group [38-40]mf@lex 3, displayed new bands at 1383
and 1146 cm, which may be assigned to the monodentate Nffoup [41,42]. The
dioxouranium(VI) comple® showed a strong band at 912 tmhich may be assigned
to thev3(UOy) [35,36,43]. The value ofs is utilized to calculate the force constant (F) of
(O=U=0) by using McGlynn and Smith relation [44]hd calculated force constant is
6.867mdyn/A. The U-O distance is also calculatedusiyng Jones relation [45]. The
value of R_o is 1.738 A. The calculated,k and R_o values are consistent with the

reported range for the uranyl complexes [46].



The molar conductivity values of the metamplexes at room temperature (Table
3) are in the range 6.8-32@™ cn? mol™ indicating that all complexes have non
electrolytic nature [47]. This finding is consistenith the infrared spectral data that

showed the coordinated nature of acetate and egrgibns.

3.2.3. Electronic spectra and magnetic moment measurements

The electronic spectral data of the metal complex&MF solution and/or Nujol
mull, and magnetic moment at room temperature reddisted in Table 3.

Comparison of the UV-Vis spectra of the currentahebmplexes with that of the
free ligand, showed the persistence of the ligaauadb in all complexes. However, the
bands were slightly shifted to blue or red regiohthe spectrum in all complexes. Also,
new bands were observed in the spectra of the ex@phwhich are listed in Table 3.

The electronic spectrum of Cr(Ill) compléxshowed three absorption bands in the
visible region at 22371, 21834 and 17301 ‘cthose assigned to MLCT'T,4(F)
—"Ax(F) and*T14(F) < “Ax((F) of d-d transitions of the octahedral geomé#g,49].
Whereas the third d-d transition band which is @ 14(P) « “Ax4(F) transition lies in
the range of the ligand transitions that predicad3628%&m™. The ligand field
parameters of the Cr(lll) complex in progress hasrbcalculated using Tanab—Sugano
diagrams B 414.5cm®), 10Dq (1730 cmi) and B (0.40). The measured magnetic
moment value found to be 3.82 B.M analogues to gpm-only of three unpaired
electrons.

The spectrum of Mn(ll) compleX showed a series bands at 22173, 20576, 19960
and 16807 ci, these bands assigned’®,((G) «— *Tog,  “Tig(E) « *Tag, “Tog(G)

— *Thgand*T14(G) « Ty transitions, respectively, which corresponds teteahedral
structure. The calculated ligand field parametérthe current Mn(ll) complex are found
to be : B 675.5cm), 10Dq 0935cm™) andp (0.60). The magnetic moment has low
of Mn(Il) complex (5.11 B.M) due to metal-metalerdction [50].

The electronic spectrum of Fe(lll) compl@&showed three absorption bands at
19608, 18450 and 17637 @mThe former band could be assigned to a chargsfea
band and the later bands can be assigne@Atg(l) « *Togand ?Tyy(F) « 2T



electronic transition [51]. The value of the magn@toment of compleR is 4.72B.M.,
which is less than expected for octahedral Fe¢idinplexes (5.92 B.M.), suggesting an
equilibrium between the high spin and low spin abetdral species in the ratio 79.73%
[52].

The electronic spectrum of Co(ll) compléxexhibits two bands at (21413, 19268
cm 1). The first band at 21413¢mmight assignedTyq (P) < T1g (F),(vs), Whereas the
second band at 19268 th’A,q (F) «— *T14(F) (v2) assigned to the transition, suggesting
that there is an octahedral geometry around thdl)Ciof. This emphasized by the
magnetic moment valugler = 5.74 B.M, the higher value may be due to orbital
contribution, that related to high spin octahed@dmetry around cobalt(ll) ion [42,53].
Thev; band not observed, but it can be intended anddfet®132 cm'. The calculated
ligand field parameters were B (2636m10Dq (913 crif) andp (0.27), within the range
reported for octahedral structure [52].

The UV-Vis spectrum of Ni(ll)-comple® exhibits four bands 31250, 24450, 22831
and 17482 ci. The higher energy band, 31250 tassigned to m* and the band at
24450 cni suggested for MLCT. Whereas the other two bandiymsd t0°T;((F)
3A2(F) and®T14(P) — °A.4(F) transitions, representing octahedral strucfagj. This
finding was further emphasized by the measured etagmoment at 3.18 B.M., which
lies in the range (2.9-3.3 B.M) of the Ni(ll) octdral complexes [54]. The spectral data
provide the ligand field parameters: B (501 9ml0Dq (8654 cril) andp (0.46), and the
first transition band3,T2g (3] <—3A29 (F), in the spectrum predicted at 37129%cm

The electronic spectrum of the Cu(ll) comp@showed one band at 16,313tm
that may be assigned to’E§ «°T»g) transition corresponding to distorted octahedral
geometry [55]. The effective magnetic moments & @u(ll) complex is 2.20 B.M.,
which is consistent with one unpaired electro?) [63]. This interpretation supported by
the X-band ESR spectrum thfe Cu(ll) complex, that recorded in the solid estait 25°C.
The spectrum exhibits one broad band (Figure 2) git= 2.05 and g = 2.30 the profile
of the spectrum is consistent with the octahedzahwetry [56].



The zZn(ll) 7 and Cd(I)8 complexes are diamagnetic as expected and disptay
absorption bands for Zn(Ilj at 24570 and 21930 émand 24691, 22371 and 21186
cm* for Cd(ll) 8 complex. These bands might attributerte> z * and n— = * transitions
in the vicinity of the Schiff base ligand, in addit to MLCT transition.

The electronic spectrum of Y1) complex9 showed two absorption bands at
24631 and 20767 chjust similar to that found for Zn(Il) complék The lower energy
band might arises from metab ligand charge transfer (MLCT) and/or apical oxygen
—F° (U) [57]. However the other band in the UV regicould be attributed to-n n*
electronic transition in the vicinity of ligand Theagnetic moment measurement of the

UO,(VI) complex9 refers to the diamagnetic behavior as expected.

3.2.4. Thermal analysis

The simultaneous thermal gravimetric analysis (T@RA)netal complexes studied
from ambient temperature to 800 in nitrogen atmosphere were depicted in Figs 3-5.
TGA help to explore the associated water or solvesiecules to be in the inner or outer
coordination sphere of the central metal ion. Caxgtl, 2, 4 5, 6 and9 were taken as
representative examples for thermal analysis. Témults of thermal analysis were
summarized in Table 4, the data given are in gogebeament with the theoretical
formulae suggested from elemental analyses.

The thermogram of Cr(lll) compled exhibited that the compound

exhibited three decomposition stages. The firglesia the temperature range 46-101
which correspond to the weight loss of half nonrdomated water molecule (weight loss;
Calc./Found%; 1.12/1.11). The second stage ingtmpérature range 103-1€0 which
match to the loss of two-coordinated water molesuleeight loss; Calc./Found%;
4.87/5.18). However, the third stage which occurred between 1802€34which
correspond to the loss of two-coordinated watereawdes and half C4€OOH molecule
(weight loss; Calc./Found%o; 8.94/8.88).

The thermogram of complekshowed two weigh losses in the ranges 45*@C90
and 190-51CC. The first stage observed at DTG peak = 4@4hat corresponding to
four coordinated water molecules (weight loss; CRtmnd%; 16.25/16.05). The second

10



stage at DTG peak = 398 which analogues to the loss of threesCBOH molecules
(weight loss; Calc./Found%,; 24.44/24.30).

The thermogram of complex shows three decomposition stages, 20c7B4-
279 and 280-799C. The first stage corresponds to half non-coatdia ethanol
molecule (weight loss; Calc./Found%; 4.74/4.17)e BHecond stage in the temperature
which suggest loss of two coordinated water antl @idkCOOH molecules (weight loss;
Calc./Found%; 13.72/13.83). The last stage in émeperature range 280-799 which
analogues to the loss of half gEODOH andC;4H;0N.O; molecules (weight loss;
Calc./Found%; 59.20/59.04).

In order to access the influence of the type oftie¢al on the thermal behavior of
the complexes, the order and the activation parameters of the various mposition
stages were determined from the TG thermogramgyusia Coats-Redfern equations
[52].

The order i) and thermo kinetic parameters: activation endgy, enthalpy
(AH*), entropy AS*) and free energy changes@*) of the thermal degradation of the
complexes are are calculated as described elsevameldabulated in (Table 5) [34].
Inspection of the data in Table 5 advocate, theiohg remarks:

The negative values &fS* indicate that the activated complex is more mrde
than the reactants and/or the reactions are sl8v This interpretation emphasized by
the negative slope of the linear relationship gf,#ersusAS*, EgafeV = -6.43 — 0.058
AS*, r = 0.97, n =5 all TGA points included. i.excreasing the calculated energy gap
(vide infrg that reveal high stable complex was accompanyethdwre ordered complex
(-ve AS*). Furthermore, the negative slope of the congpigvo (measures the stability
of the complex) with the entropy changesjlo/eV = -3.75 - 0.012AS*, r=0.98,n=4
except Cu(ll)-complex, supported decreasing of ogytrwith the increasing of the
complex stability. Consequently, the rate of decosipn decreases with the increasing
of the stability of complexes [59]. Additionallyhe positive slope of the relationship of
computedAH; againstAS*, AH; = 1.92 e5 + 846.AS*, r = 0.999, n = 3 except Cr(ll)-
and Cu(ll)-complexes, reveals again that less stabimplex (highAH;) is easier to

decompose (less —ve valuesA&*)

11



The positive values ohH* mean that the decomposition stages are endotberm
Increasing the stability of complex, leads to dases the binding coordination sphere
with the hydrated water molecules, so they will érmsier to remove from the outer
sphere. This interpretation emphasized by the {aesof EajeV versusAH*; Egap=
9.67 — 0.072AH*/kJ.mol*, r =0.996, n= 4, except Cu(ll)-complex. This meanat th
increasing the stability of complex (high.g accompanied by effortless dehydration of
water molecules.

The positive sigh oAG* values indicates autocatalytic effect of metals on the

thermal decomposition of the complexes and non-tspeous processes

3.2.5. Mass spectra

The molecular ion peaks observed in the mass rgpettfree ligand and some
complexes2- 5, 8 and9 taken as representative examples are confirmed gheposed
formulae. Figures @&nd 7 depicts the mass spectra of compl&asd5 and the mass
fragmentation pattern of compl&shown in Scheme 4. Complex2and4 showed the
molecular ion peaks ab/z 540 and 738 respectively which agree well with fbrmula
weights of the non-hydrated or non-solvated comgdex[(HL)Mn(OAc),] and
[(H2L)Cox(OAC)4(H20)4]. This agrees the proposed formulae of these complase?2:1;
M:L. However, complexe8, 5, 8and9 displayed the molecular ion peaksnaz 964,
488, 827 and 986, respectively are in consistetih Wie proposed formulae weights
calculated for [(HL)FgNO3)s(H20)6].2H20, [(HsL)Ni(OAc)(H20),]. 0.5GHsOH,
[(H3L)2Cd].5H0 and [(HL)(UO2)2(OAC),].H,O complexes, confirming with 1:3, 1:1,
2:1 and 1:2; M:L stoichiometry.

3.2.6."H NMR spectra

'H NMR spectral data of the metal complexes Zn(H)J§ and UQ(IV) dissolved
in DMSO-s, given in Figure 1 and summarized in Table 6 exdb signals at
(13.88,14.12) and (13.87,15.41) ppm in Zn(ll) and{I respectively, which may be
assigned to two phenolic OH protons which indidhtg OH group indicating that OH
group don't participate in the coordination. In J08) complex only one OH proton was

appeared in the spectrum at 13.68 ppm and the otfeewas not observed indicating its

12



participation in the coordination. The two signalserved at 13.00, 12.4 and11.71 ppm
may be assigned to NH protons (tautomer |l is damin(Scheme 2). Signals observed
at 5.28, 5.41 and 6.06 in Zn(ll), Cd(ll) and V) respectively attributed to CH=CN
(olofinic proton) and this confirm that the tautaniieis more predominant in the solution
while in the solid state the tautomer | is predamin(Scheme 2).

Based on the above interpretation of different wicall and spectral data, the

proposed structures of the metal complexes aresepted in Figure 8

4. Molecular Orbital Calculations

The molecular structures were elucidated on thesbafs the spectral, molar
conductance, magnetic susceptibility and TGA ddieclvdesignated that the octahedron
geometry for the current complexes. All moleculatcalations were performed in the
gas phase for the elucidated structures of theligaad and its metal complexes except
uranyl-complexe® (see Figures 9-12The free liganchas been geometrically optimized
by means of Density Functional Theory (DFT) using B3SLYP and the basis set 6-31G
level, provides by the Gaussian 09 program. Howevtiee metal complexes are
geometrically optimized, on the basisR¥3 level using semi-empirical implemented on
Hyperchem?/.52program as a result of the complication of the gmes of metal ion and
higher molecular mass, which requires unavailakdekatation in our lab. The utility of
guantum chemical descriptors such as heat of fasmatipole moment and frontier
molecular orbitals (highest occupied molecular tatband lowest unoccupied molecular
orbitals energies) are collected in Table 7 in ielattng the structure of the current
compounds.

The frontier molecular orbital (FMO) contributiors very important in
determining the charge-separated states of thaestudolecules because the relative
ordering of occupied and virtual orbital provideseasonable qualitative indication of
excitation properties and provides also the abibtyelectron hole transport [48]. The
energies of the frontier molecular orbitals of ségdmolecules are given in Table 7. A
comparison between the bond lengths of the ligand #s metal complexes was
demonstrated in Table 8. It is well known that tH&MO and LUMO energies and

energy gaps are weightily relative to optical atetteonic properties.
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The detailed data of absolute energy of the fesrdrbital calculated by DFT for
the free ligand. The distributions and energy lewaélthe HOMO-2 (-6.569 eV), HOMO-
1(-5.930 eV.), HOMO (-5.212 eV), LUMO (-1.659 eV)UMO+1 (-1.074 eV) and
LUMO+2 (-0.272 eV.) orbitals were computed at tH#1 BP/6-31G level for the current
ligand. Both the highest occupied molecular orbitBHOMOSs) and the lowest-lying
unoccupied molecular orbitals (LUMOSs) are mainlgdlized on the rings of both sides
as shown in the contour plots of the frontier alsitof the free ligand Figure 13
(HOMO& LUMO density), indicating that the HOMO aneostly therrantibonding type
orbitals. The HOMO orbitals are mainly delocalized the o-acetoacetyl moiety and
Schiff base linkage part, while the LUMO orbitale anainly delocalized on phenyl rings
of both sides. Namely, electron transitions arerasponding to the m and 1t - 1T
electron transitions. The value of the energy sapar between the HOMO and LUMO
for the free ligand (3.55 eV).and this low energyp andicates that the current ligand is
potentially interesting for electronic transitions.

It is well established that HOMO orbitals accodmt the Lewis basicity [49],
whereas LUMO orbitals characterize the Lewis agidi\ccording to the frontier
molecular orbital approximation, high value qfdmo infers that the molecule or ligand
can easily release electrons to the unoccupiedabidii the metal ion, indicating strong
Lewis base [49]. However, high fuo suggest that the metal ion can easily accept
electrons from the occupied orbital of the ligamugicating strong binding affinity.
Furthermore, the extent of Lewis Acid-Base intdmactof the current compounds
analogues to & values (Gap = ELumo- Enomo) Which are linearly correlated with the
stretching vibrational frequencies w€=0, EpJeV = 255.56 — 0.161¥C=0O/cni’, r
=0.98, n = 4, except: Mn(ll), Cu(ll), Zn(ll) and @J-complexes. The negative slope
emphasized that, increase the stability of the dexnaccompanied by the elongation of
of the carbonyl group (hypsochrmic shift of the raittonal frequency). However,
AH¢/Kcal/mol = -5816 + 37 .152C==0/cm™, r = 0.96, n = 5 exceft, 2, 6, 8 and9
complexes. The positive slope indicates again itt@atasing of heat of formatioAH;
(relevance to weaktability of complex) lead to blue shift of the xational frequency of
vc==0bond (weak interaction of the carbonyl group towatite metal ion).

Furthermore,comparison between the bond lengths of the freantigcoordinating
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centers and their corresponding values in its metahplexes (Table 8) demonstrates
elongation of the coordinating centers after camation (C=Q, 1.216 (free ligand) —
1.502 A (Fe(lll)-complex and C=N1.301(free ligand — 1.519 °ACd(ll)-complex)),

which agree well with the Gutmann’s bonds variatioles [33]

The vibrational analysis of the current free ligghidL) is performed on the basis of the
characteristic vibrations of functional groups n®délhe vibrational frequencies
calculated given in parenthesis have been sumndanz@able 2. Comparison between
the calculated and the observed vibrational spéwttps us to understand the observed
spectral features. Comparison of the frequenciksileded by B3LYP with experimental
values reveals the overestimation of the calculatbchtional modes due to neglect of
anharmonicity in real system.Inclusion of electomnrelation in density functional
theory to a certain extent makes the frequency eglsmaller in comparison with
experimental valuesThe linear relationship betwtéenexperimental and the calculated
characteristic IR bandsExp/cm* = 1.013vCalc/cm® -18.74, R = 0.999, supports the
assignments of the characteristic IR bands

Furthermore, the linear correlation between theuwated dipole moment (u)
versusthe vibrational frequency 6fy.o, U/D = -84.119 + 0.209y.n/cmi?, r= 0.973, n =
7, exceptl and9 complexes. The positive slopes put forward ineeeaf the - values

was accompanied by increasing the M-N bond strength

5. Antimicrobial Activity

The Schiff base ligand and its metal complexes vgereened for antimicrobial
activity against Gram positive bacteri§. (aureus G+1 andB. subtilis, G+3, Gram
negative bacteriaS( typhimurium, G-&ndE. coli, G-2 and fungi(C. albicans, YandA.
fumigates, F)andthe results are listed in Table 10. The ligandigh factive againss.
aureus G+1 andS. typhimurium, G-lwhereas intermediate or low active against other
microorganisms under investigation. Inhibition wiasind to increase with increasing
concentration of metal complex as shown in Table 9.

However, the activity of the current complexes toWwathe screened
microorganisms could be summarized: compleshowed high activity toward3acillus

subtilis (G+2) andCandida albicans (Y)while complexe$ and8 showed high activity
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toward Staphylococcus aureugG+1) and complex8 showed high activity towards
Bacillus subtilis (G+2). Whereas, complexe8: and 6 showed high activity against
Candida albicangY). Complexe<2, 6 and9 showed moderate activity towar@scillus
subtilis (G+2). Complexes4, 5 and 8 showed moderate activity towar@almonella
typhimurium(G-1). But complexeg, 8 and9 showed moderate activity towar@sandida
albicans(Y).

Stability of the complex play again an importaneron biological activity of the
current complexes as deduced from the linear oglahiips of the IR data versus the data
in Table 9. The negative slopes of the stretchiibgational frequencies of the carbonyl
or azomethine group (higher hypsochromic shift vah¢ to higher Lewis acid-base
indicators) versus the biological activity agaiegther Y1 or G+2, ve=g/cm™* = 1603 -
109.5¢1, r = 0.97, n= 6 excef®, 4, 5 andG"™ = 18.02 — 0.01tc-n/cm', r = 996, n =4
exceptl, 2, 6, 8 and9 complexes.

It was noticed in elucidating the microbial actyvib find a correlation of Frontier
orbitals energy HOMO, LUMO andyfk, with the biological activity of the screened
organisms yield: fomo/eV = -5.059 — 4.41@+2, r = 0.99, n = 4 excefl, 2, 7 and9
complexes. The negative slope reveals decreasmditiiogical activity toward gram
positive with the increasing ofygwmo (less stability). This interpretation emphasizgd b
the positive slope of the linear correlationggf,, that relevance to stability of complexes
against the biological activity toward the currenicroorganism: gy /eV = 5.145 +
4.772G-1r = 0.981, n = 5; i.e., the biological activity enlsad towards gram negative
and gram positive with the increasing of compleabgity. Furthermore, the extent of
electrondonating properties of ligand to the meial (ED) is linearly correlated with a
positive slopeversusthe data in Table ®€D/Kcal.mol* = 5.146 + 4.77, G-1r=0.98
n =5 andeD (y) = -1.642e +05 + 7.267e+05G+H1= 0.998, n = 4 except compléx
The enhancement of bacterial activity of liganceiafthelation can be attributed to the
positive charge of metal ion that partially or cdetely neutralized by the ligand anion
and/or shared with donor atoms present on ligandpmssibler-electron delocalization
over the whole chelate ring. This, in turn, incesathe lipophilic character of the metal
chelate and favors its permeation through the lipigers of the bacterial membranes

resulting in interference with normal process. Timserpretation supported by the
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positive slope of the linear correlations of thpalé moment against the data in Table 9:
Dipol moment (y) = -3.633 + 24.043 G+#25 0.986 n =5 and Dipol moment = -16.29 +
40.67 k,r=0.97,n =5.

6. Antitumor Activity

The anticancer activity of the Schiff base liganad aits Ni(ll) and Cu(ll)
complexes was determindad vitro against human cancer cell line liver Carcinoma
(HEPG2). Table 10 schedules the values ofp,I€ompared with the standard drug
doxorubicin The ligand and its complexes showed lower actiatd the order of
activity is as follows: Cu(ll) complex > Ni(ll) coptex >H;L ligand. The difference in
activity of the complexes indicates that the typen may be the reason for the different

anticancer activity [60].

7. Conclusion

A new Schiff base ligand was synthesized and cheniaed. Mononuclear
complexes were obtained in case of Cu(ll), Ni(IBn(ll) and Cd(ll) ions. The
coordination sites of Cu(ll) complex is O,N,O,Qesitwhile Ni(ll) and Zn(ll) complexs
coordination sites are O,N,O sites and Cd (ll) ciexghowed M:L ; 1:2 molar ratio.
binuclear complexes were obtained in case of Cidh(Il), Co(ll) and UQ(VI) ions.
The coordination sites is O,0,0,0 sites. Trinuclkewenplex in case of Fe (lll) complex.
The coordination sites of is O,0,N,O,O sites. Thergetrical structures were proposed
for metal complexes such as octahedral structuralfocomplexes except Mn(ll) and
Zn(ll) complexes showed tetrahedral arrangemenhe#@ parameters of the thermal
decomposition stages have been evaluated using-Redfern equations. The molecular
parameters of the ligand and its metal complexe® Heeen calculated and correlated
with the experimental data. The antimicrobial attivwf the ligand and its complexes
were investigated. The antimicrobial activity ofetlligand and its complexes was
investigated. The antitumor activity of the ligagad its Ni(ll) and Cu(ll) complexes was

investigated against HepG2 cell line.
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Table 1. Analytical and physical data for transition mstabmplexes of gL ligand.

No. Reaction Color Yield M.P Elemental analysis, % found/(calc.)
Complex (%) °C
M. F. [F. Wi] c H N M
HaL [(H3D)][312.32] Yellow 91 188 64.40 5.05 9.02 -
CoHidNOs (65.37) (5.16)  (8.97)
1 HsL + Cr(OAck-H,O  [(L)Cry(OAC)4(H20),].0.5H,0 Brown 75 >300 40.94 4.10 3.76 14.85
(41.13) (4.69) (3.83) (14.21)
C25H34N2016 5Cr2 [730.06]
2 Hsl + Mn(OAc), 4H,O  [(HL)Mn(OAc),] Orange 90 >300 4597  3.73 4.64 20.01
o iHagNOGMIT [538.26] (46.86)  (3.74) (5.20) (20.41)
211 1201N28! 2 .
3 HsL + Fe(NQ)s.- OHLO  [(HL)Fez(NOs)g(H20)e].2H,0 Brown 75 >300 20.46 2.92 11.33 16.90
CoHoaNeOscF e, [993.447) (20.55) (2.94) (11.28) (16.91)
170 1291N8V 30 .
4 Hgl + Co(OACh-4H,0  [(H3L)Cox(OAC)(H20)4] Yellowish 82 >300 39.79 3.43 3.81 15.30
CoHaNOuC0, [738.42] brown (40.66)  (4.91) (3.79) (15.96)
5 HsL + Ni(OAC),4H,0  [(H3L)Ni(OAc)(H;0),].0.5GHsO  Greenish 65 >300 49.62 4.20 5.78 11.75
HCpoHoeN0p.oNi [488.10] yellow (49.21) (5.16) (5.73) (12.06)
6 Hal+ Cu(OAc)-H,O  [(H3L)Cu(OAc)) Olive green 65 >300 4893  4.27 6.63 12.71
(51.06) (4.48) (5.67) (12.86)
Cp1H22N,05CU [493.95]
7 HaL+ Zn(OAc)-2H,O  [(H2L)Zn(OAc)] Yellow 85 >300 51.90 4.10 6.60 14.30
(52.42) (4.16)  (6.43) (14.93)
C1gH1gN,06Zn [435.35]
8 HaL+ Cd(OAC).2H,0  [(H3l).Cd].5H,0 Yellow 50 >300 49.18 4.19 6.85 13.08
(49.52) (4.89) (6.79) (13.58)
C34H40N4013Cd [824.71]
9 HsL+ UO,(OAC),.2H,O  [(H2L)(UO,)(OAC),].HO Brown 75 >300 25.36 2.23 3.00 -
(25.57)  (2.24) (2.84)

C1H2:N,043U, [986.41]




Table 2. Characteristic IR spectral data of the ligandl Bind its transition metals complexes chelates.

No. complexes IR Spectra (cm)
vV(OH) VvNH vC=N ,C=0 vy C=N vM-O vM-N Other bands
Hzo / +
EtOH/ y C=C
phenolic
HilL 3437 3254 1627 1558 1480 - - 1334 (1346), 1292 (1267), 1224
(3286* (1619 (1579 (1462, (1208), 1162(1195),1070(1065)
1 [(L)Cry(OAc),(H,0),].0.5H,0 3406 3270 1606 1563 1451 594 442 1687;v,s(COO), 1398;v, (COO);
543 (monodentate OAC)
2 [(HL)Mn(OAc),] 3426 3285 1501 1567 1450 531 426 1600;v,s (COO), 1496,v, (COO);
(bidentate OAC)
3 [(HL)Fey(NOs)s(H20)g]. 2H;,0 3373 - 1603 1568 1510 593 483 1383, 1146y(NO;) (monodentate)
1468
4 [(HoL)Cox(OAC)s(H,0)4] 3376 3260 1590 1560 1424 560 470 1680;v4s (COO), 1345;v, (COO);
(monodentate OAc)
5  [(HsL)Ni(OAc)(H,0),].0.5GHsOH 3410 3294 1599 1564 1499 532 463 1683;v, (COO), 1394;v, (COO);
(monodentate OAc)
6 [(HsL)Cu(OAc)] 3470 3183, 1599 1521 1501 540 446 1620;v, (COO), 1376, (COO);
3063 1447 417 (monodentate OAC)
7 [(HsL)Zn(OAc)] 3429 3252 1600 1549 1502 549 430 1600;v,s (COO), 1379;v, (COO);
1473 (monodentate OAC)
8  [(Hsl),Cd].5HO 3463 3281 1606 1566 1496 532 466 -
1470 429
9  [(HaL)(UO,)A(OAC)].H,0 3272 3190 1601 1574 1468 503 439 1601;v, (COO), 1497;v, (COO);

(bidentate OAc) and 912{0=U=0)

* vibrational bands in paranthesis computed orbigs of semiemperical PM3 level by means of Hypert 7.52.



Table3. Electronic spectra, magnetic moments and moladwctivity data of thélsL ligand and its complexes

Electronic spectral bantigm) Heompt” Her®  Conductance

No. ~ Complex B.M. B.M. (Q*cnf mol?)
Hal (34,843,23,041) - - 125
1 [(L)CrAOAc)y(H;0),.0.5H,0 (22,371,21,834,17,309) 6.50 3.82 6.80
2 [(HL)Mn3(OAc),] 20,576 (22,172,20,576,19,960,16806) 7.23 5.11 31.60
3 [(HL)Fey(NO3)g(Hz0)e]. 2H-0 19,608, 18,450, 17,636 8.17 4.72 32.80
4 [(H:L)CoxAOAC)s(H20)d] 21,413, 19,2638 8.12 5.74 13.50
5  [(HsL)Ni(OAC)(H20),].0.5CGHsOH (31,250, 24,450, 22,831, 17,482) 3.18 - 26.70
6  [(HsL)Cu(OAcy] (16,313f 2.20 - 9.44
7 [(H3L)Zn(OAC)] (24,570,21,930) - - 20.70
8  [(HsD).Cd].5H0 (24,691,22,371,21,186) - - 22.30
9 [(H2L)(UOy)x(OAC),].H-0 (24,630,20,746) - - 8.75

#Nujol mull.

® Solutions in DMF (13 M).
“concentrated solutions

¢ Heompl. IS the total magnetic moments of all cationthie complex.
®Uett. iS the magnetic moment of one cationic speciebercomplex



Table4. Thermal gravimetric results of thelHligand and its metal complexes

Compound DTG Temperature Decomposition product lost  Weight loss (%)
peak (°C range (°C) (formula weight) found (calculated)

[(L)Cry(OAC)4(H,0),].0.5H,0 1 80 46-103 -0.5H,0 1.11 (1.21)

134 103-180 -2H,0 5.18 (4.87)

359 180-434  -2H,0+ 0.5CHCOOH 8.88 (8.94)
[(HL)Mn,(OAc),] 2 270 221-296  -CH;COOH+CO 16.05 (16.29)

339 297-391 - CH;COOH+G4H13N,0, 55.38 (55.71)
[(HoL)Cox(OAC),] 4 114 45-190 - 4H,0 9.30 (9.70)

393 190-510 -3 CH;COOH 24.44 (24.30)
[(H3L)Ni(OACc)(H,0),].0.5GHsOH 5 60 20-70 -0.5 GHsOH 4.17(4.71)

246 84-279 -2H,0+ 0.5CHCOOH 13.83 (13.72)

346 280-799  -0.5CH,COOH +GH;oN,O;  59.20 (59.04)
[(HsL)Cu(OAc)] 6 312 292-345  -2CH;,COOH 25.05(24.84)

419 345-475 - Cy;3H1,0sN, 43.92(44.65)
[(H2L)(UO,),(OAC),].H0 9 85 47-153 -H,0 1.85(1.83)

406 154-605 -CH;COOH+CO 8.14 (8.92)

736

Table5. Temperature of



decomposition, and the kinetic of metal complexes

Complexes Step T (K) A E AH AS(kJ AG (kJ

(ShH (kJ mor'™) (kJ mor'™) mol-1K?) mol™)

[(L)Cr(OAC)y(H,0),.0.5H,0 1 First 353 31.09 29.40 26.63 -0.094221 33.287
Second 407 22.46 61.71 58.33 -0.22994 93.640

Third 631 68280.59 92.53 87.29 -0.1669 102.41

[(HL)Mn »(OAc),] 2 First 543 154939.97 121.135 161.62 -0.15885 86.416
Second 613 46.587 44.896 39.80 -0.22728 139.36

[(H,L)Co,(OAC),] 4 First 387 73.29 8.16 4.92 -0.21972 85.04
Second 666 45.17 43.48 37.95 -0.22823 152.04

(HsL)Ni(OAC)(H;0),].0.5CGHsOH  First 333 26.539 24.851 22.082 -0.22688 75.573

5

Second 519 37.671 35.983 31.67 -0.22766 118.19

Third 619 2.616x1Y8 205.19 200.043 - 0.0407 25.408

[(HaL)Cu(OAc)] 6 First 585 1.3243x18 283.787 278.923 0.107234 62.453
Second 692 84.95 86.466 80.715 -0.22329 154.597

[(H,L)(UO,)»(OAC),].H,0 9 First 357 6.774 5.088 2.120 -0.23882 89.559
Second 679 10.557 8.871 3.226 - 0.24047 163.285




Table 6:'H NMR spectra of the Schiff baselH ligand and its Cd(Il), Zn(ll) and USVI) complexes.

CH CH3
AN 3 = ‘
OH o} HN\ OH OH N
N
NH - |
HO
o)
HO
Ketoform Enol form

HO



'H NMR Chemical shifts

n m
H,L ligand Zn(I1) complex IOIOCd(II) UO(1V) Assignment
7 complex8 complex9
2.21 251 2.18 2.31 (s, 3H, CH)
3.32 (s, 2H, CH)
5.28 5.28 5.41 6.06 (s, 1H, CH)
6.79-6.89 6.64-7.13 6.64 -6.73 6.75-7.08 (m,2H,Ar-H)
6.92-6.99 7.15-7.23 7.08-7.16 7.21-7.58 (m,2H,Ar-H)
7.31-7.55 7.58-7.60 7.56-7.58 7.70-7.81 (m,2H,Ar-H)
7.76-7.94 7.85-7.93 7.75-7.84 7.94-7.99 (m,2H,Ar-H)
1(1)::: 13.00 12.4 11.71 ('bs,1H, NH ) exchangeable withO)
('bs,1H, NH exchangeable withO)
(bs,2H,20H
11.78,13.42 13.8814.12 13.87.15.41 13.68 exchangeable with 1)




Table 7. Structural parameters of the free ligand andrigtals complexes, calculated, on the basi®M8B level using semi-empirical implemented on
Hypercheni’.52 program, the values in the paranthesis calculageddans DFT using the B3LYP and the basis set 648%€ provides by the Gaussian 09

program

N Total Dipol Bonding Heat of Electronic Neuclar Energy Energy Egp ED

0. Complexes energy moment  energy formation energy energy HOMO LUMO

Hal -86617.27 3.617 -4227.84 -24.841 -606177.00 5095 -9.180 -0.713 8.467 -
(-5.21) (-1.659) (3.55)

1  [(L)Cry(OAc)4(H,0)4).0.5H,0 -207810.37 17.27 -8132.06 -719.39 -2133073.75 16228 5.083 1.720 3.363 121193.10
2 [(HL)Mn,(OAc),] -144023.59 6.121 -5678.60  -209.995 -1172298.75 28206.69 -7.830 -1.059 6.771  57406.32
3  [(HL)Fey(NOs3)e(H,0)q].2H,0 -133959.59  18.130  -7289.73  412.731  -3960091.00 46BB1.50 -4.502 -2.848 1.654  47342.32
4 [(H.L)Coy(OAC)4(H20)4] -232707.66  14.200  -8436.58 -1009.110 -2298046.78065339.00 -8.191 -1.016 7.175 146090.39
5 [(HsL)Ni(OAc)(H,0),].0.5CGHsOH  -145508.63  11.140 -5692.53  -494.103 -1186623.51041114.93 -8.073 -0.866 7.207  58891.36
6 [(HsL)Cu(OAc)] -154141.36  7.898 -5784.73  -266.628  -1364334.63101293.25 -7.047 -0.762 6.285  67524.09
7 [(HsL)Zn(OAc)] -107004.65 5.129 -4905.51  -106.237 -84831 711244.62  -8.676 -1.043 7.633  20387.38
8 [(HsL),Cd].5H,0 -174482.77 6.174 -8583.23 -46.308 -1925009.25 082650 -8.283 -0.555 7.728  87865.50




Table8.The selected bond lengths of the optimized strastoftransition metal complexes

Atoms Charges of atoms in complexes
HsL 1 2 3 4 5 6 7 8

C(3)-0(8) 1.364 1.373 1.355 1.359 1.364 1.350 1.383 1.350 1.360
C(7)=0(10) 1.216 1.379 1.388 1.502 1.497 1.306 1.274 1.286 1.432
C-Oncybi- - - 1.265 - - - - - -
C-Oac)mo. - 1.393 - - 1.365 1.327 1.328 1.318 -
C(11)=N(13) 1.301 1.320 1.320 1514 1.320 1.338 1.346 1.362 1.519
C(18)or(19)- 1.368 1.378 1.325 1.359 1.363 1.357 1.354 1.245 -
0O(22)or (23)
C(14)or (15)=0 1.249 1.350 1.265 1.496 1.497 1.262 1.228 1.286 1.499
(15)or(16)
M-O(8) - 1.933 1.860 1.896 1.896 - 2.090 2.304 2.209
M=0(10) - 1.722 1.866 1.896 1.883 1.828 1.969 2.069 -
M-O oacymo. - 1.892 - - 1.890 1.838 1.869 1.997 -
M=N(13) - - - 1.912 - 1.837 1.955 2.046 2.227
M-O(22)or(23) - 1.821 1.883 1.900 1.889 - - - -
M=0(15)or(16) - 1.865 1.847 1.895 1.886 1.858 2.078 - 2.209
M-On20 etor - 2.008 - 1.899 1.890 2.045 - - -
M-Onos) - - - 1.901 - y - ) B
M-O(OAC)bI = = 1.916 = = - - - -




Table9. Antimicrobial activity of the free ligand () and some of its metal complexes.

Mean* of zone diameter, nearest whole mm.

£ Gram - positive bacteria Gram - negative bacteria Yeasts and Fungi**
S Staphylococcus Bacillus subtilis  Salmonella Escherichia Candida Aspergillus
g aureus (ATCC 6635) typhimurium coli albicans fumigatus
(ATCC 25923) (ATCC 14028) (ATCC 25922) (ATCC 10231)
Concentration 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5
mg/ml - mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml
Sample
HaL 24 H 19H 11L 8L 25H 20H - - 151 121 181 51
1 0L 8L 0L 141 - - - - 131 9L - -
2 - - 14| 131 - - - - 0L 7L - -
3 - - - - - - - - 18 H 16| - -
4 151 121 25H 21H 171 141 141 101 31H 27H - -
5 28 H 24 H 231 19H 141 121 171 151 27TH 24H 5B 23H
6 11L 8L 161 131 9L 7L 20| 151 26 H 22 H 211 18H
7 9L 8L 221 20 H - - - - 201 171 201 18 H
8 28 H 25H 26H 20H 191 171 251 19H 131 101 1p 18H
9 - - 191 161 - - - - 221 181 221 20H
Control # 35 26 35 25 36 28 38 27 35 28 37 26
- No effect.

L: Low activity = Mean nbne diametex 1/3 of mean zone diameter of control.
I: Intermediate activityMean of zone diameter2/3 of mean zone diameter of control.
H: High activity = Mean péne diameter > 2/3 of mean zone diameter of cbntro
#: Chloramphencol in the case of Gram-pesitiacteria, cephalothin in the caseGsAmnegative bacteria and cycloheximide in the cadermygi.



Table 9. Antitumor activity of the Schiff base Irghand its nickel(ll) and copper(ll) complexes agaHepG2 cell line.

Compound IC 50 (Lg/ml)
Hsl 205
[(HsL)Cu(OAc),] 6 10.20
Doxorubicin 0.47

IC 50 = inhibition concentration 50%
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Figure 2. ESR spectra of [(H3L)Cu(OAc),] complex 6.
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Figure3. TGA curvesof [(HL)Mny(OAc);] 2.




TGA(mQ)

6 -

— 7T - T T T T T T T T T T
100 200 300 400 500 600 700

—
800

0 900
Temp(C)
Figure4. TGA curvesof [(HsL)Ni(OAc)(H20),].0.5C,HsOH 5.
TGA(mQ)
10 I I I I
o] 4
] 4
4 7] —-—
2 I I T I T I T I T I T I I I
0 100 200 300 400 500 600 700 800 900

Temp(C)

Figure5. TGA curvesof [(HsL)Cu(OAc),] 6.



93 0p3

PeZEY
LE'06R

L4
Q&' La¥
AL EED

S0 —ramy
5100

REZLE
il'EgE

00

B 4 45D

PZ'LZE

80'96Z
Qb'4LZ

iLEve

_ 2
81692
2

£l

op'alZ

80'22l
0 kel
Ihssl

9012}
TR ——

150

Sl BL'LpL

8028
1189
dop  Sk9s 2
m___W___W___m___w___w___w___w___w___w__:

R TGS ERCI Y

Figure 6. Mass spectrum of [(HL)Mny(OAC),] 2.



i7" LoF
BESS T
[4~F A

ESLEP

Q6L

Ep L6
S0'9RE
(48

gl

LpOPE

PEELE
LE'REL

0l'es

$7'697
lEpsz 3 £

BE'0PZ N

08922

65712 =

6168 ——— &

etk —

0 04 =

W] —z

pL bzl —

0L'50) [ 5

908 i

10—z =

154 —13

= ® " ¥

BIUNPUNGY DAY

Figure7. Mass spectrum of [(H3L)Ni(OAc)(H20),].0.5C,Hs0H 5.



\
7°

540 (540; 2%)
CHs

-114 | -Mn, CH3COO

- 136

o]
/
o—
+z

N\
Y 290 (291; 12%)

77 (76; 35%) 105 (104; 23%)

-
-CHCN " .56
= | s I
o} N

122 (121; 40%) 161 (161; 5%)

65 (65; 16%) 93 (92; 67%)

-Mn, CH,COO %
—NH— ﬁ
OH

M o

-114

AN /
O/’\

N

426 (429; 32%)

CHz 406 (426 2%)
- —N—c
I
o)
OH

CH3
/
Mn\
O\ O
Y 290 (291; 12%)
-14 | -CHa-H

-CHCN T -59 |- cH4C00
. -71
-39 l
144 (144; 100%) b
o) o)
N ¥
Mn, +H MNn 517 18 21%)

Scheme 4. M ass fragmentation of Mn(i1) complex 2.



o) N—NH—C
O el ||
OH; ~H,0 o)
/\ N °
AcO  OAc o Cf
OH N\ H,0
| AcO OAc
D
P CHj
OH, OH, ‘
O N—NH—C
SO ||
— yd
ONT A\ N0 T\ONg °C °
H,0 NOs  OH, HZO—>/Fe<—OH2
OSN 03

(2)

.0.5H,0

2H,0




o O N—NH—C
N I
0
Ry N,
\( e \O
Y
CHj
CHj
3)
Q\‘/YCHS
HO O N—NH—C|
OHZ/'/CO\\HzO o\ OH
AcO OAc OHZ/VCO\OHZ

(4)



©)

.0.5C,HsOH



AcO o—

(7)

CHj
I~
OH (@) N—N—|C|I
\1/0
Cd
T
OH O N—N——2=C

(8)

OH

OH

5H,0



o;uéo (ljl 5 "
o/ \o = uU——-=20
\\\/ o/
O
CHs Z

(9)

Figure 8. Representative structures of metal complexes of HsL ligand



Figure 9. Molecular modeling of [(L)Cr2(OAc)4(H20),].0.5H,0 1.



Figure 10. Molecular modeling of [(H2L)Cox(OAC)4(H20)4] 4.



Figure 11. Molecular modeling of [(HsL)Cu(OAc),] 6.

Figure 12. Molecular modeling of [(H,L)Zn(OAC)] 7.
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Figurel3. The contour plots of the frontier orbitals of free Schiff base ligand, HsL
calculated by means of Density DFT using the B3LYP and the basis set 6-31G level,
provides by the Gaussian 09 program



Synthesis, spectroscopic characterization antimicrobial and
antitumor studies of mono-, bi- and tri-nuclear metal
complexes of a new Schiff base ligand drived from o-

acetoacetylphenol
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Highlights

* A new polydentate Schiff base ligand was synthesized and characterized.

* Mono-, bi- and tri -nuclear complexes were synthesized and characterized.

» The complexes exhibited octahedral and tetrahedral geometrical
arrangements.

» Theligand and some complexes showed antimicrobia and antitumor activity.

* Molecular orbital calculations were performed.



