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ABSTRACT

A seriesof biologically active phenazone (4-aminoantipyrine) — derived Schiff-base ligands have been synthesized by
the condensation reaction of 4-aminoantipyrine with picolinaldehyde and furan-2-carbaldehyde. Then their Cobalt
(1), Nickel (11) and Zinc (1) complexes have been prepared and characterized by different analytical and spectral
methods: FT-IR, electronic spectral studies, magneti c susceptibility measurements, atomic absorption, Molar conduc-
tivity measurements, molar ratio studies and melting points. The molar conductance measurements of the complexes
in DM SO correspond to be electrolytic naturefor all prepared complexes. Onthe basisof FT-IR and el ectronic spectral
studies all complexesdisplay an octahedral geometry around the metal center in (1:1) (L:M). A theoretical treatment of
the formation of complexes in the gas phase was studied, this was done using the HY PERCHEM-6 program for the
Molecular mechanics and Semi-empirical calculations. The biological evaluation of the free ligand in comparison to
their complexed have been determined against bacterial strains e.g., Escherichiacoli and Staphylococcus. Finally, it
was found that compounds show different activity of inhibition on growth of the bacteria.

© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Schiff-basesand metal complexesareimportantin-
termediatesin certain biological processes3. Much
work has been reported on the Schiff-bases, due to
their interesting ligationa aswell asbiological behav-
ior*¢l, Despitethe controversy that al virusesare can-
cer-producing agentsbut, thereisno longer any ques-
tion that certaintypesof cancer areviruscaused, if not
al, most of the cancershave one or moreviruses asso-
ciated with them®. Sciencevirusescontain proteinsand
nucleic acid unitsand some atoms of which areexcel-
lent coordinating agents, therefore, it attractsthe aten-
tion of researchesto study their interesting ligationa and
biologica behavior. Previoudy wehaveextensvey sud-
ied”8. Thepossibility of dteringthebiologica activity

viaitscoordinationand/or chelationtothemetal atoms
withtheexpectation that thisaterationwill resultinthe
eiminationor diminution of itshiologicd activity®1. In
continuation to the same, we now wish to report novel
bi ol ogically active Schiff-base compounds (Figure 1)
chelation/ coordinationontheir biological activity.

Inview of theabovein this paper wearereporting
the synthesi s and spectroscopi ¢ characterization of Co
(11, Ni (1) and Zn (I11) complexeswith anovel Schiff
basetridentateligand (Figure 1).

EXPERMENTAL

Physical measurements
A Fisher-100 infrared spectrophotometer was
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used to recorded the IR spectraas KBr and Csl disc,
UV/VIS spectrawere measured by aHITACHI U-
2000 spectrophotometer. Determination of all metals
percentage by atomic absorption spectrophotometry
onAA-680G (Shimadzu). Electrica conductancewas
measured on conductivity CDC304 (Jenway4070)
Meélting points determined by an €l ectric heated block
apparatus (Gallen Kamp), and were uncorrected.
Room temperature magnetic susceptibility measure-
mentswere carried out on aB.M 6 BRUKER type
magnets, balance, Diamagnetic correction wasdone
using pasca constants.

Materials

All thechemicalsused wereof Andar grade, and
procured from (BDH chemicasor Sgma-Aldrich). metd
saltswereused aschlorides.

(A) Preparation of Schff-baseligands

Thehot ethanolic solution (20 ml), of 4-amino anti-
pyrine (0.204 g, 0.01 mole), and ahot ethanolic solu-
tion (20 ml), of picolinaldehyde (0.107 g, 0.01 mole)
weremixed dowly with constant stirring. thismixture
wasrefluxed at ~ 75°C for 2 hr. inthe presence of 2-3
dropsof concentrated hydrochloric acid. Cooling gave
an off-whiteprecipitate, which wasfiltered, washed with
cold EtOH, thenwith ether and dried. crystallizationin
hot ethanol gave (L1) (yield 79%), m.p.148-150°C by
using therespectivereagentsin thesamemolar ratio.

(B) Preparation of complexesof L1

Thehot ethanolic solution (20ml) of L1 (0.76 g,
0.002 mole) and hot ethanolic (20 ml) solution of cor-
responding metd salt (0.002 mol€) weremixed together
with congtant stirring. themixturewasrefluxedfor 1 hr.
at 55-80°C, cooling gives a colored complexes, it was
filtered, washed with cold EtOH and dried under
vacuum. Thephyscd propertiesof prepared complexes
arelisted in TABLE 1. The molar ratio of the com-
plexes was determined according to the methods'*Y,
All other meta complexeswere prepared respectively
following thesamemethod

(C) Antibacterial studies

The synthesized complexes, in comparison to the
uncomplexed Schiff-baseligandswerescreened for their
antibacteria activity against pathogenic bacterid spe-
cies, whichincluded Escherichiacoli, asgram negetive

(-Ve) and Staphylococcus aureus as gram positive
(+Ve). the paper disc diffusion method*? was adopted
for the determination of antibacterid activity.

RESULT AND DISCUSION

Physical prosperities

The Schiff-bases (LI and L.2) (Figure 1) were pre-
pared by refluxing an appropriate amount of 4-
aminoanti pyrine and respective aldehydein hot etha-
nol in 1:1 molar ratio. the structures of these Schiff-
base ligandswere established with thehelp of their IR
and UV-Visible (TABLE 1). All of the metal com-
plexes (1-6) (TABLE 2) of these Schiff-baseswere
an stable and prepared by the stoichiometric reaction
of therespectivemetalsastherechloridesand there-
spective Schiff-basesin molar ratio (M:L=1:2). The
complexesareintensity coloed and amorphous sol -
ids, which decompose. They areinsolublein common
organic solventslike ethanol, methanol or acetone but
only solublein DM SO and DMF. Their solubility na-
tureand elementa anaysisdatasuggest that they are
monomers. Molar conductance val ues of the soluble
complexesin DM SO show high value (90-110 ohm
cm? mol?) indicating that they are all complexes
electrolyteicin naturg34,

Infrared spectra

IR spectraof the Schiff-bases showed the absence
of bands at 1750 and 3310 cm™* due to the carbonyl

/
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(E)-1,5-dimethyl-2-phenyl-4-(pyridin-
2-yImethyleneamino)-1H-pyrazol-3(2H)-one

L1

XY SN
o) o
(E)-4-(furan-2-ylmethyleneamino)-
1,5-dimethyl-2-phenyl-1H-pyrazol-3(2H)-one
L2
Figurel: Sructureof Schiff-baseligands.
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TABLE 1: Physical and analytical data of themetal(l1) complexes

Elemental analysis

Complexes/ Moal. AM (Q* cm®mol™) M.P  Yidd per — 5
No. Formula Colour I'n DM SO () (%) BM % found (% Cal.)
M % Cl%
[Co(L1),] Cl/ . - 9.12 10.99
1 CaaHaNs0,C0 /643.60 Light brown 108 188-190 70 45 (9.16) (11.03)
[Ni(L1),] Cl, / _ 9.07 10.99
2 CaaHaNsO,Ni /643.36 Dark Ydlow 95 200-202 65 2.98 9.12) (11.03)
[Zn(L1)] Cl, . _ 1001  10.88
3 CuHaNOzn /65019  ightYellow 100 210-212 €0 (10.06)  (10.91)
[CO(L2),] Cl, / . _ 9.44 11.38
4 NG l62Lss  Lignt brown 90 10092 75 43 gue (14
[Ni(L2),] Cl, _ 9.41 11.38
5 CoMaNeONi /621,31 Yellow 110 205217 70 30 gu5  (11.42)
[Zn(L2)] Cl, . ! 1037  11.25
6 L HaNOZn /62803 gt Yellow 105 195-197 61 (10.42)  (11.30)
TABLE 2: IR and electronic spectral data of themetal (1) complexes
1
No Complexes UV/VI Sl I i ?\lpeCtr aRC'm
. A max (cm™) vC=0 vC=N v (C-N) Py. ing or vM-N wM-O
v(C-0) Furan Ring
1 [Co(L1),] Cl; 8865,17410,30115  1680s  1610m 1290m 460w 530w
2 [Ni(LD),] Cl, 8855,17845,30135  1670s  1605m 1295m 465w 535w
3 [Zn(LD)] Cl 28500 1665s  1600m 1285m 455w 520w
4 [Co(L2),] Cl, 9865,15925,29860 1660s 1590m 1500m 460w 515w
5 [Ni(L2),] Cl, 10105,16225,29815 1685s 1595m 1505m 450w 525w
6 [Zn(L2)] Cl, 28450 1675s 1615m 1507m 455w 530w

v(C=0) and v(NH,) stretching vibrations and instead,
astrong new band appeared at ~ 1630 cm* assigned
to the azomethine v(HC=N) linkage. It istrue, sug-
gested™ that amineand al dehyde moieties of the start-
ing reagents no more existed and have been converted
into their respective Schiff-base compounds (Figure 1).
The comparison of theinfrared spectraof the Schiff-
basesand their meta chelatesindicated that the Schiff-
baseswere principaly coordinated tothemeta atomin
threeways, therepresenting theligandsto act astriden-
tate. Theband appearing at 1630 and 1635 cm* dueto
the azomethine shifted to lower frequency by ~ 15-25
cmrt indicating partici pation of theazomethinenitrogen
inthecomplexation. Theband at 1310 cm* assigned to
thepyridinering (C=N) nitrogen inthe Schiff-baseligand
(L1). Theband at 1520 cm* assigned tothefuranring
(C-O-C) oxygeninthe Schiff-baseligand (L2).

The band appearing at 1720 cnmr? assigned to
v(C=0) also shifted to thelower frequency by 35-60
cnmrtinthe spectraof itscomplexesindicating partici-
pation of (C=0) group in the coordination. Further

conclusiveevidenceof thecoordination of these Schiff-
base compounds with the metal, was shown by the
appearance of weak low frequency new bandsat 515-
535 cnrt and 450-465 cm* (TABLE 3). Thesewere,
assigned to the metd -nitrogen v(M-0) and metal -oxy-
genv(M-N), respectively!*®, These new bandswere
only observablein the spectraof the meta complexes
and not in the spectraof the uncomplexed Schiff-base
compounds, thus, confirming participation of thegroups
(Oor N) inthecoordination.

Magnetic studies

Theroom temperature magnetic moment measure-
mentsof thesolid cobalt (11) complexeswasfound at
4.3and 4.5 B.M, indicative of three unpaired el ec-
tron per Co(ll) ion in an octahedral environment!4
TABLE1..

TheNi(ll) complexesshowed p . Values2.98 and
3.0B.M, corresponding to two unpaired €l ectrons per
Ni(Il) ionfor their ided sx-coordinated configuration*”
TABLE 1. TheZn(ll) complexesweredl found dia-
magnetic.
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TABLE 3: Sructural parameters, bond length (°A) and angles(°) of the [Co(LL1)] C1,complex.
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Parameters Parameters Parameters

Bond angles(®) Co(45)-0(28)-C(25) 143.3443 C(3)-0O(6)-Co(45)-N(37) 171.1985
N(37)-Co(45) 1.8360 Co(45)-N(15)-C(4) 69.3212 C(25)-0(28)-Co(45)-N(15) 132.5176
N(40)-Co(45) 1.8360 Co(45)-N(15)-C(16) 104.0000 C(25)-0(28)-Co(45)-N(18) 125.5426
O(6)-Co(45) 0.6000 Bond lengths (°A) C(25)-0(28)-Co(45)-0O(6) 175.5585
0(28)-Co(45) 0.6000 N(24)-Co(45) 3.1626 C(25)-0(28)-Co(45)-N(40) -94.4415
N(18)-Co(45) 1.8360 C(20)-Co(45) 2.7392 C(25)-0(28)-Co(45)-N(37) -4.4415

N(15)-Co(45) 2.6688 C(19)-Co(45) 2.9952 C(22)-N(18)-Co(45)-N(15) 147.2908
N(40)-C(39) 1.2600 C(8)-Co(45) 2.3442 C(22)-N(18)-Co(45)-0(28) 154.2657
C(44)-N(40) 1.2600 C(7)-Co(45) 2.4245 N(37)-Co(45)-N(40) 90.0000
C(43)-C(44) 1.3370 N(2)-Co(45) N(37)-Co(45)-0(6) 180.0000
N(37)-Co(45)-N(40) 90.0000 N(37)-Co(45) 1.8360 N(37)-Co(45)-0(28) 90.0000
N(37)-Co(45)-0(6) 180.0000 N(40)-Co(45) 1.8360 N(37)-Co(45)-N(18) 90.0000
N(37)-Co(45)-0(28) 90.0000 O(6)-Co(45) 0.6000 N(37)-Co(45)-N(15) 136.9590
N(37)-Co(45)-N(18) 90.0000 0O(28)-Co(45) 0.6000 N(40)-Co(45)-0(6) 90.0000
N(37)-Co(45)-N(15) 136.9590 N(18)-Co(45) 1.8360 N(40)-Co(45)-0(28) 89.7331
N(40)-Co(45)-0(6) 90.0000 N(15)-Co(45) 2.6688 N(40)-Co(45)-N(18) 90.2669
N(40)-Co(45)-0(28) 89.7331 N(40)-C(39) N(40)-Co(45)-N(15) 133.0404
N(40)-Co(45)-N(18) 90.2669 1.2600C(4)-0O(16) 1.2087 0O(6)-Co(45)-0O(28) 90.0000
N(40)-Co(45)-N(15) 133.0404 C(4)-C(5) 1.5232 O(6)-Co(45)-N(18) 90.0000
O(6)-Co(45)-0(28) 90.0000 N(3)-C(4) 1.3764 O(6)-Co(45)-N(15) 43.0410
O(6)-Co(45)-N(18) 90.0000 C(2)-0(15) 1.2054 0(28)-Co(45)-N(18) 180.0000
O(6)-Co(45)-N(15) 43.0410 C(2)-N(3) 1.3831 0(28)-Co(45)-N(15) 90.0000
0(28)-Co(45)-N(18) 180.0000 N(1)-C(14) 1.3912 N(18)-Co(45)-N(15) 90.0000
0(28)-Co(45)-N(15) 90.0000 N(1)-C(2) 1.3880 H(77)-C(44)-N(40) 120.0000
N(18)-Co(45)-N(15) 90.0000 N(24)-C(25) 1.2660 Co(45)-N(18)-C(17) 104.0000
H(77)-C(44)-N(40) 120.0000 N(23)-N(24) 2.8432 Co(45)-N(18)-C(22) 120.0000
H(77)-C(44)-C(43) 120.0000 N(18)-C(17) 1.2600 C(17)-N(18)-C(22) 115.0000
N(40)-C(44)-C(43) 120.0000 C(22)-N(18) 1.2600 N(18)-C(17)-C(19) 53.3897
H(76)-C(43)-C(44) 145.7395 C(21)-C(22) 1.3370 N(18)-C(17)-C(16) 130.2423
H(76)-C(43)-C(42) 145.7395 C(20)-C(21) 2.1697 C(19)-C(17)-C(16) 176.3430
C(44)-C(43)-C(42) 68.5211 C(19)-C(20) 1.3370 H(57)-C(16)-N(15) 135.4723
H(75)-C(42)-C(43) 139.3272 C(17)-C(19) 1.3370 H(57)-C(16)-C(17) 135.4723
H(75)-C(42)-C(41) 139.3272 C(4)-N(15) 1.2600 N(15)-C(16)-C(17) 89.0553
C(43)-C(42)-C(41) 81.3457 N(15)-C(16) 1.2600 Co(45)-N(15)-C(4) 69.3212
H(74)-C(41)-C(42) 120.0000 C(16)-C(17) 2.3385 Co(45)-N(15)-C(16) 104.0000
H(74)-C(41)-C(39) 120.0000 N(1)-C(14) 1.4700 C(38)-N(37)-Co(45)-N(15) 153.7041
C(42)-C(41)-C(39) 120.0000 C(5)-C(13) 1.4970 C(38)-N(37)-Co(45)-N(18) 63.7041
Co(45)-N(40)-C(39) 104.0000 N(2)-C(7) 1.2660 C(38)-N(37)-Co(45)-0(28) -116.2959
Co(45)-N(40)-C(44) 120.0000 C(7)-C(12) 1.3370 C(38)-N(37)-Co(45)-0(6) 56.3478
C(39)-N(40)-C(44) 115.0000 C(11)-C(12) 1.3370 C(38)-N(37)-Co(45)-N(40) -26.5628
N(40)-C(39)-C(41) 93.4500 C(10)-C(11) 1.3370 C(26)-N(37)-Co(45)-N(15) -85.5618
N(40)-C(39)-C(38) 119.0526 C(9)-C(10) 1.3370 C(26)-N(37)-Co(45)-N(18) -175.5618
C(41)-C(39)-C(38) 147.4939 C(8)-C(9) 1.3370 C(26)-N(37)-Co(45)-0(28) 4.4382

H(73)-C(38)-N(37) 122.7712 C(7)-C(8) 1.3370 C(26)-N(37)-Co(45)-0(6) 176.6546
H(73)-C(38)-C(39) 122.7712 C(3)-0(6) 1.2080 C(26)-N(37)-Co(45)-N(40) 94.1713
N(37)-C(38)-C(39) 114.4576 N(1)-C(5) 1.2660 C(44)-N(40)-Co(45)-N(15) -32.1949
Co(45)-N(37)-C(26) 104.0000 C(4)-C(5) 1.3370 C(44)-N(40)-Co(45)-N(18) 58.0543
Co(45)-N(37)-C(38) 104.0000 C(3)-C(4) 1.3510 C(44)-N(40)-Co(45)-0(28) -121.9457
C(26)-N(37)-C(38) 115.0000 N(2)-C(3) 1.2660 C(44)-N(40)-Co(45)-0(6) -31.9457
H(72)-C(36)-H(71) 109.5200 N(1)-N(2) 1.6755 C(44)-N(40)-Co(45)-N(37) 148.0543
H(72)-C(36)-H(70) 109.4618 Dihedral angles(®) C(39)-N(40)-Co(45)-N(15) -162.5022
H(72)-C(36)-N(23) 109.4618 C(3)-0(6)-Co(45)-N(15) 73.9744 C(39)-N(40)-Co(45)-N(18) -72.2529
H(71)-C(36)-H(70) 109.4418 C(3)-0(6)-Co(45)-N(18) 163.9744 C(39)-N(40)-Co(45)-0(28) 107.7471
H(71)-C(36)-N(23) 109.4418 C(3)-0(6)-Co(45)-0O(28) -16.0256 C(39)-N(40)-Co(45)-0(6) -162.2529
H(70)-C(36)-N(23) 109.5000 C(3)-0(6)-Co(45)-N(40) -105.7587 C(39)-N(40)-Co(45)-N(37) 17.7471
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Electronic absor ption spectr oscopy

The electronic spectraof al the cobalt (11) com-
plexesdisplay absorption at 8765-8855, 17410-17845
and 30115-30135 cm'. these bands may be assigned
tothetransitions: *T g (F) - “T,g(v,),“T,g>"Ag
(v,)and“T g (F) - “T,g(P) (v,), respectively™®. The
position of e ectronic spectra bandsindicatesthat these
complexeshaveoctahedral geometry!'6:819 around the
cobaltions.

The electronic spectra of the Ni(ll) complexes
TABLE 1 exhibit three spin-allowed bands at 9865-
10105, 15925-16225 and 29860-29815 cn! assign-
ablerespectively!"’, to thetransitions®#, 3A g (F) —»
T,9(F),°A9 (F) - °T,g (F),°A,9 (F) - °T,g (P)
whichwerecharacteritic of their octahedral geometry®.

Thediamagnetic Zn(l1) complexesdid not show
any d-d bandsand their spectraaredominated only by
the chargetransfer bands. The chargetransfer band at
28450-28500 cm-1 wasassigned duetotransition 2Eg
— 2T g possibly inan octahedral environment!.

Theproposed structure

Onthe basisof theabove observations, it istenta-
tively suggested that Co(ll), Ni(I1) and Zn(11) complexes
show an octahedral geometry (Figure2) inwhichthe

/

N\
O
AN \I#
(0]
o | &~
A=
N%/@
N
\
N
/
Metal complex of L1

Metal complex of L2

Figure?2: Theproposed structureof complexeswhereM =
Co(I1),Ni(l)and Zn(11).
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two ligands act astridentate and possibly accommo-
datethemsd vesaround themetd atomin suchtheway
that astable geometry of moleculeisformed.

Theoretical study

Theball and cylindersand some of salected struc-
tural parameters (bond length and angles) of the opti-
mized geometriesare shown infigure 3. Asshownin
thisfigure, thereisno obvioustrend for the variation
of these parameters. The values of the bond length
and anglesof the optimized geometriesarequitesimi-
lar to the experimental results of the corresponding
compounds.

Figure 3: The optimized structural geometry of Co(ll)
complex

Antibacterial properties

The Schiff-baseligandsand their transition metal
complexesdictateswereevauated for their antibacte-
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rid activity against bacterid speciesEscherichiacoli and
Stagphylococcusaureusof bacterid?2. Thecompounds
were tested at a concentration of 10° M in DMSO
solution using the paper disc diffusonmethod. Thesus-
ceptibility zoneswere measuredin diameter (mm) and
theresultsarereproduced in (Figure4). The suscepti-
bility zones measured werethe clear zonesaround the
discskillingthebacteria

257

- EL1
20 mL2
O [Co(L1)2] CI2
131 O[Ni(L1)2 ] CI2
101 W [zn(L1)] CI2
B [Co(L2)2 ] CI2
1 W [Ni(L2)2 ] CI2
od . O (zn(L2)] CI2

S.aureus E.coli
Figure4: Theeffect of ligandsand their metal complexes
toward bacteria

All the Schiff-basesand their complexesindividu-
aly varying degrees of inhibitory effectsonthegrowth
of thetested bacterid species. Theantibacteria results
evidently show that the activity of the Schiff-basecom-
pounds became more pronounced when coordinated
tothemetd ions.
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