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ABSTRACT

The synthesis and characterization of complexes of Co(ll), Cu(ll), Ni(ll),
Cd(11), Pd(I1) and UO,(V1) with furan-2-carboxa dhyde phenoxyacetyl hydra-
zone (HFCPA) (Structure 1) arereported. Elemental analyses, molar conduc-
tivities, magnetic measurements and spectral (IR and visible) studies have
been used to elucidate their structure. The IR show that (HFCPA) behaves
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asneutral or mononegative bidentate ligand. Different stereochemistriesare
proposed for each of the Co(l1), Cu(ll) and Ni(Il) complexes on the basis of

spectral and magnetic studies.

INTRODUCTION

Interest in hydrazon chemistry hasflourished for
many years, largely asaresult of itswiderangeof uses
innumerousindustrid and biologica fieldg*4, besides
having good complexing ability, and their activity in-
creaseson complexationwith meta ions. Severd works
have been reported on hydrazone of transition metals
complexes of 2-furaldhyde®>2, |n this paper, were-
port the synthesi sand spectroscopi ¢ characterizations
of new complexes of Co(ll), Cu(ll), Ni(I1), Cd(ll),
Pd(Il) and UO,(VI) with furan-2-carboxaldhyde
phenoxyacetyl hydrazone (HFCPA, Structure 1), study-
ing the inhibition corrosion of the ligand and its
antimicrobicd activitiesof somemeta complexes.
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EXPERIMENTAL

All chemicalsused are BDH (BritishDrugLTD,
England) qudlity.
Synthesisof theligand

Furan-2-carboxa dhyde phenoxyacetyl ehydrazone
(HFCPA) wasprepared by refluxing an ethanolic solu-
tion (100 ml) of phenoxyacetylhydrazine (16.6 gm, 0.1
mol) and Furan-2-carboxaldehyde (9.6 ml, 0.1 mol)
for 0.5 h. Upon cooling, apale brown crystal sepa-
rated out. The product wasfiltered off, washed with
ethanol and diethylether, recrysillized from absol uteetha
nol and finaly dried in adesicator over fused CaCl,,
yield~22.3gm, m.p 1280 C.

SYNTHESISOFMETAL CHELATES

The complexes, [M(HFCPA)CI,(H,0) ], (M=
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Co(1l), Ni(ll); n=2or Cd(ll), n= 0) were prepared by
adding an ethanolic solution (50 ml) of | mmole of
HFCPA to asolution of 1 mmoleof metal chloridein
25 ml absol ute ethanol. The mixtureswere heated un-
der reflux for 1 h.

Thecomplexes, [M(FCPA),(H,0) ], (M=Co(ll),
Ni(ll); n=2 or M= Cu(ll), Zn(ll); n= 0) were pre-
pared by mixing an ethanolic solution (50 ml) 2mmole
of HFCPA in absoluteto asolution of 1 mmoleof the
corresponding metal acetatesin 25ml ethanol or water.
The [UO,(FCPA)(OACc)(H,0),)] complex was pre-
pared by the same method using asolution of 1 mmole
of HFCPA in 25 ml absolute ethanol . Thereaction mix-
tureswereheated under reflux for 1 h.

PHYSICAL MEASUREMENTS

Themetal and chloride contents were analyzed

EtOH
MCI, + HFCPA >
Reflux, 1 h
(M =Co(ll) or Ni(ll))
Aqueous EtOH
M (OAc), + 2HFCPA >
Reflux, 1 h
(M=Co(Il), Ni(ll); n=2or M=Cu(ll), Zn(1l); n=0)
EtOH
UO,(OAc), + HFCPA >
Reflux, 0.5h
EtOH
CdCl, + HFCPA .
Reflux, 1 h

[M (HFCPA)Cly(H,0),]

[M(FCPA)»(H,0),]+2AcOH

[UO,(FCPA)OAC(H,0),] +AcOH

[CA(HFCPA)CI,]

by standard method (Vogel, 1989). IR spectrawere
recorded on a Mattson 5000 FTLR Spectrometer
as KBr discs; electronic spectra in
dimethylformamide (DMF) were obtained using an
UV 2-100 Unicam UV-visible spectrometer. Mag-
netic moments at 25° C were determined using a
Gouy balance. H NMR spectrawere recorded on
Prucker Ac 400 Spectrometer at King Abd El-Aziz
University. Molar conductivitiesinDMSO at 25° C
were measured using atype CD6NGT Tacussdl Con-
ductivity Bridge.

RESULTSAND DISCUSSION

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

@)

)
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(4)

TABLE 1: Analytical and physical data of HFCPA and itsmetal complexes.

Compound Empirical Yelid Color I\/IO.P. % calc (found) A%, in

Formula % C C H M Cl- DM SO
HFCPA Ci3H1oN,05 85 Piege 128 63.9(63.7) 5.0(5.0) - - -
[Co(HFCPA)CI,(H,0),] CoCy3HigN,OsCl, 80 Violet 212 38.1(38.0) 3.9(4.1) 14.4(14.3) 17.3(17.7) 12
[Ni(HFCPA)CI,(H,0),] NiC;sHigN,OsCl, 75 Green 250 38.1(38.4) 3.9(4.0) 14.3(14.2) 17.34(17.6) 10
[Co(FCPA),(H,0),] CoCyH26N4Og 70 Brown 285 53.7(53.4) 4.5(4.6) 10.1(10.0) - 6
[Ni(FCPA),(H,0),] NiCxH2sN4Og 75 Orange 222 53.7(53.8) 4.5(4.5) 10.1(10.0) 9
[Cu(FCPA),] CuCyHN404 80 Brown 215 56.8(56.6) 4.0(4.2) 11.6(11.7) - 4
[Zn(FCPA),] ZnCyH2, N4Og 70 Grey 245 56.6(56.4) 4.0(3.8) 11.8(11.6) 3
[UO,(FCPA)(OAC)(H,0),] UC;sH17N,0q 80 Brown 262 29.6(29.7) 2.8(2.6) 39.2(39.4) - 2
[CA(HFCPA)CI,] CdCy3H:N,05Cl, 80 Grey 243 36.5(36.6) 2.8(2.5) 26.3(26.2) 16.6(16.5) 6

(A=) = @' cm?mol™*
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Thereaultsindicatesthat dl metd complexesarestable
inar andinsolublein most organic sol vent and most of
them are completely solublein dimethylformamide
(DMF) and dimethyl sulphoxide (DM SO) themolar con-
ductivities(_Jm)inDMSOat 25° C(TABLE1) for dl
complexesareintherange?2 - 12 ohnr* cm?mol, indi-
cating their none ectrol ytic naturé?Y.

—= Fyl] Paper
IRAND HINMR SPECTRAL STUDIES

Theprincipal IR bandsof (HFCPA) and its metal
complexesarelistedin TABLE 2. The IR spectrum of
(HFCPA) (Figure 1) showsavery strong band at 1683
cm! attributed to v(C=0)?2. Two medium intensity
band at 1645 and 1012 cn! are assigned to v(C=N)Z

TABLE 2: IR spectral dataof HFCPA and itsmetal complexes.

Compound v(C=0) v(C=N) V(>C:N-N:C<) 390 y(N-N) v(C-O) bf;t?:ﬁg v(M-0) v(M-N)
HFCPA 1683 1645 1293 1012 1082 - -
[Co(HFCPA)Cl,(H,0),] 1661 1624 1273 1025 1086 518 450
[Ni(HFCPA)Cl,(H,0),] 1661 1624 1272 1024 - 1087 521 456
[CO(FCPA),(H,0),] 1620 1295 1046 1335 1085 480 445
[Ni(FCPA),(H,0),] 1620 1296 1039 1334 1082 500 470
[CU(FCPA),] 1618 1296 1051 1334 1081 485 440
[Zn(FCPA),] 1618 1280 1016 1344 1079 503 450
[UO,(FCPA)(OAC)(H;0),] - 1630 1295 1026 1341 1083 480 430
[CA(HFCPA)Cl,)] 1703 1620 1296 1014 1111 500 430
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Figurel: IR spectraof: a- HFCPA

and v(N-N)24| respectively. Thestretching vibration
band of the NH group®! liesat 3190 cm. The breath-
ing vibration band of thefuran ring and the bending vi-
bration of (C-O-C)8 group appear at 1082 and 1293
cn?, respectively.

The!H NMR spectrum of HFCPA in DM SO-d6
(Figure 2) showsasignal at 6 11.5 ppm which disap-
pearsupon adding D,O. Thissignal isassignedto the
NH proton. Themultisigna appear intheregion 6 6.6-
7.9 ppm are attributed to the protons of phenyl and
furanrings. Thesinglet observed at 6 8.2 ppm is due to

the azomethine proton. The sharp singlet appearsat 6
2.5 ppm may be assigned to the protonsof CH,, group.

A comparison of the IR spectraof (HFCPA) with
those of itsmetal complexes(TABLE 2) alowsusto
determinethe coordinating atom in thedifferent types
of theisolated complexes.

In the complexes [M(HFCPA)CI (H,0),]
(M=Co(Il) or Ni(ll)), HFCPA acts as a neutral
bidentateligand coordinating through the carbonyl oxy-
gen atom of (C=0) in the keto form and the nitrogen
atom of the azomethine group (C=N), forming five
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Figure2: *H NM R spectrumof HFCPA

member ring including the metal atom. Thisbonding
mode (Structure 7) is supported by thefollowing ob-
sarvations. (i) bothv(C=0) and v(C=N) shifts to lower
wave number, (ii) v(N-N) shifts to higher
wavenumber,(iii) the appearance of new bandsinthe
regions 518-521 cm*and at ca. 450 cm™ assigned to
v(M-0)2 and v(M-N)i#, respectively.

Cl Cl
(M=Co(ll) or Ni(l1))

Sructure(7)

In the complex [Cd(HFCPA)CIL,] (Figure 3),
HFCPA also actsas aneutral bidentate, but coordi-
nating viathe azomethine nitrogen (C=N) and the het-
erocyclic oxygen atom . Thismode of complexation
(Structure 8) is suggested on the basis of following
observations:(i) v(C=N) shifts to lower wavenumber,
(ii) thering breathing vibration showsas gnificant shift
(29 cm®) to higher wavenumber(®¥, (iii) the appear-
ance of new bands at 509 cm* and 430 cm' attrib-
uted to v(Cd-0)?¥ and v(Cd-N)?7, respectively and
(iv) v(C=0) slightly shifts to higher wavenumbers
(1703 cm'?), indi cating that the carbonyl oxygen (C=0)
isnot taking part in coordination.

\\\\\ 0 170 S 1340 (100} ) T ]

Figure3: IR spectraof [Cd(HFCPA)CI,
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Coordination of HFCPA in the[Cd(HFCPA)CI ]
complex asaneutral ligand have been substantiated
further by the 'H NMR spectrum of the Cd(I1) com-
plex (Figure 4). TheH NMR spectrum shows no
significant changesin the position of signalsdueto
all protons.

1.837

ppm

Figure4: "H NM R spectrumof [Cd(HFCPA)CL]

In the complex [UO,(FCPA)(OAc)(H,0),] and
[M(FCPA),(H,0) ] (M=Co(ll), Ni(Il), Cu(ll) and
Zn(11); n=0o0r 2), HFCPA behavesasamononegative
bidentateligand coordinating viatheazomethine nitro-
gen (C=N) and the deprotonated carbonyl oxygen (=C-
O) group. Thismodeof chelation (Structure9) issup-
ported by thefollowing evidences: (i) the disappear-
anceof v(C=0), v(NH) and v(C=N) with simultaneous
appearance of new bandsinthe 1334-1344 and 1618-
1630 cm* regions assigned to v(C-0)*! and the
stretching vibration of the conjugation (C= N-N=C)9,
respectively, (ii) the appearance of new bandsin the
low frequency regions 480-503 and 430-470 cm* at-
tributed to v(M-0)?8 and v(M-N)27, respectively.

Ph—O—CHy—er— H
2 /C_N\_l_@
(@) N=C
\ ¥ o
X7M;X
(0] N:C@
\ /

Ph—O-CH,—C=N | ©
(M=Co(Il) or Ni(Il), X=H,0 and M=Cu(ll) or Zn(l1), X=nil)

Sructure (9)

Strong evidence for the deprotonation of the
enolized carbonyl (=C-OH) group comesfromtheH
NMR spectrum of the diamagnetic [Zn(FCPA),] com-
plex (Figure 5) which show the disappearance of the
signal at 611.5 ppm due to the NH proton.

In the spectraof al the metal complexes except
[CA(HFCPA)CIL], the breathing vibration band of the
furan ring and 8(C-O-C) remain more or lessin the
same position, indicating that the oxygen atom of the
furan ring doesnot participatein coordination. Thespec-
trum of uranyl acetate complex [UO,(FCPA)(OAc)
(H,0),], showstwo new bandsat 1540 cm* and 1438
cm* assignabletov,_ (O-C-0O) andv (O-C-O), respec-
tively of the acetate group, thedifference between these
two bandsindi cates bidentate coordination of acetate
groupt®¥ asshownin Structure 10.

OH,

Sructure (10)
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Figure5:'™H NMR spectrumof [Zn(FCPA),]

Theuranyl complex exhibitstwo bandsat 925 and
805 cm* assignedtov, and v, vibrations, respectively,
of thedioxouraniumions®. Thev, valueisused for
thecal culation of theforce congtant (F) of the (O=U=0)
bond by themethod of M cGlynnand Smith®2,

(v,)2= (1307)4F, ) /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 culate the bond distance (R
R, =1.08(F )+ 117

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

u-o):

The hydrated complexeswere heated inan oven
up to 120°C. No water moleculeswereremoved indi-
cating the presence of water molecule(s) intheinner
coordination sphere.

MAGNETICAND ELECTRONIC
SPECTRAL STUDIES

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

Theelectronic spectraof [Co(FCPA),(H,0),] and
[Co(HFCPA)CI,(H,0),] complexesexhibit two ab-
sorption bands in the 16667 — 16977 and 19230 —
20838 cmrt regions, assignableto 4T1g — 4A2g and

TABLE 3: Magnetic moments, electronicbandsand ligand filed par ameter sof HFCPA and itsmetal complexes.

Compound Band Position Assignment B B Dy M (B.M)
41 4
[Co(HFCPA)Cl,(H,0),] 16977 o—>"%af) g9 097 007 48
20.838 4 s
T1g——="T14(p)
4 4
[Co(FCPA)(H0).] 16.667 ") g 0ss s 54
19.230 4 s
T1g——="T14(p)
°A 3T 4(f
[Ni(HFCPA)Cl,(H,0),] ;ngg? 3A2:g BTZZ((;) 928 0.89 1034 2.9
, 15.049 $A2g——3T14(f)
[Ni(FCPA),(H,0),] 27 778 3Azg" 3Tllgg(p) 1059 1.02 898 28
18.242 Big——?Ayg
18.868 2ty — ", , :
[UOZ(FCPA)(OAC)(HZO)Z] 31.746 n - Diamagnetic

Tnorganic CHEMISTRY
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4T1g — 4T1g (P) transitions, respectively. Thecal-
culated D,B and 8 values (TABLE 3) lieintherange
reported for octahedral structure®. The magnetic mo-
ment value (5.4- 4.8 BM) respectively, liewithin the
rangeof Co(Il) ioninoctahedra structure.

Theelectronic spectraof [Ni(FCPA).(H,0),] and
[Ni(HFCPA)CI(H,0),] complexes show two bands
inthe 15049— 16806 and 27778 —28121 cm'regions
assignabletotheAzg—> 3Tlg(F)(02) and 3Azg—>
3Tlg(P)(1)3) trangitions, respectively in octahedra envi-
ronmentsaround nickel (I1) iont®, Thecalculated va-
uesof theligand filed parameters(TABLE 3) lieinthe
range reported for octahedral structure. Also, themag-
netic moment values(2.8—2.9 BM) are consistent with
those reported for octahedral geometry!>™.

Theéelectronic spectrum of [Cu(FCPA),] complex
shows aband at 18242 cm* assigned to ?B, | —
A 19 trangition in square planar geometry. Theband at
37037 cmrt may be due to charge transfer, respec-
tively. Also, the value of magnetic moment (1.9 BM)
liewithin the range of Cu(ll) ion*638, ESR spectra,
which isconsidered asan empirical index of square
planar geometry for [Cu(FCPA),] (TABLE 4) the gl/
A quotient is 13319,

TABLE 4: ESR data of the copper (I11) complexesat room
temperature.

B> Symm.
4.3 133 097 0.89 Dy,

Complex O 9 A”(Cm-l) G g”/A” l'l2
[CU(FCPA),] 2.41 208 180

TheUV spectrumof the[UO,(FCPA)OACc(H,0),]
complex showstwo bands at 18868 and 31746 cn?
assignableto'x* — *x transition of dioxuraium
(V1) and chargetransfer probably n — n* transi-

tion, respectivelyid,
Sudyingthecorraosion behavior of aluminum by
thechemical technique

Figure 6 showstheweight loss- timecurvesfor the
corrosion of aluminumin0.5M hydrochloricacidin
the absence and presence of different concentrations
of theinvestigated compound at 30°C. Asshownin
thesefigure, by increasing the concentration of these
compounds, theweight lossof aluminum samplesare
decreased. Thismeansthat the presence of these com-
poundsretardsthe corrosion. The decreasein corro-
sonrateof duminumin 0.5M hydrochloricacidinthe
presence of thesesinvestigated compoundsindicates

—= Fyll Poper
that these compounds act asinhibitorg“Y,

6 —®— Blank
—e—5x107
1x107
—w—5x10"
1x10°7°
—<4—5x107

~
|

w
PR
L ]

2
Weight Loss, mg cm
o
1

0

SID 6‘0 9‘0 12‘0 !E:D 'IBIO
Figure6: Weight loss-time curvesfor thecorrosion of alu-
minumin 0.5M HCI intheabsenceand presencesof differ-
ent concentration of compound (HFCPA) at 30°C

Thelinear variation of weight losswithtimeinunin-
hibited and inhibited 0.5M hydrochloric acidindicated
theabsenceof insolublesurfacefilmsduring corrosion.
Inthe absenceof any surfacefilme, theinhibitorsare
first adsorbed onto the metal surface and thereafter
impede corrosion either by merely blocking thereac-
tiongtes(anodicand cathodic) or by dteringthemecha
nism of the anodic and cathodic partia processes. The
percentageinhibition efficiency (% | E) of theinvesti-
gated compounds (TABLE 5) was determined using

AW - AW,

theequation % |E = Lx100,

TABLE5: % Inhibition efficiency (% |E) at different con-
centrationsof theinvestigated compoundsfor thecorrosion
of aluminumin 0.5M HCL at 30°C.

Concentration M

HFCPA (%IE)

5x 10° 333
1x10* 424
5x 10* 63.6
1x10° 81.8
5x 10° 87.9

Antimicrobial activity bioassay

Theantimicrobia activitiesof ligand and complexes
against Bacillus thuringiensis and pseudomonas
aureginosaaresummarized in TABLE 6. Growth inhi-
bition zonesare proportiond totheantimicrobia activ-
ity of thetested compound . Thedatasuggest that Gram-
Positiveand Gram-Negative bacteriawere affected by
the tested chemicals with strongest activity for
[Co(HFCPA)CI(H,0),] complex, aso, [Ni(HFCPA)
Cl(H,0),] for G+vebacterid*.
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TABLE 6: Inhibition zonesdiameter (1.Z.D.)inmmasacrite-
rion of antibacterial activity of theligand and somecomplexes
at concentration level of 2mgml-2,

Bacteria
Compounds Bacillus Pseudomonas
(G+ve) (G-ve)
|.Z.D.(mm) |.Z.D.(mm)
HFCPA 0 0
[Cu(FCPA),] 0 0
[CA(HFCPA)CI,] 0 0
[Co(HFCPA)CI,(H,0);] 16 18
[Ni(HFCPA)CI(H,0),] 13 0
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