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ABSTRACT

The synthesis and characterization of complexes of Co(ll), Cu(ll), Ni(ll),
Hg(l1), Mn(11), Cd(I1), Pd(I1) and UO,(V1) with thiophene-2-carboxal dhyde
phenoxyacetyl hydrazone (HTCPA) (Structure 1) are reported. Elemental
analyses, molar conductivities, magnetic measurements and spectral (IR
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and visible) studies have been used to elucidate their structure. The IR
show that (HTCPA) behaves as neutral or mononegative bidentate ligand.
Different stereochemistries are proposed for each of the Co(I1), Cu(l1), Ni(l1)
and Mn(Il) complexes on the basis of spectral and magnetic studies.
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INTRODUCTION

A large number of Schiff bases derived from 2-
thiophened dehydes or keton™? have been studied for
their interesting and important properties, e.g. cataytic
activity, complexing ability and diversebiologica ac-
tivities, such asantibacteria and antitumor activities.
Also, there havebeen few reports about themetal com-
plexesof hydrazonesderived from 2-thiophene ade-
hydes*® The present study was under taken to throw
morelight on the chelation behavior of hydrazone de-
rived fromthiophene-2 carboxa dehydestowardssome
trangition metal e ements, which may helpin moreun-
derstanding of the mode of chelation of HTCPA to-
wardsthemetal.
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EXPERIMENTAL

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

Synthesisof theligand was prepared by refluxing
an ethanolic  solution  (100ml)  of
phenoxyacetylhydrazine (16.6 gm, 0.1 mol) and
thiophene-2-carboxa dehyde (11.2 ml, 0.1 mol) for 0.5
h. Upon cooling, apaleyellow crystal separated out.
The product wasfiltered off, washed with ethanol and
diethylether, recrystllized from absol ute ethanol and fi-
nally dried inadesiccator over fused CaCl,,, yieldH”
23.6gm,m.p 164° C.
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Synthesis of metal chelates

The complexes, [M(HTCPA)CI(H,0) ], (M=
Mn(ll), n=2; Cd(ll) or Hg(ll), n=0) and

—= Fyll Poper

their dementd anadysesand conductivitiesarelistedin
TABLE 1. Theformation of complexesmay berepre-
sented by thefollowing equation

[M(TCPA)CI(H,O),] (M=Ni(ll) or Co(ll)) werepre- EtOH
pared by adding anethanolicsolution (25 mi) of HTCRA () MCl2 #HTCPA 2o [M(HTCPA)CI(H,O),)

(0.26 gm, 1 mmole) to the corresponding metal chlo-
rides(1 mmole) inthe same sol vent. The reaction mix-

(M =Mn(l1); n=2and Cd(I1) or Hg(l1); n=0)

tureswere heated under reflux for 1h. The[Cu(TCPA),] (i) MO, + HTCPA EtOH T CPAICI OV HC]
complex wasprepared by same method using ethanolic 2 Reflux,lh) [M(TCPA)CI(H0)d]

solution (50 ml) of HTCPA (0.52 gm, 2 mmole) and
copper chloride (1 mmole).

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

The complexes, [UO,(TCPA)OAC(H,0),] and  (iv) co(0Ac), + AHTCPA_ L JHEHS EIOH [CO(TCPA),(H,0),]+2AcOH
[Cu(TCPA)OAC] wereprepared by mixing an ethanolic Reflux, 05h
solution (25 ml) of HTCPA(0.26 gm, 1 mmol €) tothe () CU(OAG), + HTCPA Aqueous EtOH CU(TCPAYOAGACOH
corresponding meta acetates (1 mmole) in 25 ml etha Reflux, 0.5 h
nol or water. The[Co(TCPA),(H,0O),] complex was Aqueous EtOH

prepared by the same method using ethanolic solution
(50 ml) of HTCPA (0.52 gm, 2 mmole). The
[PA(TCPA),] was prepared by adding aqueous solu-
tion (25 ml) of Na,PdCI, (0.09 gm, 1 mmole) to
ethanolic solution (50 ml, 2 mmole) in presence of so-
dium acetate. The mixtureswere heated under reflux
for0.5h.

RESULTSAND DISCUSSION

The physical dataof the complexestogether with

(vii) Na,PdCl, +2HTCPA [PA(TCPA),]+2NaCl+2HCl

Reflux, 0.5 h

Theresultsindicatesthat all metal complexesare
stableinair andinsolublein most organic solvent and
most of them are completely soluble in dimethyl-
formamide(DMF) and dimethylsulphoxide(DM SO). The
molar conductivities(A )inDMSOat 25 C (TABLE
1) for all complexesareintherange (1 - 12) ohm*cnv
mol 2, indicating their nond ectrol ytic naturg®.

IR and HINMR spectral studies
Theprincipa IR bandsof (HTCPA) and itsmetal

TABLE 1: Analytical and physical data of HT CPA and itsmetal complexes

Empirical Ydid M.P. % calc (found) A%,in

Compound Formula o GOl e c H M CI __DMSO
HTCPA CuHi2 N2O,S 90 Y\?Ivlrm? 164 60.0(59.7) 4.6(4.8) - - -
[MN(HTCPA)Cla(H,0);] MnCisHigN,O,SCl, 80 White  >300 37.0(37.2) 3.8(3.6) 13.0(13.2) 16.8(16.9) 2
[CA(HTCPA)CI;] CdCuHLN,0,SCl, 84 White >300 35.2(35.0) 2.7(2.7) 25.3(25.4) 16.0(16.4) 4
[Hg(HTCPA)CI,] HgCisH1N,0,SCl, 80 White gthg’%e 29.4(29.2) 23(2.3) 37.7(37.5 13.3(131) 6
[Cu(TCPA)OAC] CuCisHLON,S 85 bfgjv\?n >300 47.2(47.0) 3.7(4.0) 16.6(16.4) - 12
[Ni(TCPA)CI(H,0)]  NiCiHuN,OsSCl 90 Green 230 38.3(38.1) 3.4(4.4) 14.4(14.2) 8.7(85) 10
[CO(TCPA)CI(H,0)]  CoCisHisN,0sSCI 89  Brown >300 38.3(38.1) 3.4(4.1) 14.4(14.4) 8.7(8.5) 9
[Co(TCPA)»(H:0)7] CoCasHaN:OsS, 88  Green 225 50.9(50.7) 4.3(4.4) 9.6(9.4) - 8
[CU(TCPA),] CuCxHxN/O,S, 85  Brown gthgrl%e 53.6(53.4) 3.8(4.0) 10.9(10.7) - 8
[PA(TCPA),] PACsH»N:OsS, 90 Yellow 240 50.0(49.7) 3.5(3.9) 17.0(17.2) - 1
[UOTCPA)OAC(H,0);] UCisHigN,0sS 90 Yelow >300 28.8(28.4) 2.9(3.0) 38.1(38.4) - 2

(A% )=Q*cm?mol*
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complexesarelistedinTABLE 2.

TABLE 2: IR spectral dataof HTCPA and itsmetal complexes

Compound v(C=0) v((C-Sring V(C=N) v(C=N)" v(N-N) ©v(C-O) v(M-O) v(M-N)
HTCPA 1681 1345 1635 - 1223 - - -
[Mn(HTCPA)CI(H.0),] 1670 1345 1609 1303 506 420
[CA(HTCPA)CI;] 1657 1342 1610 1302 510 420
[Hg(HTCPA)CI;] 1655 1347 1609 - 1293 - 512 430
[CU(TCPA)OAC] - 1355 1605 1630 1280 1115 507 435
[Ni(TCPA)CI(H,0)5] - 1355 1610 1633 1309 1126 510 422
[Co(TCPA)CI(H0)3] - 1345 1603 1630 1224 1143 520 420
[Co(TCPA)2(H-0),] - 1369 1603 1640 1293 1083 515 430
[CU(TCPA),] - 1357 1600 1630 1245 1117 515 420
[PA(TCPA),] - 1354 1610 1636 1305 1126 520 434
[UO, (TCPA)OAC(HO),] - 1387 1610 1645 1249 1096 514 428

The IR spectrum (Figure 1) of (HTCPA) shows
three strong bands at 1681,1635 and 1223 cm™* as-
signed to v(C=0),v(C=N)® and v(N-N)!¥, respec-
tively. Thev(C-S-C)19 stretching band of thiophene
moiety appears as astrong band at 1345 cm™. The
medium intensity band at 3410 cm isprobably dueto
v(NH)*vibration.
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A comparison of the IR spectraof (HTCPA) and
itscomplexes(TABLE 2) showsthat the characteritic
absorption bands of thefreeligand are shifted on com-
plexation and anew vibration bands characteristic of
the compl exes appear showing that HT CPA behaves
inaneutra bidentate and/ or amononegetive bidentate
manner depending upon the metal salts used and the

ue <
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Figurel: IR spectraof HTCPA

conditionsof preparation aswell asthepH of the solu-
tion™4,

TheH NMR spectrum of HTCPA (Figure.2) in
DMSO-d, showsasigna at 6 11.70 ppm, which dis-
appearsupon adding D,O. Thissignal isassignedto

NH proton. The multisignalsinthe s 7.8 - 8.6 ppm
region are assigned to the aromatic protons of phenyl
andthiophenerings.

ThelR spectra dataof al the reported complexes,
except [M(HTCPA)CIL(H,0) ] (M=Cd(II), Mn(ll),
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Figure2: ™H NMR spectrumof HTCPA
Hg(I); n=0or 2), show that HTCPA coordinatesina PhOCH,
mononegative bidentate manner viathe azomethineni-
trogen (C=N) and the enolized carbonyl oxygen (=C- =N || ||
OH)2 with the displacement of hydrogen atom from | N CTTN
thelatter group, forming five member ringincluding the % 0\{/ % }II '
metal ions. Thismode of complexation (Structure 2 - TN o ‘
4) aresupported by thefollowing observations: (i) the s /
disappearance of v(C=0)"and v(NH)*" with simul- \g ,
taneous appearance of new bandsin the 1630- 1645 |
and 1083-1126 cn* regions, assignabletov (C=N")*3 CH;
andv(C-0)*, respectively, (ii) v(C=N)shifts to lower Sructure3: (M =Cu(ll), X=nil; M =U(VI)O,, X=H,0)
PhOCH,

wavenumber,whilev(N-N) shifts to higher wavenumber
(iii)u(C-S-C)1* remainsmoreor lessin thesame posi-
tion, indicating thenon involvement of the sulphur atom
in coordination and (iv) the appearance of new bands
inthe 507-520 and 410-435 cmr regions assigned to
v(M-0) and v(M-N)I*"), respectively.

On the other hand, the IR spectral data of
[M(HTCPA)CIL(H,0) ], (M=Cd(ll), Mn(1l), Hg(ll);
n=0 or 2) shows that HTCPA behaves as a neutral
bidentate*? ligand coordinating viathe carbonyl oxy-

N
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| \}': —| |
0 T ~g
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Sructure2: (M =Ni(ll) or Co(l1))
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PhOCH,
Sructured: (M =Cu(ll)or Pd(11), X =nil; M =Co(ll), X =
H,0)

genatom (C=0) intheketo form and the nitrogen atom
of theazomethinegroup (C=N) forming afive member
ringincluding the metal atom. Thismode of complex-
ation (Structure 5) issuggested by thefollowing obser-
vations: (i) both v(C=N) and v(C=0) shift to lower
wavenumber, (ii) v(N-N) shifts to higher wavenumber,
(iii) v(C-S-C)*d remainsmoreor lessin the same po-
gtionindicatingthenoninvolvement of thesul phur atom
in coordination and (iv) the appearance of new bands
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inthe506-512 and 420 -430 cm* regions assigned to

PhOCH,

R
0\ / T \\s
—N———( H
7N
Cl1 Cl

Sructure5: (M=Cd(l1)or Hg(l1),X=nil and Mn(I1),X=H,0)

v(M-0) and v(M-N)*, respectively.

In the '"H NMR spectrum of [Cd(HTCPA)CL]
complex (Figure.3), thesgnd duetothehydrazideNH
undergoesawesk field shiftingto 6 11.3 ppm, suggest-
ing coordination of the adjacent hydrazide (C=0)

and(C=N) tothemetal ion.1*8

Theuranyl complex exhibitstwo bandsat 929 and
873 cm* assigned tov, and v, vibrations, respectively,
of the dioxouraniumiong®. Thev, valueisused for
theca culation of theforce congtant (F) of the (O=U=0)
bond by the method of McGlynn and Smithi? ;
(v,)>=(1307)4(F , ) /14.103

The calculated force constant isfoundto be 7.125
mdyne A L. Theva ueof theforce constant for theura:
nyl complex wasthen subgtituted intotherelaion given
by Jones?! to cal cul atethe bond distance (R
R, =1.08(F ) ¥+ 1.17

The value of the bond distance (R

u-o):

=1.73 as

u-o)

well asthe cal culated valueof thebondforce, F ., fall
SR PV W
|
L-L-A. £ UGS, " -
o  rre : p 28 2. o0 1 E P
-1} A S
sag ow 1 ] 1 aa aa 1 1 jre masa
.Ir‘ &I\u & b - ] : = 1 0 e
85 g 5

Figure3: 'H NM R spectrumof [CA(HTCPA)CIL,]

intheusua rangefor theuranyl complex(?,

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

Magnetic and electronic spectral studies

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

The electronic spectra of [Cu(TCPA)OACc] and
[Cu(TCPA),] complexes show a broad band with a
maximum intherange 14310-14880 duetothe’B —

2A1g trangtionsinasgquare planar geometry (Figure4,5).
The bands in the range 34090 - 38229 cm* may be
assignedto chargetransfer. Also, theva uesof ., (1.85-
2.3BM) liewithintherangeof Cu(ll) ion=24

The electronic spectra of [Co(TCPA)CI(H,0),]
and [Co(TCPA),(H,0),] complexes exhibit two ab-
sorption bands in the 13889 -16950 and 18369 -
20400 cm* regions, assignable to *T, —*A, and
4T1g—> 4T1g (P) trangitions, respectively. Thecalculated
D, B and B values (TABLE 17) liein therange re-
ported for octahedral structure?!. Also, the magnetic
moment values (4.8-5.2 BM) areadditional evidence
for an octahedral structure.

Tnorganic CHEMISTRY
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TABLE 3: M agnetic moments, electronic bandsand ligand filed parameter sof HTCPA and itsmetal complexes

Compound Band Position Assignment B B Dq Mgt (B.M)
14.310 By, — » ?Ag
[Cu(TCPA)OAC] 34,000 . - - - 1.85
14.880 By —> Ag
4. 4
[CO(TCPA)CI(H,0)s] 13.889 >0 852 088 740 48
18369 4Tlg 4Tlg(p)
4. 4
[CO(TCPA)(H;0);] 16950 >0 900 094 905 52
20.400 4Tlg _>4Tlg ()
A 2 3T(f
[Ni(TCPA)CI(H,0)s] %21332 3Az 3Tij((p)) 912 088 936 31
25.974 Arg— =By, . .
[PA(TCPA),] 39 454 cT - - - Diamagnetic
17.241 2%y — . .
[UO, (TCPA)OAC (H20)2] o5 542 nH— - - - Diamagnetic
18.518 A1y T T 14(G) -
Mn(HTCPA)CI,(H,O 9 g - - 53
[ ( ) 2( 2 )2] 30.590 6A1q ,4T2q(G)
*lh e
k ™
| A7
i § A
: \
b - /
ﬁ 05 k E |’ ¥, Ili
s |\ \\ ¥ e "
£y " e T
% S g || \
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. 2 ]! |
n I
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W0 4N 500 s I YU '1.
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Warzlen—th (nm) 31 At : ; L | :
Figure4: Electronic spectraof [Cu(TCPA)OAC] ) S 1 &
Thespectrumof [Ni(TCPA)CI(H,O),,] complex ex- . s
2Ol w arler st (o)

hibit two absorption bands at 15385 and 26385 cm'®
assignable to the °A, —>3T (F) (v,) and
*A, —FF (P)(u3) trangitions, respectlvelyln octahedral
enV| ronments around nickd (1) ion?3, Thecaculated
vauesof theligandfiled parameters (TABLE 3) liein
therangereported for octahedra structure. Also, the
magneticmoment vaue(3.1BM) isconsstent withthose
reported for octahedral geometry!?,
The[Pd(TCPA),] complex isdiamagnetic andits

Figure5: Electronic spectraof [Cu(TCPA)Z2]

electronic spectrum shows two bands at 25974 and
39454 cm* assignableto A —>1E and chargetrans-
fer, respectively in squarepl anar geometry[27 2,

The UV spectrum of the [UO,(TCPA)(H,0),]
showstwo bandsat 17241and 25542 cm* assignable
toX* —»?m transition of dioxuraium(V1) and charge
transfer probably n—r" trangition, respectivel yi.
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Finaly, the[Mn(HTCPA)CI,] complex (figure.6)
showstwo bandsat 18518 and 30590 cn* which may
bedueto®A ~*T, (G) and°A, »*T, (G) transition,
respectively inan octahedra configuration™ aroundthe
meta ion. Also, thevdueof magneticmoment (5.4 BM)
liesintherange measured for high spind® system.

2.0~
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&
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h,
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Q
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uu i

500 BUL 700
TA awvelength (nm)
Figure6: Electronic spectraof: [Mn(HTCPA)CI(H,0),]

' '
SN w400

Sudyingthecorrosion behavior

Theinhibitionaction of HTCPA onthedissol ution of
aduminumin0.5M HCl wasinvestigated. Aluminumwas
selected for thisstudy dueto itsnumerousindustria ap-
plicationsand consequently itscorrogoninhibitionin pick-
ling bathsisof grest importance Theinhibition efficiency
depends on the additive compounds depends on many
factorswhichincludethe number of adsorption active
centersandtheir charge density, molecular szeandthe
mode of inter action with metal surface®” Weight loss
determinationg® of duminumin0.5M HCl after 30min
yidded convincing evidencefor thegpplicationof HTCPA
asactivecorrosoninhibitor (TABLE 4) themaximum
efficiency 1s40.2% for the concentration of 5x10 mol
L*whichindicatesexcelent corrosoninhibition for au-
minum®!, Also, testsfor corrasion current gaveresultin
thesameway asweight lossdoes.

TABLE 4: (% Inhibition efficiency (%1 E) at different con-
centrationsof theinvestigated compoundsfor thecorrosion
of aluminumin 0.5M HCL at 300C)

Concentration M HAPPA (% IE)

5x10” 25.0
10" 35.0
510" 63.3
w0 80.0
5x10° 84.2

Antimicrobial activity

Theantimicrobia activitiesof ligand and complexes
against Bacillus thuringiensis and pseudomonas
aureginosaaresummarized in TABLE 5. Growth inhi-
bition zonesare proportiond totheantimicrobial activ-
ity of the tested compound. The data suggest that
[Hg(HTCPA)CI,] complex show higher activity against
both gram-positiveand gram-negati ve bacterium. How-
ever, cobalt (I11) and Manganese (11) complexeshave
similar antimicrobia activity!® against gram-positive
bacterium.

TABLE 5: Inhibition zonesdiameter (1.Z.D.) inmm asa

criterion of antibacterial activity of theligandeand itscom-
plexesat concentration level of 2mg ml?

Bacteria
Compounds Bacillusx(G  Pseudomonas(G —

+ve) ve)

.Z.D.(mm) 1.Z.D.(mm)
HTCPA 10 0
[Hg(HTCPA)CI] 30 16
[Mn(HTCPA)Cl;(H20).] 15 0
[Cu(TCPA)OAC] 0 0
[Co(TCPA)CI(H20)s] 23 0

CONCLUSION

Our work report the preparation and characteriza-
tion of somenew fivememberdring chdatesof HTCPA,
thebehavior of HTCPA and their ability to coordinate
throughthevariouspotentid stes, however, it wasfound
that the this compound retard the corrosion. Also,
mercury(l1) complex show appreci able antimicrobial
activity.
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