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ABSTRACT

Complexesof o-hydroxyacetophenone phenoxyacetylhydrazone (H,OAPA)
structure(l, 11). with Co(11), Ni(I1), Cu(ll), Zn(I1), Cd(l1) and UO,(1V) have
been prepared and characterized on the basis of chemical analyses, molar
conductivities measurements, spectral (IR, *H NMR, UV-Vis), and magnetic
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moment. IR and *H NMR spectral data show that (H,OAPA) behaves asa
neutral bidentate and mononegative or binegative tridentate ligand. All the
reported complexes are non-electrolytes and different stereo-chemistries
are proposed for the Co(l1), Ni(l1) and Cu(ll) complexes according to their

magnetic and spectral measurements.
© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Hydrazoneshaveinteresting ligation propertiesdue
tothepresenceof saverd coordinationstes. Hydrazones
and their metal complexeshaveattracted considerable
attention dueto their gpplicationin numerousindustria
and biologica fieldg*3. Hydrazonesderivatives of o-
Hydroxyacetophenone-havewerereported*4 with dif-
ferent metal saltsto form new complexeswhich have
been characterized by e ementd andysesand molar con-
ductance. We now report the syntheses, spectroscopic,
magnetic, conductivity corroson studiesand antimicro-
bial activity of o-hydroxyacetophenone phenoxy
acetylhydrazone (H,OAPA).

EXPERIMENTAL

All chemicalsused are BDH (BritishDrugLTD,

England) quality.
Synthesisof theligand

O-hydroxyacetophenone pheno xyacetyl hydrazone
(H,OAPA) was prepared by heating o-hydroxyaceto
phenone (13.6 ml, 0.1 mol) and phenoxyacetyl hydra-
Zing(16.6 gm, 0.1 moal) in absoluteethanol (100 ml) for
0.5h. Upon coaling yellow crystalswere separated. The
product wasfiltered, washed, recrystllized from abso-
|ute ethanol andfinally dried inadesiccator over fused
CaCl,, yield 25.7gm, m.p 152° C.

Synthesis of metal chelates

The[Co(H,OAPA)CIL(H,0),] complex waspre-
pared by adding an ethanolic solution (25 ml) of
H,OAPA (0.29 gm, 1 mmole) to the cobalt chloride (1
mmole) in the same solvent (50 ml). The
[M(HOAPA),].2H,O, (M= Cu(ll) or Ni(ll)) werepre-


mailto:aelshobaky@yahoo.com

336

Spectral, magnetic, corrosion studies and antimicrobial activity

OCAIJ, 8(9) 2012

FPull Paper =

pared by the same method using ethanolic solution (50
ml) of H,OAPA (0.58 gm, 2 mmol€) and (1 mmole) of
the corresponding metd chloride. Thereaction mixtures
were heated under reflux for 0.5 h.

Thecomplexes, [M(OAPA)(H,0),],(M = Co(ll),
Ni(I1), Cu(ll) and Cd(ll), were prepared by adding
ethanolic solution (25 ml) of H,OAPA (0.29 gm, 1
mmole) to the corresponding meta acetate (1mmole)
in 25 ml ethanol or water. The[UO,(HOAPA),] was
prepared by thesamemethod using (0.58 gm, 2 mmole)
of H,OAPA in 50 ml ethanol. Thereaction mixtures
were heated under reflux for 0.5 h.

Physical measurements

Themetal and chloride contentswere analyzed by
standard method (Vogel, 1989). IR spectrawere re-
corded onaMattson 5000 FTLR Spectrometer asKBr
discs; eectronic spectrain dimethylformamide (DM F)
wereobtained usingan UV2-100 Unicam UV-visible
spectrometer. Magnetic momentsat 25° C were deter-
mined using aGouy balance. H: NMR spectrawere
recorded on Prucker Ac 400 Spectrometer at King
Abd El-Aziz Univerdty. Molar conductivitiesinDM SO
at 25° C were measured using a type CD6NGT
Tacussel Conductivity Bridge.

Corrosion inhibition stuidies

Theinhibitiveaction of theinvestigated ligand on
thedissolution of duminumin 0.5M hydrochloricacid,
Aluminum was sd ected for thisstudy dueto itsnumer-
ousindustria applicationsand consequently itscorro-
sioninhibitionin pickling bathsisof great importance.
Theinhibition efficiency dependson theadditive com-
pounds, many factorswhich include the number of ad-
sorption active centersand their charge density, mo-
lecular sizeand the modeof inter actionwith metal sur-
face®™ Weight | oss determinations of duminumin 0.5
M HCI after 30 min yielded convincing evidencefor
the gpplication of H,OAPA. Theresulting quantity, cor-
rosion rate, isthusafundamental measurement in cor-
rosion science''l, Corrosion rates can be evaluated by
messuring ether the concentration of thedissolved metd
insolution by chemica andysisor by measuringweight
of agpecimenthecorrosion behavior of ametal inague-
ousenvironment ischaracterized.

Biological activity
Antimicrobia activity. Theligand and somecom-

@Wu'c CHEMISTRY —

plexes were tested as antibacterial agents at the de-
partment of microbiol ogy, Faculty of Sciences, mansoura
university- seeded agar plateswere prepared by put-
ting 50 ml of inocul ated agar into 15 cm petri-dishes
and alowing themto solidify. Cupsweremadeto re-
ceive 25ml of the solution and allowed to diffuseand
incubateat 37 o C for 24 h. inhibition zonewas mea-
sured™” and compared with that of gentamicin solution
(commercial antibiotic, MemphisCo., Egypt, 1000ug
ml-t). The experiment control was DM SO.

RESULTSAND DISCUSSION

The physical dataof the complexestogether with
their dementd anadysesand conductivitiesarelistedin
TABLE 1. Theformation of complexesmay berepre-
sented by thefollowing equation.

EtOH

CoCl, + H,OAPA ———
Reflux, 0.5 h (1)

[CO(HzOA PA)Clz(Hzo)z]

Aqueous EtOH
MCl, + 2H,0APA ——>
Reflux, 0.5 h

[M(HOAPA),].2H,0+2HCI )

(M = Ni(ll) or Cu(ll))

Aqueous EtOH
M(OAc), + H,OAPA ———  »

Reflux, 0.5 h

(€)
[M(OAPA)(H,0)3] + 2AcOH

(M = Ni(ll), Co(ll), Cu(ll) and Cd(ll))

EtOH
UO,(OAC), + 2H,0APA ———

Reflux, 0.5 h (4)
[UO,(HOAPA),]+ 2AcOH

Theresultsindicatesthat all metal complexesare
stablein air and insolublein most organic solvent and
most of them are completely soluble in
dimethylformamide (DMF) and dimethyl sulphoxide
(DMSO). Themolar conductivities(A ) inDMSO at
25" Cfor al complexesarein therange (1-10) ohm'?
cm?mol?, indicating their none ectrol ytic nature@.,

IR and HINMR spectral studies
TheIR Spectrum of H,OAPA exhibitsintense ab-
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TABLE 1: Analytical and physical data of H2OAPA and itsmetal complexes.

Compound Empirical Formula Y(;l)id Coalor Mog C O/HO calc(fou,\r;ld) cr S;Amslg

H20APA C16H16N203 87 velow 1:2 75 2L

[Co(H20APA)CIZ(H20)2] CoCl6H20N205C12 85 Brikered >300 o7 05 135 128 8
(CUHOAPA)2]2H20  CuCa2HaNaos 80 YGovs >z0 D oL OO 2
[N(HOAPA)212HZ20  NICIZH3NAOB 84  Gren >300 oo O3 o 10
[UO2(HOAPA)2] UC32H30N408 84 Red >300 G0 35 200 1
[Co(OAPA)(H20)3] COoC16H2IN206 80  Brown >300 (jg_'g) (g:g’) (ﬂ_‘g) - 6
[Ni(OAPA)(H20)3] NiC16H21N206 85  Green >300 (jg:g) (g:i’) &j_‘% 3
[CU(OAPA)(H20)3] CUCI6H2INZOB B2 Green >300 ho o3 2% 2
[CA(OAPA)(H20)3] CdCIGH2INZ0S 78 White >300 20 Gl 200 1

(Aa m) = U-1 cm2 mol-1

TABLE 2: IR spectral data of H-OAPA and itsmetal complexes.

Compound v(C=0) v(C=N) v(C=N-N=C) v(C-O) v(C-O)phendlic 8(OH) v(N-N) v(M-O) v(M-N)
H20APA 1700 1615 - - 1300 1152 1061 - -
[Co(H20APA)CI2(H20)2] 1655 1601 1297 1130 1081 525 420
[Cu(HOAPA)2].2H20 1635 1600 1330 - 1085 510 420
[Ni(HOAPA)Z2].2H20 1640 1596 1323 - 1087 520 420
[UO2(HOAPA)2] 1634 1595 - - 1312 - 1091 520 410
[Co(OAPA)(H20)3] 1592 1371 1340 - 1080 520 420
[Ni(OAPA)(H20)3] 1572 1375 1339 - 1080 523 420
[Cu(OAPA)(H20)3] 1595 1391 1340 - 1083 530 420
[CA(OAPA)(H20)3] 1590 1390 1339 - 1080 511 410

a |,“' s LII| v

- ,.L-lV " |I e

Figurel:'H NMR Spectrumof H,OAPA
CH
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sorption band at 1700 cm* due to v(C=0)" The
v(C=N) gppearsasashoulder at 1615 cm™. The spec-
trum givestwo bands at 3393 and 3130 cm? attri but-
able to v(OH) and v(NH), respectively. The me-
diumintensity bandsat 1300, 1152 and 1061 cm™ are
assigned tov(C-0) phenolic, 3(OH)? and v(N-N)122,
respectively.

TheH NMR spectrum of H,OAPAin DM SO-d6
(Figure 1) showsmultiplet signalsinthes 6.88- 7.62
ppm range ass gned to thearomatic protons. Thetwo
signalsat 613.06 and 511.23 ppm are attributable to
the two protons of (OH) phenolic and (NH) group,
respectively. The appearance of thesignal dueto the
proton of (OH) phenolic at high valuedownfield from
TMSsuggest the presence of intramol ecular hydrogen
bonding between the phenolic oxygen (OH) and
azomethinenitrogen (C=N) group asshownin (Struc-

e, Onganic CHEMISTRY
Au Tudian Yournal



338

Spectral, magnetic, corrosion studies and antimicrobial activity

OCAIJ, 8(9) 2012

FPull Paper =

turell). The sharp singlet observed at 6 2.64 ppm is
assigned to themethyl protons (-N=C-CH,)).

A comparison of IR spectra of H,OAPA and its
metal complexes(TABLE 2) showsthat H,OAPA be-
haves as aneutral bidentate and a mononegative or
binegativetridentateligand depending upon the metal
salt used and the conditions of preparation aswell as
thepH of themedium.

The IR spectraof the [Co(H,O0APA)CI(H,0),]
complex revealsthat H,OAPA behaves as aneutral
bidentate ligand coordinating viathe carbonyl oxygen
(C=0) theand theazomethinenitrogen (C=N) forming
fivemember ringincluding the cobat atom. Thismode
of coordination (Structurelll) issupported by thefol-
lowing evidences: (i) v(C=N) and v(C=0) shift to lower
wavenumber, (ii) v(N-N) shifts to higher wavenumber,
(iif)p(C-O) phonolic remains unchanged, indicating that
phenolic oxygenisnot involvedinbondingand (iv) the
appearance of new bandsat 525 and 420 cm* attrib-
uted to to v(Co-0)?¥ and v(Co-N)4 respectively.

PhOCH,

Z-C—NHCH,

oo /O
Cl H6
Sructure(l 1)

On the other hand, the IR spectra of
[M(HOAPA),In(H,0) (M= Ni(ll), Cu(ll) and
U(VI)O, ; n=0or 2) reflect that theligand behavesasa
mononegativetridentateligand coordinating viathe car-
bonyl oxygen (C=0), the azomethine nitrogen (C=N)
and the deprotonated phenolic oxygen. Thismode of
complexation (StructurelV) issuggested onthebasis
of thefollowing observations: (i) v(C=N) and v(C=0)
shift tolower wavenumber (ii) v(N-N) and v(C-O)®
phenalic shift to higher wavenumber, (iii) thedisappear-
ance of 6(OH) and (iv) the appearance of new bands
inthe 510-520 and 410-420 cm regions assignable
tov(M-0) and v(M-N)!2¥, respectively.

ex

(M =Ni(ll), Cu(ll)and U(V1)O,; n=00r 2)
Sructure(1V)
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In the *H NMR spectrum of [UO,(HOAPA),]
complex (Figure 2), the signalsduetothe OH protons
disappears confirming deprotonati on occursthrough
OH Phonoalic group, whilethesignal dueto NH proton
undergoesastrong field shifting suggesting coordina-
tion of adjacent hydrazide>C=0 and >C=N with the
metal ion?d,

LY

Figure2: ™H NMR Spectrum of [UO,(HOAPA),]

Findly, thelR spectraof [M(OAPA) (H,0).], (M=
Co(l1), Ni(l1), Cu(Il) and Cd(l1)) show that H,OAPA
behaves as abinegativetridentateligand coordinating
viathe deprotonated phenolic oxygen, the deprotonated
enolized carbonyl oxygen (=C-O) and theazomethine
nitrogen (C=N). Thismode of chelation (StructureV)
isconfirmed by thefollowing evidences: (i) thedisap-
pearance of v(C=0) and 6(OH) and v(C=N) with si-
multaneous appearance of new bandsin the 1371 -
1391 and 1573-1592 cm'* regions assignableto v(C-
0) and v(C=N-N=C) 19 respectively, (ii) v(C-O)1
phonolic and v(N-N) shift to higher wavenumber and
(ii1) the appearance of new bandsin the511- 530 and
410 - 420 cnmr regions attributableto v(M-0)2 and
v(M-N)24| respectively.

H@@

(M=Co(ll), Ni(l I),Cu(l l)and Cd(l1)).
Sructure(V)

Strong evidencefor the deprotonation of enolized
carbonyl oxygen =C-OH and the phenolic oxygen
(OH) comesfrom theH NMR spectrum of thedia-
magnetic [Cd(OAPA)(H,0),] complexes(Figure 3)
which show the absence of thesignalsat 613.06 and
011.23 ppm assigned to the (OH) and (NH) protons,
respectively.

Theuranyl complex exhibitstwo bandsat 925 and
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Figure3: °H NM R spectrum of [CA(OAPA)(H,0) ]

805 cm* assigned tov, and v, vibrations, respectively,
of thedioxouraniumions®. Thev, valueisused for
theca culation of theforce congtant (F) of the (O=U=0)
bond by the method of M cGlynn and Smith29.,

(v,)*=(1307)%(F, ) /14.103

The calculated force constant isfound to be 7.064
mdyne A% Theva ueof theforce constant for theura-
nyl complex wasthen substitutedintotherelaion given
by Jones*! to cal culatethe bond distance (R, ):

R, =108(F )"+ 117

Thevalueof thebond distance (R, ,) =1.74 A as
well asthe calculated vaueof thebondforce, F, , fall
intheusual rangefor theuranyl complexiY,

The hydrated complexeswere heated inan oven
upto 120C°. No water molecules were removed from
[M(OAPA)(H,0),] (M = Co(ll), Ni(ll), Cu(ll) and
Cd(l1)) and[Co(H,0APA)CIL,(H,0),] complexesin-
dicating the presence of water moleculesin theinner
coordination sphere, while [M(HOAPA),|2H,0O

= Fyl| Peper

(M=Cu(ll) or Ni(I1)) complexeslosstwo water mol-
eculesat 120C° confirming the presence of two water
moleculesin outer of the coordination sphere.

The complexeswhich have coordinated water mol-
eculeshavetwo sharp bands observedin 851-890 and
748-757 cm* attributed to p, (H,0)*® and p,, (H,0)
vibrations, respectively.

M agnetic and electronic spectral studies

Themagnetic moments, € ectroni c absorption bands
in (DM SO) and ligand filed parameters of metal com-
plexesarereportedin (TABLE 3).

Theéectronic spectraof [Co(HOAPA)CI(H,0),]
and [Co(HOAPA)OAc(H,0),]complexes show two
absorption bandsinthe 15385 16129 and ca 20202-
20408 cnr! regions attributableto 4Tlg—> 4A29(F) and
4T1g — 4T1g (P) transitions, respectively. The calcu-
lated D , B and 3 values (TABLE 3) liein therange
reported for octahedral structure®. The magnetic mo-
ment values (5.1 -4.8 BM) are cons stent with an octa
hedral geometriesaround Co(ll).

Theé ectronic spectraof [Ni(HOAPA),].2H,O and
[Ni(OAPA)(H,0),] complexesshow two bandsinthe
range 16026 — 27027 cm™ assignable to the °A, —
3Tlg(F)(1)2) and 3A2g — 3T1g(P) (v,) transitions, respec-
tively in octahedra environments around nickel (I1)
iong®d. Thecal culated values of theligand filed param-
eterslieintherangereported for octahedra structure.
Also, themagnetic moment values (3.4 - 3.1 BM) are
cons stent with thosereported for octahedra geometry4.

TABLE 3: Magnetic moments, electronic bandsand ligand filed par ameter sof H2OAPA and itsmetal complexes.

Compound Band Position Assignment B p Dq peff (B.M)
4 4
[Co(H20APA)CI2(H20)2] ;g'g’gg 4119:4TA29((3 944 097 715 51
. 1g 19
4 4
[Co(OAPA)(H20)3] ;8"11(2)2 4119:4TA29((3 935 096 750 48
. 1g 19
3 3
[Ni(OAPA)(H20)3] ;g'ggg 3:29:;19((2) 906 087 981 3.4
. 29 19
. 16.020 3A0—T1y(f)
Ni(HOAPA)2].2H20 5 Tig 906 087 981 31
[ ( )] 27027 3A29_)3Tlg(p)
14.486 ’Big—>"Eq
[CU(OAPA)(H20)3] 17.241 2B, %A - 201
28571
15.873 ’Big—>"Eq
[CU(HOAPA)2].2H20 18.087 2By >2Asg S 22
31.250
23.809 PSS . ,
[UO2(HOAPA)2] 29.412 s - Diamagnetic
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The electronic spectra of [Cu(HOAPA),].2H,0
(Figure4) and [Cu(OAPA)(H,0),] givetwo absorp-
tion bands in the 14486 -15873 and 17241 -18087
cm* attributed to °B, | — °E_and’B, | — °A_transi-
tion, in atetagonally distorted octahedral configura-
tiong %1, Theband inthe 28571- 31250 cm*region
may beassigned to Cu-L chargetransfer®. Themag-
netic moment values of Cu(ll) complexes(2.01-2.2
B.M) liewiththerangeof Cu(ll) ionsin ad® system(*,

zu-l
=
1.5
10
0.5 -
___u_,__.a—'——-—\_
T T T T
300 <00

Ahsorbance

T

oo

' T v T v T T T T ]
00 a0 Foo =00 Q00
M avelength (nrm)

Figure4: Electronic spectraof: a- [Cu(HOAPA),].2H,0

Finaly, TheUV spectrumof the[UO,(HOAPA),]
(Figure 5) complex shows two bands at 23809 and
29412 cm™ assignable to = *r , transition of
dioxuraium(V1) and chargetransfer probably n —
transition, respectively*".

10
1\| .

N

E“’x_rx_

00

L] T L] L] L]
=00 00 700 OO0 0o

A arelernoth (ot
Figure5: Electronic spectraof: b-[UO,(HOAPA),]

juluin]

Corrosioninhibition by thechemical technique

Thelinear variation of weight losswithtime(Figure
6) inuninhibited and inhibited 0.5M hydrochloricacid
indi cated theabsence of insoluble surfacefilmsduring
corrosion. Inthe absence of any surfacefilme, thein-
hibitorsarefirst adsorbed onto the metal surfaceand
thereafter impede corrosion either by merely blocking
the reaction sites (anodic and cathodic) or by altering
the mechanism of the anodic and cathodic partial pro-

cesses. Thepercentageinhibition efficiency (% 1E) of
theinvestigated compounds(TABLE 4) wasdetermined

W - AW

. . A i .
usingtheequation % IE = ~x100. Thismeans

that the presence of these compoundsretardsthe cor-
rosion. Thedecreasein corrosion rateof duminumin
0.5M hydrochloric acid in the presence of thesesin-
vestigated compoundsindicatesthat these compounds
act asinhibitors.

TABLE 4: (% Inhibition efficiency (%1 E) at different con-
centrationsof theinvestigated compoundsfor thecorrosion
of aluminumin 0.5M HCL at 30°C).

Concentration M H20APA (%1E)

5x10° s
1x10* ol
e, 67.7
o 87.1
a0 90.3
5 - —_—= :’;.E .‘
¥ ——czxin"
E "7 1x10 ]
o ——gin
% : _______-_____-_____-

Figure6: Weight loss-time curvesfor thecorrosion of alu-
minumin 0.5M HCI intheabsenceand presencesof different
concentr ation of compound (H,OAPA) at 30°C

TABLES5: Inhibition zonesdiameter (1.Z.D.)inmmasacrite-
rion of antibacterial activity of theligande and some com-
plexesat concentration level of 2mg ml-1.

Bacteria
Compounds Bacillus Pseudomonas
(G +ve) (G -ve)
1.Z.D.(mm) 1.Z.D.(mm)
H,OAPA 0 0
[Cu(OAPA)(H,0)3] 0 0
[Co(OAPA)(H,0)3] 14 0
[Cd(CAPA)(H,0)3] 22 0
[UO,(HOAPA),] 0 0

Antimicrobid activity : Theantimicrobia activity
datafor H,OAPA and its metal complexes against
Bacillusthuringiens sand pseudomonasaureginosaare

Onganic CHEMISTRY o
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compiledin TABLE 5. Growth inhibition zones are
proportiona totheantimicrobial activity of thetested
compound. The data suggest that cobalt (I1) and
cadimium (I1) complexeswere affected by the tested
chemicalswith strongest activity for Gram-Positive.
Ontheother hand, H,OAPA aswell asitscomplexes
do not show appreciableantimicrobia activity against
the Gram-Negative bacteria.
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