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lhe complexes of a new quadridentate schiff base derived from 4­
methyl-7-hydroxy-8-acetylcoumarin and ethylenediamine
(AMUEN) with oxovanadium(IV), Mn(II), Fe(II), Co(II), Ni(lI) and
Cu(II) have been synthesised and charach:rised on the basis of their
e1eJPental analyses, conductivity, magnetic moment, TG and DT
an~yses, and infrared, electronic and ESR spectral data. Metal to

ligand ratio in all the chelates has been found to be I: 1. The schiff
basi: behaves in a diabasic tetradentate manner with O:N:N:O
doqor sequence. Oxovanadium(IV), Mn(II), Fe(lI). Co(II) and Cu(ll)
conjplexes have been assigned octahedral stereochemistry and Ni(II)
coclplex has been assigned a square planar geometry.

Coumarin (2H-l-benzopyran-2-one) and its de­
rivatives have been found to exhibit antibiotic,
antifungal, anticoagulating and plant growth
regplatingl-4 activities and are also extensively used
as 'analytical reagents5 ~ 7. Coumarin derivatives
coqtaining hydroxy, acetyl and phenylazo substituents
ha'le been employed as complexing agentsS --10.
Literatures survey reveals that very little work has,
however, been reported on schiff bases of
cOllmarins11.12.In recent years considerable interest
haSibeen shown in the synthesis of quadridentate schiff
bases and their metal chelates. These may be regarded
as JIllodelsof biological interestI3-16. Keeping this in
view we report here the synthesis and characterisation
of a new quadridentate schilT base derived from 4­
me~hyl-7-hydroxy-8-acetylcoumarin and ethylene­
diamine (AMUEN) and its complexes with
oxqvanadium(IV), Mn(II). Fe(I1). CoOl). Ni(II) and
Cu(II).

4-Methyl-7-hydroxy-8-aeetylcoumarin was pre­
pared by the reported procedure1 7.1 ~. All the other
chemicals used were of AR grade.

The ligand AMUEN was prepared by refluxing two
moles of 4-methyl-l-hydroxy-8-aeetylcoumarin with
one mole of ethylenediamine in ethanol for about one
hour at pH 6-7. The yellow product so obtained was
recrystallised from ethanol. m.p. 185 C.
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The metal complexes were prepared by retluxing hot
ethanolic solutions ofmctal chloride(O.Ol mol) [except
in the case of Fc(II) and oxovanadium(IV) complexes
where aqueous ethanolic solutions were used] and the
ligand (0.01 mol) for 2-3 hr on a water bath. The
complexes separated on adjusting the pH to J,·8. The
complexes thus separated were filtered, washed with
ethanol/aqueous ethanol followed by pet. ether (60­
80C) and dried in l'acuo.

The IR spectra of the ligand and metal chelates were
recorded in KBr in the range 4000-400 cm -Ion a
Shimadzu-435 IR spectrophotometer. The NMR
spectrum of the ligand was recorded on an EM-390
NMR spectrometer. Elemental analyses were carried
out by micro-analytical techniques. Metal estimations
were done on a Perkin-Elmer 1280 atomic absorption
spectrophotomt:ter. Conductivity measurements were
carried out using a digital conductivity meter 304
(Systronics). The electronic spectra of metal chelates
were recorded on a DMR-21 UV-Vis spectrophoto­
meter in the range 1300-300 nm in nujol at room
temperature. The ESR spectra of Cu(II) and
oxovanadium(IV) complexes were recorded on a
Varian EPR-E4 spectrometer as powder at room
temperature. Thermogravimetric analysis was carried
out on a manually operated thermobalance with a
heating rate of 5°Imin. Differential thermal analysis
was carried out on Leed and Northrup DT A unit
(USA) with a heating rate of lOo/min and sensitivity
100J1v/inch.Magnetic susceptibilities of the complexes
were measured at room temperature on a Faraday
balance using Hg[CO(SCN)4J as the calibrant.

All the complexes are coloured, stable towards air
and moisture, decompose at high temperatures and are
insoluble in common organic solvents.

The analytical data (Table I) of the complexes
indicate the metal to ligand ratio as I: 1. Molar
conductance values of the complexes in DMF at 30°C
are in the range 20-30 mhos cm2 mol ~1 suggesting
their non-ionic character. The molecular weights
determined eryoscopically in freezing DMF show
them to be monomeric in nature.

The IH NMR spectrum of the ligand. AMUEN
(structure I) was recorded in CDCI3 and it was
interpreted I" as follows: ()2.38 (s. 6H, a-CH .~).2.85 (s.

6H. b-CH3). 5.95(s. 4H. = N -CH2 -CH2 - N =).6.6
(s, 2H. HJ. 7.4 (s. 2H, Hd). 7.5 (s. 2H. HJ and 12.0
(hump. lB. cnolic OH).

The infrareJ ~pectrum of the ligand shows a broad
band in the range 3200-3000 em I which is assigned to
il1lramolecularly hydrogcn-bonded~(l rOH. The
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spectrum displays strong absorption peaks at 1730,
1600 and 1230 cm -I which are attributed to vC=O

(lactone carbonyl), vC = N (azomethine group) and vC

-0 (phenolic) respectively. A medium intensity band
observed at 1000 cm ~I is assigned to vC -O-c.

In the infrared spectra of all the complexes no band
is observed in the region 3200-3000 cm -I which
suggests the cleavage of intra molecularly hydrogen­
bonded OH with subsequent deprotonation and
coordination through phenolic oxygens. The vC - 0
(phenolic) observed at 1230cm -I in the ligand shows a
positive shift of 15-30 em -I, further confirming the
involvement of deprotonated phenolic oxygen in
complexation21. A negative shift in vC = N of 20-25
cm -I in all the complexes indicates the participation
of azomethine nitrogen in coordination 22. The
presence of a broad trough in the region 3450-3050
cm -I in the spectra of oxovanadium(IV), Mn(II),
Fe(II), Co(Il) and Cu(II) complexes suggests the
presence of coordinated water which is further
confirmed by the appearance of a non-ligand band in
the region 820-830cm -I assignable to rocking mode of
coordinated water 23 . A strong band in oxovanadium
(IV) complex was observed at 985 em -I which is

assigned to vV=022• New bands observed in the
region 620-450 cm --I are assigned to vM - Nand vM
-0 modes23. From the IR studies of the complexes it
is presumed that the ligand AMUEN behaves in a
dibasic tetradentate manner coordinating through the
0:N: N: 0 donor sequence.

The presence of coordinated water is also
established by TG and DT analyses. TG analysis of
Mn(II), Fe(II), Co(II) and Cu(II) complexes shows that
the mass loss per mole of the complex is equivalent to
two moles of the coordinated water in a single step
process and in case of oxovanadium (IV) complex the
mass loss is equivalent to one mole of coordinated
water. DT analysis of these complexes shows that the
deaquation is a single step process. The endothermic
peaks are obtained at 210, 196, 178, 150 and 162°C
respectively.

The room temperature magnetic moment values and
electronic spectral data are given in Table 1. The
magnetic moment values for oxovanadium (IV) and
Cu(II') complexes are consistent with the presence of
one unpaired electron24• Mn(II) complex shows a
slightly low value when compared to spin-only value
(5.92 B.M.). The low values may be due to the presence
of Mn(III) species or spin-exchange in the solid
phase 13. The magnetic moment of Fe(II) complex
agrees well with that expected for high-spin octahedral
complexes25. The high value (4.40 B.M.) for Co(Il)
complex may be due to orbital contribution26• The
Ni(II) complex is orange in colour and is diamagnetic
which suggest a singlet ground term I A Ig'

In the electronic spectrum of Mn(II) complex very
weak absorption bands are observed which are not of
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4.69

(56.74)
(4.72)

56.37
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Table 1- Analytical, Magnetic and Electronic Spectral Data of the Ligand and Complexes
Mol. formulae of Found (Calc), ~~ /lerr. Electronic Tentative assignments

the ligand and -----------~--------. (8.M.) spectral bands
complexes Metal C H N (cm --')

AMUEN 67.87 5.25

[C26H24N206] -- (67.82) (5.21)
V02+ -AMUEN.H20 9.42 57.49 4.48

[VC 26H24N20.] (9.38) (57.46) (4.42)

Ni(I1)--AMlJEN
[NiC26H22N206]

Cu(Il}·-AMlJEN.2H20
[CUC26H26N20MJ

Mn(Il)-AMUEN.2J;I20
[Mn C26H26N20.]

Fe(I1)-AMUEN.2H20
lFcC26H26N20.]

Co(Il) - AMUEN .2H20
[COC26H26N20.]

483



INDIAN J. CHEM" VOL. 25A. MAY 1986

a*y help in assigning the geometry. In the spectrum of
Cj.J(II)complex a broad band is observed at 14500
crh-1 which is a combination of the three transitions
giiVenin Table 1. In the case of other complexes the
a~signments agree with the proposed stereo­
chemistries.

iThe ESR spectra show gi~ gl and gay values of 1.973,
1.950 and 1.958 respectively in the case of Cu(II)
cqmplex and 1.973, 1.945 and 1.954 respectively in the
c*e of oxovanadium(IV) complex. The lower g values
nltY be due to axial distortioh tending to cubic
s)lmmetry because of symmetric environment of the
ligand27.

On the basis of magnetic data and electronic spectral
sthdies oxovanadium(IV), Mn(II ), Fe(II), Co(Il) and
Cu(II) complexes have been assigned octahedral
gdometries (structures II and III) while a square-planar

Where M= Mn(IJ), Fe(II), CO(II) and CU(II)

o

H C II CH3

¢3'c N(IT)N=C""'"o 0 I '- 0/ t '-...o-JyO.'Y 0:-.... /- H20 ~
CH3 CH3

(Ill)

H C 1\ CH33 'C=N N=C""'"

VO~O;N(O-JvO'YO~ ~
CH3 CH3

tIV)
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geometry is proposed for the Ni(II) complex (structure
IV).

Our thanks are due to the Principal, Nizam College
for providing necessary facilities; and one of us (PVR)
is grategul to the CSIR, New Delhi for the award of
senior research fellowship.
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