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ABSTRACT

New mixed-ligand complexes of the transition mietas Ni(ll), Cu(ll), Co(ll), Fe(ll), Mn(ll), and
Zn(ll) with N,N’-bis[2-hydroxyacetophenone]ethyldiramine (OAcPh-en) and bis[4-methoxy
benzylidenelethylenediamine  (MeBen-en) or bis[4hmetbenzylidene]o-phenylinediamine
(MeBen-opd) have been synthesized. The charadienzaf these newly synthesized mixed-ligand
complexes were done by elemental analysis, magnmetasurements, Infrared spectra and uv-
visible spectra, thermo gravimetric analysis, baatistudies have also been under taken.
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INTRODUCTION

In coordination chemistry, Schiff bases have aiigant role as ligands still a century after their
discovery [1]. Schiff base derived from the reactod aromatic aldehydes and aliphatic or aromatic
amines represent an important series of widelyistudrganic ligands. Schiff base and the relevant
transition metal complexes are still found to bgeat interest in inorganic chemistry althougls thi
subject has been studied extensively [2-4]. Thdating abilities and analytical and biological
applications of these compounds have attractedrkaile attention [5]. The complexes containing
O, N donor atoms are very important owing to tisggnificant antibacterial and anticancer activity
[6,7]. The Schiff base complexes have been usedtalytic reactions and as models for biological
systems and also have been used as fine chemichlaedical substrates [8]. It is well known that
some drugs have increased activity when admingtase metal complexes then as free organic
compounds [6,9]. We prepared new mixed ligand cemgd of the type [M(OAcPh-en)(MeBen-
en)].H,O and [M(OAcPh-en)(MeBen-opd)]#® where M = Ni(ll), Cu(ll), Co(ll), Fe(ll), Mn(ll)
and Zn(ll). OAcPh-en = N,N’-bis[2-hydroxyacetopheae¢ethylenediamine, MeBen-en = bis[4-
methoxy benzylidene] ethylene diamine, MeBen-opd bis[4-methoxy benzylidene] -o-
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phenylinediamine. The complexes were characteirethe basis of physical properties, elemental
analysis, infrared and uv-visible spectra, thermayignetric analysis and antimicrobial activities.

EXPERIMENTAL SECTION

Synthesis of N,N’-bis[2-hydroxyacetophenone]ethydeiamine (OAcPh-en):

The ligand OAcPh-en was synthesized by refluxing athanolic solution of 2-
hydroxyacetophenone and ethylenediamine (2:1 nnatar) for one hour. The reaction mixture was
cooled and a bright yellow crystalline solid of NNs[2-hydroxyacetophenone]ethylenediamine
(OAcPh-en) separated [10,11]. The solid was fileodf and recrystallized from ethanol to give
bright yellow crystals.

Synthesis of bis[4-methoxybenzylidene]ethylenediz@(MeBen-en):

The ligand MeBen-en was synthesized by refluxing athanoic solution of 4-
methoxybenzaldehyde and ethylenediamine (2:1 nrald@w) for one hour. The reaction mixture
was cooled and a bright yellow crystalline solid $§[4-methoxybenzylidene]ethylenediamine
(MeBen-en) separated. The solid was filtered off aecrystallized from ethanol to give bright
yellow crystals.

Synthesis of bis[4-methoxybenzylidene]o-phenylirdine (MeBen-opd):

The ligand MeBen-opd was synthesized by refluxing @&thanoic solution of 4-
methoxybenzaldehyde and o-phenylinediamine (2:Janraltio) for one hour. The reaction mixture
was cooled and a bright yellow crystalline solidbig[4-methoxybenzylidene]o-phenylinediamine
(MeBen-opd) separated. The solid was filtered off aecrystallized from ethanol to give yellow
crystals.

Preparation of the complexes:

The preparation of [Ni(OAcPh-en)( MeBen-en)J(Hwas carried out by refluxing an ethanoic
solution (250ml) of Nickel diaquo complex (0.01M)itkv Neutral bi dentate ligand bis[4-
methoxybenzylidene]ethylenediamine (MeBen-en) (Bl01or one hour. The solution was then
concentrated and cooled in air to overnight. Threng crystals were collected and recrystallized,
dry in air. The metal complexes of Cu(ll), Co(Ie(ll), Mn(ll), and Zn(ll) were prepared
similarly. The mixed ligand complexes of [M(OAcPhyéMeBen-opd)].HO [M = Ni(ll), Cu(ll),
Co(Il), Fe(l), Mn(ll) and Zn(Il)] were also prepaat similarly. The formation of the complexes
may be represented by the following equations.

OAcPh + er] HZB - OAcPh-en
MeBen + enl] HZIS) - MeBen-en
MeBen + opd] HZS - MeBen-opd

MCl, + 20AcPh-eri] B39 - [M(H,0),0AcPh-en] + 2HCI
[M(H20),OAcPh-en] + MeBen-en—»  [M(OAcPh-en)(MeBamy + 2H0 ---(1)
[M(H20),0AcPh-en] + MeBen-opd—>  [M(OAcPh-en)(MeBapd)] + 2HO ---(II)

Analytical procedures

The complexes were analyzed for the metal conteyntthe EDTA-titration technique [12] after
decomposing the organic matter first with a mixtuarde perchloric, sulphuric and nitric acid
(1:1.5:2.5). The infrared spectra were recordedmectrum GX FT-IR (Perkin Elmer, USA). The
magnetic susceptibility of the chelates was deteeshiby the Gouy method at room temperature.
The uv-visible spectra were recorded on LambdaPEdkin Elmer, USA). The thermo gravimetric
analyses were recorded on Thermo gravimetric Aral{Rerkin EImer, USA). Elemental analyses
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were performed on a C, H, N analyzer (Perkin EIMUSA). All melting points were recorded in
open capillaries in a capillary melting point aaias.

RESULTS AND DISCUSSION
Characterization of the complexes:
The given formulae (Table-1) are based on analytiata.

Table-1: Analytical data of the complexes

Formula % Found. (Calc 9
Complex Weight | Colour | M.P°C ° - (Cale,) Yifld (EEM“)
g/mole C H N M
[Mn(OAcPh- 66.91 | 596 | 8.73 | 8.40
en)(MeBen-en).po | 04494 | Brown | >360| o¢ g5)| 589 | (8.68)| (8.51)| 02| °88
[Fe(OAcPh-en)(MeBen 66.94 | 581 | 862 | 8.76
o) O 64585 | Brown | 253 | ool Zeo | 5on| @i6a)| 785 | 532
[Co(OAcPh-en)(MeBen| 66.48 | 5.94 | 856 | 9.17
o o 64893 | Yelow | 231 | e | Zed | e | @i0g)| 721 | 438
[Ni(OAcPh-en)(MeBen- Yellowish 66.64 | 5.78 | 8.60 | 9.12
en)]. O 648.70 | "orange | 282 | (66.59)| (5.85)| (8.63)| (0.04)| 889 | 290
[Cu(OAcPh-en)(MeBen- 66.02 | 5.87 | 8.68 | 9.64
o0 65355 | Brown | 248 | 2ol a1 | gag)| (o72)| 753 | 184
[Zn(OAcPh-en)(MeBen- 65.98 | 5.68 | 8.61 | 9.94
en)].HO 655.38 |  Yellow | 200 | g591)| (5.70)| (8.54)| (9.97)| 42| —
[Mn(OAcPh- 69.32 | 552 | 8.01 | 7.96
en)(MeBen-opd).H20 | 09294 | Brown | 212\ g5 | 5.48)| (8.08)| (7.92)| B370| 592
[Fe(OAcPh-en)(MeBen- 69.14 | 5.44 | 8.02 | 8.09
ond)LH20 69385 | Brown | 220 | 2ol @47y | (80 | (@.0a)| 7252| 540
[Co(OAcPh-en)(MeBen- Yellowish 68.82 | 5.49 | 8.08 | 8.50
opd)].H20 69693 | Brown | 230 | (e8.87)| (5.45)| (8.03)| (8.a5)| 816 | 431
[Ni(OAcPh-en)(MeBen- Yellowish 68.84 | 5.50 | 8.10 | 8.40
opd)].H20 696.70 | "Orange | 240 | (68.87)| (5.45)| (8.03)| (8.42)| 702 | 285
[Cu(OAcPh-en)(MeBen- Yellowish 68.46 | 5.49 | 791 | 9.00
opd)].H20 70155 | "pown | 220 | (e8.41)| (5.41)| (7.98)| @.05)| 735 | 185
[Zn(OAcPh-en)(MeBen- 6829 | 544 | 791 | 9.32
opd)].H20 703.38 | Yellow | 290 | go'o0)| (5.40)| (7.96)| (9.29)| 7¥° | —
Table — Il Infrared spectra (cm™)
Complex v(C-0) v(C=N) v(C-N) v(C=C) v(M-0) v(M-N)
OAcPh-en 1330 1610 1143 1507 - -
Meben-en 1332 1615 1147 1510
Meben-opd 1328 1618 1145 1502
[Mn(OAcPh-en)(MeBen-en)| 40 | 1342 1599 1140 1531 459 520
[Fe(OAcPh-en)(MeBen-en)] JO 1330 1595 1150 1528 460 520
[Co(OAcPh-en)(MeBen-en)] JO 1335 1600 1145 1535 455 515
[Ni(OAcPh-en)(MeBen-en)].0 1340 1605 1152 1532 455 520
[Cu(OAcPh-en)(MeBen-en)] 4O 1325 1598 1150 1529 450 518
[Zn(OAcPh-en)(MeBen-en)] O 1330 1593 1142 1535 453 515
[Mn(OAcPh-en)(MeBen-opd)] kO | 1341 1599 1140 1531 445 515
[Fe(OAcPh-en)(MeBen-opd)]40 | 1330 1600 1147 1528 450 513
[Co(OAcPh-en)(MeBen-opd)| 40 | 1325 1598 1145 1535 450 510
[Ni(OAcPh-en)(MeBen-opd)|.b0 | 1325 1600 1142 1531 445 513
[Cu(OAcPh-en)(MeBen-opd)] 40 | 1329 1601 1150 1528 452 510
[Zn(OAcPh-en)(MeBen-opd)] 40 | 1333 1598 1152 1534 450 510
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IR Spectra :

The infrared spectra of the complexes have beahestuo characterize their structures. The IR
spectra of the complexes registé€-0) at about 1324-1340 ¢hi6,13-14]. In the Schiff base
v(C=N) stretching band at 1610 @mThis band shifts to lower energy by 10 to 30cin
chelates indicating co-ordination through the azitine nitrogen [15-22]. The sharp bend in the
range 750-780 cthand 1525-1535 cthare due to aromatig(C-H) [6,23] andv(C=C) [6,24]
respectively. The frequencies in the range 114%1d6" attributed tov(C-N) stretching [25].
Conclusive evidence of the bonding is also showrthgy observation that new bonds in the
spectra of the metal complexes appears at 455-#60and 514-525 cihthese are assigned to
v(M-0) andv(M-N) stretching vibrations and are not observedhi@ spectra of the ligand [26-
30]. The presence of sharp band correspondingetoetimaining hydroxyl group at 3400 ¢rout

it is obscured by the presence of water molecuksd®. This was appeared for the most
complexes and a very broad band at about 3100-8600region, which was associated with
coordinated or solvent water molecules [31].

Magnetic Measurements:

The magnetic moment values are useful in the etialuaf results provided by the other
techniques of the structural investigation [31]eThagnetic moment data are presented in table-
1. The magnetic moment of the Cu(ll) complex (11885 B.M.) is very close to the spin-only
value (1.73 B.M.) expected for the one unpairectted® which offers the possibility of an
octahedral geometry [32-33]. The magnetic momehiegafor Co(ll) complexes is 4.31-4.38
B.M. corresponding to three unpaired electrons tisigggests an octahedral geometry [34-35].
The magnetic moment of the nickel complex at roemperature was observed 2.84-2.95 B.M.
These values are in tune with a high spin configomaand show the presence of an octahedral
environment around the Ni(ll) ion in the compleX[36]. The magnetic moment value for Fe(ll)
complex is 5.32-5.40 B.M. at room temperature dmd value is characteristic of high spin
octahedral geometry for this complex [33]. The NMngbmplex show magnetic moments is 5.88-
5.92 B.M. at room temperature corresponding to fiugpaired electrons which suggest
octahedral geometry [37]. Zn(Il) complex is showardagnetic nature and is found to be
octahedral geometry [34, 38-40].

Electronic spectra:

The absorption bands for the complexes will helpgiee an idea of their structure [41].
Electronic spectrum of Co(ll) complex shows baraissigned td'Ti(F) — “To(F), *T1(F) —
*A5(F) and *Ty(F) — “T4(P) transitions respectively which are in suppoft aztahedral
arrangement of binding centres around the metaJ4@h The electronic spectrum of the Cu(ll)
complex recorded at room temperature, in DMF soitytshows broad band absorption at 13,120,
15,340 and 24,480 c¢hwhich may be assign tB1g— “Aig, (Gkeyz — 0,°)(v1), *Big — “Bag,
(Oxoy2 — Ony)(v2), and®Big — “Eg, (Ckoyz — Gay, dy2)(v3) transition and it is in conformity with
octahedral geometry [43]. The electronic spectrghefNi(ll) complex showed d-d bands in the
region 10115 and 26280-26410 ¢mMA,(F) — °Ta(F) and3A(F) — °Ta(P) respectively,
consistent with their well-defined octahedral cgaofiation [44]. The electronic spectra of Mn(ll)
complexes show the absorption bands in the ran@¥ (49540, 22280-24390 and 26109—
27624 cm'. These absorption bands may be assigned tAthe— *A1q (‘G), °A1g — Az (G),
and °A1y — “E; “A1q (“G) transitions, respectively. These bands sugdest the complexes
possess an octahedral geometry [45]. The electspectrum of the Fe(ll) complex exhibit a
band at 11,200 cm, assigned to the5T2g — 5Eg transition. A strong charge transfer band is
observed at 26,000 ¢h These data suggest an octahedral geometry [4@].ZR(ll) complex
has not shown any d—d absorptions [47].
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Thermo gravimetric Analysis:

The analysis of the thermal curve of [M(OAcPh-end@én-en)].HO and [M(OAcPh-
en)(MeBen-opd)].HO clearly indicated that the weight loss betweerl@5C corresponds to
one water molecule for all complexes. Because eflthv temperatures, this molecule may be
consider as crystal water [48]. The curves in Hrege between 105-3%5 suggested that loss in
weight for all complexes correspond to evaporation of bis[4-
methoxybenzylidene]ethylenediamine (MeBen-en) and is[4bmethoxybenzylidene]o-
phenylinediamine (MeBen-opd). The range above’@06ss in weight correspond to remaining
organic ligand molecules. In all cases, final piddiware metal oxides. These results are in good
accordance with the composition of the complexes.

Antimicrobial activity:

The antimicrobial activity of the complexes agai@sam positive bacteriBacillus Substlisand
Gram negative bacterig.Coli have been done using the “Agar diffusion methotB][ The
diameter of inhibition zone of the various compaaislrecorded in table Ill. All the compounds
have significant antibacterial activity at 1.0 x’1gml* against bacteria. The antimicrobial
activity of the complexes has been found to deer@ashe following order, Ni > Cu > Mn > Zn
> Fe > Co. All the compounds screened are morgeaeijainst gram positive bacteBacillus
Substlisthen gram negative bacte&aColi.

Table — Il Antimicrobial activity
Complexes Diameter of inhibition zone (mm)
Bacillus Substlis E.Coli

[Mn(OAcPh-en)(MeBen-en)].tD 16

[Fe(OAcPh-en)(MeBen-en)] 40 20

[Co(OAcPh-en)(MeBen-en)] 4O 21

[Ni(OAcPh-en)(MeBen-en)].5O 14

Fz:g((gﬁgppr:]g:)) ((I\I\Zlggeeggrr:))]]ig 12 Th(_ese met_al complex_es do_ not (_';\ffect on
[Mn(OACPh-en)(MeBen-opd)]. O 0 E.Colibacteria so there is no inhibition zone.
[Fe(OAcPh-en)(MeBen-opd)] 4© 22

[Co(OAcPh-en)(MeBen-opd)] 40 24

[Ni(OAcPh-en)(MeBen-opd)].5D 17

[Cu(OAcPh-en)(MeBen-opd)] 40 18

[Zn(OAcPh-en)(MeBen-opd)].4D 21

K@/O\CH3
|
N

=
( >7 ]

J‘ o) ‘\©\
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Figure 1. [M(OAcPh-en)(MeBen-en)].HO
[M = Ni(l1), Cu(ll), Co(ll), Fe(ll), Mn(Il) and Zn({l)]
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Figure 2: [M(OAcPh-en)(MeBen-opd)].H,O
[M = Ni(l1), Cu(ll), Co(ll), Fe(ll), Mn(Il) and Zn({l)]
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