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ABSTRACT

Eight neutral complexes of Cu(ll), Ni(l1), Co(ll) and Zn(I1) have been pre-
pared with anew heterocyclic Schiff base (PL) derived from salisyladldehyde
and hydroxyl amine hydrochloride. The analytical data showsthat the metal
toligand ratiois 1:2:1 for metal complex with oximeasaprimary ligand and
1:2:2 for mixed heterocyclic ligand. The structural featureshave been deter-
mined from IR, UV-Vis, *H-NMR, and ESR spectral data. All the complexes
exhibit octahedral geometry around the central metal ion. The molar conduc-
tance values of metal complexes suggest their non electrolytic nature. The
free Schiff bases and their complexes have been tested for their antibacterial
and antifungal activities against several human pathogenic bacteria and
fungi, the obtained result showed enhancement in activity on coordination
of metalswith ligands. © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION Ni(11), Cu(ll), Co(ll), Zn(ll) metals derived from
Sdisylddoximeand 2-aminothiazole, 2-aminopyridine,
8-hydroxy quinoline, 2,22 -bipyridine as secondry
ligand and metal halides. All these compoundswiththe

ligand are new, being reported for thefirst time.

Transition metal complexesof Schiff baseshave
drawn considerabl e attention dueto their remarkable
antifungdl, antibacterid, antitumour and other activities™
&, Somedrugswere known to show increased activity
when administered asmeta chelatesrather than asor-
ganic compounds™®. They arefound useful in cataly-
sis, in medicine as antibiotics and anti-inflammatory
agentsand intheindustry asanticorrosion’®%., Litera-
tureisabundant on phys co-chemica propertiesof vari-

Experimental

All thechemica sused for experimenta work were
of AR-grade. The purity of chemical swas checked by
routinetest likemelting point, boiling point, thinlayer
chromatography etc. The purification of liquid chemi-
calsand solventsweredone by distillation assuggested

ous Schiff basesand chelateswiththeir pyridine, 2,2'-
bi pyridine adducts¢21, while comparatively littleis
known on heterocyclic mixed Schiff-baseligandsand
ther trangition meta complexes. Consequently, my find-
ings on the heterocyclic mixed ligand compl exes of

inliteraturg?y,
Synthesisof primary ligand: Salisylaldoxime

Salisylaldoxime were prepared by the standard
method???, in which 20 gm (0.164 mol) of


mailto:seemahabib12@gmail.com

ICAIJ, 9(3) 2014

Seema |.Habib et al.

103

sdisyladldehydein 30 ml adcohol (Rectified sprit) and
15gm (0.216 moal) of hydroxyl aminehydrochloridein
10 ml water were mixed with each other. Then 10 %
solutions of sodium carbonatewere added toit so that
mixturebecameakaine. It waskept for overnight. Then
itwasacidified with acetic acid and thenditilled off the
alcohol under reduced pressurelater onit wasdiluted
with taketwicethevolume of water and extracted with
50 ml portion of ether. Theethereal extract weredried
with sodium sul phate and alowed theresidueto crys-
tdlize. Thenitwasrecrystillised fromchloroformor light
peterolium ether (B.P. 40°C -60°C). The purity of the
product was checked by T.L.C. and by taking M. P. of
product (M.P. =57°C).

Scheme
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simple complexes of

(&) The complexes of Ni-Salisylaldoxime, Cu-
Salisylaldoxime, CO-Salisylaldoxime and Zn-
Salisylaldoxime hasbeen synthesized asfollows

Mixing of metd chloride[Ni(ll), Cu(ll), Co(ll) and
Zn(11)] (0.025M) with salisyaldoxime (0.05mole) In
1.2 proportionsin ethyl acohol thisgets precipitate by
mai ntaining the pH with addition of acoholicammonia
or sodium acetate sol ution. Thecorresponding coloured
precipitate (except Zn) formed wasfiltered and washed
with hot water and cold methanol. Findly dl thesemetd
oxime complexesweredried at 110°C.

(b) Prepar ation of mixed ligand complexesof Ni-
Salisylaldoxime, Cu-Salisylaldoxime, CO-
Salisylaldoximeand Zn-Salisylaldoximewith S-L,,
SL,SL,andSL,

Ni-Salisylaldoxime, Cu-Salisylaldoxime, CO-
Sdisylddoximeand Zn-Sdlisyld doxime complex solu-
tion (0.01 mol) inethanol and solutionof S-L, S-L,,
SL,and S-L, weredissolvedin 25 ml ethanol or 25
ml CH,Cl, weremixed separately in 250 ml round bot-
tom flask. Thereaction mixturewasrefluxed onawa-
ter bath for 2-4 hrson cooling the coloured precipitate
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separate that wasfiltered, washed with cold hexane
solvent and dried under vacuum over night!23,

RESULT AND DISCUSSION

M agnetic susceptibility and absor ption spectral
studies

Theobserved magnetic moment vauesof the Cu(ll)
complexesinthe present investigation werefound to
beintherange 1.79-1.83 B.M. for smple complexes
while1.80t02.70 B.M. for mixed ligand complexesat
room temperature corresponding to oneunpaired el ec-
tronindicativeof distorted or pseudo- octahedral ge-
ometry!?l. Theligand field parameter vauesi.e. LFSE
observedintherange 38.671t048.800 Kca/moleare
in good agreement with octahedra Cu(ll) complexes.
Theeemental anaysisshowsthat themeta toligand
ratioinal Cu(ll) Smplecomplexesis1:2whilefor mixed
ligand complexeshavingratio 1:2.2for SL andS-L,
1:2:1forSL,andSL,.

TheNi(ll) complexesof sdlisyladoximesaredia
meagneticin naturein present work, which indicatesthe
sguare planner structure. Themagnetic moment values
areintherangeof 2.74t0 3.25 B.M. of mixed ligand
complexesin present work indicates octahedral geom-
etry!®l. Theligand field parameter valuesi.e. LFSE
observed intherange 25.447 to 26.938 K cal/molefor
mixed ligand complexesand 43.912 t0 45.309 kcal/
molefor smplecomplexesarein good agreement with
octahedral Ni(I1) complexesand square planner com-
plexesrespectively. Theeementa analysisshowsthat
themetd toligandratioinal Ni(ll) smplecomplexes
are1:2whilefor mixed ligand complexeshaving ratio
1:2:2for S-L and S-L,whileitisl:2.1forSL,and S
L,.

) For the Co(Il) complexes the magnetic moment
valuesareintherangeof 2.74t0 3.25 B.M. of mixed
ligand complexesin present work indicatesoctahedral
geometry™®!, Theligandfield parameter valuesi.e. LFSE
observed intherange 30.383 to 30.979 Kca/molefor
mixed ligand complexesand 42.986 to 43.445 kcal/
molefor smplecomplexesareingood agreement with
octahedral Co(ll) complexesand square planner com-
plexesrespectively. 1:2 metd toligandratio for smple
complexesand 1:2:2 for metal complex with oximeas
aprimary ligandand SL, and S ,asasecondary ligand
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TABLE 1:Analytical dataof Ni(11), Cu(l1). Co(l1) and Zn(I1) complexeswith SAO

) M olecular M.P % element Found (Calculated) Mol.
Complex of ligand formula Colour 'C c H ) N s M Wt
. . 5029 359 1899 838
SAONi (1) [CubzONN)] Darkgreen 246 2020 30 1500 230 17.06 334
5007 357 1909 834
SAO Cu(ll) [C.aHON,(CU)]  Green 212 008 oD (1900) (550 18.90 3355
Reddish 5090 363 1939 848
SAO Co(ll) [CHONACO)]  Honals 332 2000 (oo (1939 (5.9 1757 330
. 4985 356 1916 830
SAO Zn(ll) [CubtzONZn)]  Faintydllow 202 4008 338 1090 850 1928 337
Ni (I1) SAO + 2-amino o 4519 376 1205 1581 1205 1111
thizgzo)le [CaoHz0ONeS,Ni] - Brickred 250 4559y (3580) (12.07) (15.85) (12.08) (11.15) >°F
Ni (1) SAO + 8-hydrox . 5810 378 1684 884 12.42
qui(no?ine VIO [Ctis ONaNi] - Green 254 (58.11) (3.80) (16.85) (8.86) (1243 4™
Cu (I1) SAO + 2-amino 4481 373 1195 1568 1195 1185
ool [CaoH200uNeS,Cu] - Blue 215 4a82) (3.75) (11.97) (15.70) (11.96) (11.87) >
Cu (1) SAO + 8-hydrox 5755 375 1668 8.75 13.24
quir(lo|)ine YOV [Catig ONs CUl - Darkgreen 217 2oy D02 0 g (13.25) 4795
Co(ll) SAO + 2-amino Reddish 5550 463 1235 16.21 11.19
pyridine [CasHos ONGCO] 340 5557) (4.65) (12.40) (16.22) (11.20) 218
Co(ll) SAO +2,2'- 5013 410 1314 1149 1211
bip(yri)dine [CasHoo ONiCo]  Yellowgold 325 59760 (4 73) (1317) (11.47) (1215 %7
Zn (11) ASO + 2-amino 5485 457 1219 16.00 12.38
pyridine [CasHas ONoZr]  Yellow 297 (54.81) (456) (12.18) (16.05) (1242) %
11.35
Zn (1) ASO + 2,2'- Lemon 5679 405 1298 13.18
bipyridine [CasHzo ONZN] gy 287 (56.83) (4.04) (13.01) 1139 1321 4

whileitis1:2:1 for metal complex with oximeasapri-
mary ligand and SL,and SL, asasecondary ligand.
Dueto completely filled‘d” shell asexpected for
Zn(Il) ionit exhibits diamagnetic nature. The present
complexesarefound to be diamagneticin nature for
the square plannear'®! geometry. In present work the
electronic absorption spectrum of Zn (11) complexes
shows only one absorption band in UV-visible spec-
trumintherange 357 nm (2800 cnm?) to 372 nm (26882
cm?). Thisis dueto absence of d-d transition. This
observed peak is because of metal to ligand charge
transfer spectra. Thevaluesarein agreement with oc-
tahedra geometry of these complexed?2. Thedlemen-
tal analysisindicatesthat Zn(I1) complexesof mixed
ligand exhibit the stoichiometry 1:2:2. TheZn (II) com-
plexesundergo decomposition at high temperature.

| R spectroscopy

Theazomethine C=N stretchingisfound at 1640
cntinprimary ligandi.e. salisylaldoxime. It isshifted
to lower frequenciesin complexesof primary ligand
and observed at 1615 cm for Co (1) SAO and at
1652 cm* for Zn (11) SAO whichisagain shifted by 50
cn lower frequency in case of themixed ligand com-

plexesi.e. adductsof Co (I1), Zn (I1) complexesand a
band appear at 1567-1575 cm* and at 1579-1589
cm™,

TheLigand SAO exhibit four peaksintherange of
1420 cm* to 1600 cm? attributed to aromatic C=C
stretch andits Co(l1), Zn(11) complexes shows same
C=C stretch at 1445-1600 cm™. While their mixed
ligand complex exhibit intherange of 1444-1605 cm™.

In present work astrong band at 1250 cm*isap-
pear, it isdueto phenolic C-O stretchingintheligand
sdisylddoximewhichisagppreciably shifted tothelower
frequency sdeand appear a 1222 cnm for smplecom-
plexesand 1212 -1218 cm™ in mixed complexes of
Co(IN=¥and at 1203-1212 cn for Zn(11) complexes.

ThelR spectrum of theligand SAO showsasharp
band at 3450 cm* and a broad band at 3300 cm™.
These bands are ascribed to frequency of OH of the
interamol ecular hydrogen bonded oximino hydroxyl
group and intermol ecul ar hydrogen bonded phenolic
OH groupt®+#2,

Thelater band isabsent on complexationwith Co
(11) and Zn (1) suggest breakdown of intermolecular

Tnorganic CHEMISTRY
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TABLE 2: Ligand field parameter of Cu(l1), Co(Il) and Ni(Il) complexes

Complexes Dqg (cm™) B' (cm-1) p =B/B' VIV LFSE (Kcal mal-1)
Ni-PL1 1926 1.468 43.912
Ni-PLi+ SL1 1177 1457.33 0.7067720 1.743 26.835
Ni-PLi+ SLs 1181.50 1444.40 0.7130989 1.743 26.938
CuPL; 3180.625 1.0318 48.800
Cu-PL1+SL: 1698.375 1.221 38.722
Cu-PL;+ SL3 1710 1.212 38.988
Co-PL; 1885.375 1.103 42.986
Co PL:+ SL» 1352.875 1009.06 0.9622817 1.574 30.845
Co PL1+ SL4 1342.50 999.86 0.971136 1.564 30.677

hydrogen bonding. It revealed by the presence of a
broad band in the range 3261-2980 cm™** and 3318-
3000 cm™=3, but inthe case of mixed ligand complex of
2-aminothiazole and 8-hydroxyquinoline frequency of
OH isshifted to 3389-3398 cn showing weakening
of intramol ecular hydrogen bonding.

Theligand band at 1403 cm™ is due to the O-H
deformation modeaof theoximino hydroxyl groupitiden-
tified at 1640-1645 cmr* for Co(ll) adducts (mixed
ligand complexes) indicating that the oximino hydroxyl
group remainsintact®lin the complex of Co(ll), Zn(11)
with al heterocyclic ligands used. However the O-H
deformation band of the phenolic oxygen appears at
the 1315 cm? in the ligands disappears in the com-
plexes showing co-ordination through phenolic oxygen.

In simple complexes of Co(Il) with SAO aband
appears at 437 cm* due to metal-nitrogen starching
and at 539 cm? due to metal-oxygen stretching. The
metal oxygen bond shifted to higher valuein case of
mixed ligand complex of Co(ll) with SAO and gppears
intherange 544 to 548 cm* and at 566-613cm-1in
case of Zn(ll) complex. A metal nitrogen weak band
gppearsfor dl mixed ligand complexesintherange442-
448 cmrt and at 485-492 cm*thisisdueto formation
of abond between nitrogen atom of primary ligand and
central metal copper ionand Znion. In caseof mixed
ligand complex of Co(l1) salox with 8-hydroxyquino-
lineonemorebandisobserved at 426 cm* and at 428
cmrt for Zn(11) complex. Thisclearly indicatesthat the
phenolic oxygen bonded to Co(ll). In case of mixed
ligand complexes of 2-aminothiazole and 2-
aminopyridinethe bandsappearsat 3430 cmtand 3443
cnt, Thisisdueto free N-H- stretch provesthat the—
NH,_, group do not participatein complex formation.

The azomethine C=N stretchingisfound at 1630
cmtinprimaryligandi.e. sdicyldoxime. Itisshifted to
lower frequenciesin complexesof primary ligand and
observed at 1617 cm* for Ni (11) SAOwhichisagain
shifted upto 30 cmrt and at 1610 cm™ for Cu(ll) com-
plexeswhich isagain shifted upto 60 cm* lower fre-
quency in case of themixed ligand complexesi.e. ad-
ductsof Ni(ll) complexesand aband appear at 1587-
1597 cm* and that of Cu(ll) aband appear at1550-
1565 cm™.

A strong band at 1250 cmrt is appear it isdueto
phenolic C-O stretching in theligand salisylaldoxime
whichisappreciably shifted to thelower frequency sde
and appear at 1218 cm't for smplecomplexesand 1206
to 1210 et in mixed complexesof Ni (11)*and at1209
to 1212 cm* for Cu(ll) complexes.

A very broad band inthe IR spectraof freeligand
observed inthe 3400 -3200 cm region it assigned to
phenolic-OH. Thisband isabsent inthe spectraof the
Ni(I1) SAO, Cu(ll) SAO complexesand Ni(I1)(SAO),
Cu(I(SAO) + heterocydicligand complexessuggesting
the coordination of phenolic oxygen atom to Ni and
Cu. A broad and nearly flat band present intheregion
3200-2900 cmrt isassigned to OH group of the >C=N-
OH chromophoreinvolvedin strong H-bonding. This
band in not affected in the IR spectraof Ni (11) com-
plexesindicating no Involvement of oxime-OH in che-
| ati on(*5:34)-

Theligand band at 1403 isdueto the O-H defor-
mation mode of the oximino hydroxyl group identified
at 1640-1645 cm* for Cu adducts (mixed ligand com-
plexes) indicating that the oximino hydroxyl group re-
mainsintact, inthecomplex of Cu(ll) withal heterocylic
ligands used in present work. However the O-H de-
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ESR spectral datawith gvaluesof Cu(ll) complexes

Sr.No. Complex g g1 Oav G axial symmetry g, +9.
1 Cu(l)PLy+ 8L, 2.25721 2.05780 2.12427 4,31501
3 Cu(I)PLy +SL3 2.22804 2.05909 2.1154067 4.28713
o—H
H |

M(I1)PL,

H :
HN-Z i
e

(@]
M(II)PL+SL,  M=Cu(l),Ni(1)

M(I)PL+SL, M=Cu(ll),Ni(ll)

formation band of the phenolic oxygen appearsat the
1315 cm* intheligands disappearsinthe complexes
showing co-ordination through phenolic oxygen.

Insimplecomplexesof Ni(Il) and Cu(ll) withsaox
aband appear at 475 cnr! and 466 due to metal-nitro-
gen starching and at 596 cn?, 526 cn! dueto metal -
oxygen gtretching.

Themetal oxygen bond shifted to higher valuein
caseof mixed ligand complex of Ni(Il) with Salox and

=CH
8]
M=Cu(l1),Ni(I1), Co(l1) and Zn(I1)
e T :
0/ =C
O“‘?“ [ "
=
H o
M(I)PL+SL, M=Cofll), Zn(ll)
s LT
==
o
o v N
'T'__ ‘/ \;./
Hg;‘}‘H/M\N/ N
\\://
o)

M(I)PL+SL, M=Co(ll)Zn(ll)

appearsintherange 562 to 566 cm*andin Cu(ll) itis
at 534-539 cnt. A metal nitrogen weak band appears
for al mixed ligand complexesin therange 482-488
cmtand at 473-478 cm thisisdueto formation of a
bond between nitrogen atom of primary ligand and cen-
tral metal Ni(I1) ionand Cu(ll) ion. In case of mixed
ligand complex of Ni(Il), Cu(ll) salox with 8-hydrox-
yquinoline onemore band isobserved at 608 cm*and
at 484 cnm™. Thisclearly indicatesthat the phenolic oxy-
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gen bonded to Ni(11) and Cu(ll).

In case of mixed ligand complexes2-aminopyridine
the band appearsat 3493 cn. Thisisdueto free N-
H- stretch provesthat the—-NH, group do not partici-
patein complex formation.

ESR spectr oscopy

The ESR spectrum of Cu(ll) complexes of
sdisylddoximeaswedl astheir mixedligand complexes
was recorded at room temperature using
tetracyanomethyleneradica as‘g’ marker. TheH, and
H , valuesweremeasured from the spectrum and used
to calculatetheg and g, values. ESR spectrum of
Cu(ll) complexes exhibit typical monomeric spectra
with four (Cu®, 1=3/2) hyperfinelines, impressed ong
,andg signas

In case of these Cu(ll) complexesorder of g val-
uesisg,>d, isanindication presence of an unpaired
electron in the dx2-y? orbital of the copper ion. The
gppreciabledifferencebetweeng, andg,, isindicative
of apronounced John Teller distortion of thetetrahe-
dral geometry®Theg, valueleadsfurther support to
appreciabledistortion from octahedral stereochemis-
trytsl,

ANTIMIROBIALACTIVITY

Theinvitroantimicrobia activity wascarried out
by Ditch-plate method!®-37,

Antibacterial activity by Ditch-Platemethod

Nutrient agar of 20ml. was placed in aflat bot-
tomed Petri dish. When solidified, 4 ml of second nutri-
ent sol., Seed with test bacteriawas poured evenly onto
thefirst layer (at 48°c). As soon as the second layer
wassolidified, insx gerilestainlesssted cylinderswere
added an equa amount of astandard penicillin solution
of concentrations 2.0, 1.5, 1.0, 0.5 and 0.25 mg/ml.
Sampleof thetest solutionsweredeposited andogoudy
ontheother Petri dishes. Thedisheswereincubated at
37°cfor 16-18 hours. During thistimethepenicillin dif-
fusesout of the cylinder into the surrounding agar and
suppressesthe growth of thetest organism. Thusthe
cylinder was surrounded by clear zone, free of bacte-
ria. The diameter of each zone provides an index of
activity of thepenicillin preparation. Themean values

—= Fyl] Paper

TABLE 3: Antimicrobial activity of thesynthessed compound

Sr. Ligand / Bacterial Srain  Fungal Strain
No.  Complex  E.Coli SAureus A.niger A.flavus
1 PL, 7 8 9 10
2 Sy 5 0 0 6
3 S, 6 0 0 7
4 SLs 0 12 0 0
5 SL, 4 0 0 5
6 Cu(Il) PL, 0 6 0 9
7 Ni(l1) PL, 0 0 0 7
8 Co(Il) PL; 0 0 0 0
9 Zn(I1) PL, 0 0 2 7
10 Cu(ll) PL;+SL; 12 12 2 9
11 Cu(l)PL +SL; 11 12 2 2
12 Ni(l)PL; +SL; 10 10 0 7
13 Ni(ID)PL+SLy 7 15 0 0
14 Co(ll)PL;+SL, 14 16 4 12
15 Co(ll) PL; +SL, 12 15 0 8
16 Zn(l)PL,+SL, 13 15 3 1
17 Zn(I)PL +SL, 11 14 0 6

obtained from 10-20 standard plates are used to draw
acurveandthebiologicd activity of thetest solutionin
internationd unit isdetermined usng conversontable.

Antifungal activity by paper discdiffuson method

Whatman No. 1 filter paper disc of 5Smm diameter
were sterilized by autoclaving for 15 min. at 121°C.
The gerilediskswereimpregnated with different com-
pounds. Agar plateswere surfaceinoculated uniformly
from the both culture of thetested microorganisms. The
impregnated diskswere placed on the medium suitably
spaced apart and plateswereincubated at 28°C for 72
hours. Theinhibition zones caused by various com-
pounds on the microorganismswere examined.

CONCLUSION

All thesecomplexesareinsolubleinwater but mod-
erately solublein DM SO, DMF, dioxaneand chloro-
form. From the above discussion and on the basi s of
results of elemental analysis, Magnetic susceptibility,
electronic spectral data, IR, X-ray diffractionand ESR
study, it may be concluded that, the smple complexes
of all metal ions have square planer structure while
mixed ligand complexesof al meta ionshave octahe-
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